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PREFACK

She demonstrstion in humans that certain clindeal symptoms attrie
tuted to depleted body energy can be correlated with a desresss in the
biochemicel components of mm zotaboliem has led to investignticns of
effective wethods of treating the defislency (1). Glycosyumine plus
botaine has been found uweeful xs an adjuvant 4n treating the elinical
syndrome, However, experimental proof of this effect rests with the
development of laboratory test animels, low in energy reserves, and the
deponstration that the thereny given will eause a significant change in
these reserves. It has been shoun in our laboratory that glycocyssine
plue betaine will inoresse one of the energy compounents, crcostine phose
phate, in the musecles cf‘uta as compared with eomtrols {2), It
appearsd probable that the adremalectonized rat might show depleted
energy reserves begause of the known effecis of cortisal hormone defie
ciency. Also, this animal might prove z suilabls test animsl to detere
wine whether or not the effecis of glycocyamine and betaine are mediated
through the adrenal glands, 2 study on the bicchemicul mschanisme ine
volved should eonsider at least three aspects of this problem, 1) Energy
metsbolism relations; 2) Pessilble effects of aduinistered compoundsy and
3) standerdisation of test animels, These are the problems to be cone
sidered in this study,



D DUCTIoN
1. ILpsrgy Sotabelisw Relations

Boergy production, eonservation and utilisation are sceemplished

in the liviag organism by & group of wnique organie molecules, These
compounds possess chewical beond energy of the order of 10 = Lh kiloe

ealories, wiieh is readily transferabls through ensyme mystems for

-utilisetion in certain energy requiring prosesses, In smsele, the

energy contained im the high energy phosphete bond of adencsine irie
phosphate (ATP) is converted imto meshanisal work through the con-
traction of the fibrils, Indirectly invelved are the systews of
energy production, largely through the trisarbomylic acid eycle,
anaercbic glyecolywis, and S«omidation of fatty seids, and energy
storage as creatine phosphate, The reaction diresily yielding
anergy during musele contrsction msy be indlested as follows:

0 0 0 . :
] ] it I i
1) Adanostoe~#-0~F-0~P- O adenceine—p 0PN *
I o Oof o8 of
Crtho phosphiate
+
approximately 10 K energy
? o o
2) MA—?-H * Adencsine —P-0~P-0 =
oK , i om
0 7] 3]

Adnutw—%—ﬂ«—f’—uf—f'~ﬂ +  Creatine
OF OH o
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The ATP forwed in reaction 2 ean be utilised in reagtion 1. Creatine
phoaphate serves ae a reservoir of phosphate bond energy econvertible
inte the phosphate bond energy of ATP. The oversll effect in pro-
lmged maseular sctivity is & depletion of orestine phosphate reserves,
Restoration of these reserves cocurs during the resting phese of suse-
¢le scoording Lo reaction 3

3) ap+ ~Po
T i —— reattne~Po, ¢ aoe

By warious mechanisms during the processes of oxidation and gly-
oolysis inorganie phosphate is converted to the high energy phos-
phate of ATP and creatine phosphate. Thus ww see that the ability
wamwwﬁmwwkin'mm&nmtmm
phate which forms a reservoir of available energy for the rephosphory-
lation of adenceine diphoaphate (ADP) to AYP,

?i;c beginnings of our present soncept of energy rich conpounds
aay be traced to work reported in two publiestions im 1927, Eggleton
and Bggleton(?) pipet moted & gredual ineresse in he oppisal demsity
in thelr colorimetric procedure for the determinatien of muscle inore
ganie phesphate, ‘fhinphmmnhu&wtm existende of
soms organis phosphate which slowly degenersted to yield inerganic
phosphate, They termed this labile ecwmpound phosphagen, Fatigued
muselo eontained lews phosphagen than rested miscle and masele in
rigor contained 1ittle or mone, Piske and Subbarew'®), o had pre-
viously made similay observations, showed that the ewspownd phosphagen
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is oreatine phosphote, determined its empirical formila, and suggested
the structure as it is koown foday. Although the work of Egglston
and Eggleton, and Fiske and Subbarow suggested that creating phose
phate is involved in meseuler contpaction, the finding of Meyerhef
and Suranyd(5) thot the enengy sentent of evestine phospliate s of
& higher order than the esdinary phosphate ester bond suggested s
direet relation of this high energy compound to the operationel
energy in pmscle contraction. This implied relationship was over-
locked by Meyerhof and other workers during the late 1920's becavee
of the well established theory that susole contrection is releted
‘mtuwmwmmmm formation of lactin
acid, Lundsgaerd(®) 15 1930 yroved Ate soncept arvenecus by showe
ing that vhen glyeolysis is blocked by icdoncetate, susele eomtraction
eontinues anserobieslly until the ercatine phosphate present in i
pletely dephosphorylated, Lundsgasrd(”) also showed that the energy
from glycolysis is converted into phosphate bond energy.

Lowmann(®), 1n 1931, Ssolated adenceine trishospiate and later
demonstrated that erestine phosphate serves to keep up the supply of
Ms’(”. This procees is represented Yy the mﬁmz

sreatine phosphate + ADP———ATP -+ greatine

This established that ereatine phospbate 1o net the direct energy donor
for m«h sontracticn, but serves as a store of energy rich phosphate
groups for regeneration of ATP from ADP, However, this role of crea~

tine phosphate is mot merely a passive one. Goodall and A.G, Ssent
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W(M} have shown that erestine phosphate is an obligatory com-
ponent of the muwsele gontraction and relaxation eyele., In their in
vitre studies, they found that orestine phosphats is needed to proe
duos aomplete relaxation of contracted musele wherees the onergy of
&ﬁ', sven vhen present in excess, cammet be utiliszed for relaxation,

The energy sarried by ATP largely ariginates from the oxidative
mechanisns of the tricarboxylie acid eyole. As indicated in Figuve
1, the intermediate products of fat, earbohydrate and protein metabe
olise are introduced inte the metabolie ercle by ensymatie conversion
to eycle ewmponents, and ultimstely oxidised to €O, and water. The
energy yielded is conserved by transfer through a series of cxldae
tive reactions that are coupled with phosphorylations to protuce
about 12 moles of ATP for every two carbon unit oxidized. Under
snsoyrobie conditions, stored glyeogen in musele is degraded to
hexose wnite (Figure II) which are further split to two phosphorylated
triose molecules (Reasction 2), These are in sguilibrium and the reage
tion continues vhwuugh 3-phesphoglyseraldehiyde to pyruvie acld with
the production of § moles of ATP per tricse (Heactiocns 3 and 4),
- Since ome ATP is wtilized in the phosphorylation of fructose-bephog-
phate %o fructose l-b-diphosphate (Resctiom 1), the overall gain in
ATP is 9 woles per hexose dograded, In serchbic couditicas, the de-
hydrogenation indicated in peaction 2 proceeds through the segquentisl
reductiong of the soensyme diphosphopyridine nueclectide (0PN + 23—
DPHe2H) and flavoproteins, the latter finally being wxidized by elee-
tron transfor tirough the ericthvone system to form ATP and water as
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the overall end produots. In anserobic states, this oxidetive aystem
does not funeticn and emless a ecmparable mechanism were available
for mxidation, the glyeolytic process would cesse, However, anss-
robie exidation does occur through the transfer of ¥ from DPHZH o
pyravate (Reastion 5) with the formation of laetic acdd, Thus it
can be sosn that the onergy for a rapidly eontrneting volwmtary wmueele,
which is under essentially anacrobis conditions, arises from twe wain
sources, stored crestine phosphate and amoredie olycolysis,

The type of work demanded of a mussie mm mimle struotore
and the mochanisw of energy rroductien, Slow, rhytimie contraching
saselo needs o prolonged, steady supply of esergy, The cxidative
mechanlscs largely involving oxygen snswer ihis need Lecsuss, under
ordinary conditions, the cxygen swply to these tissnes la adequale
and wAl the available food products are depleted, energy preduction
gontimmes, Fusele responsible for short burste of activity and re-
guivring long periods of recovery ls powered mainly by the uick energy
yield from irmediate breakdown of oreatine phosphate supplemsuted by
AT? frem amserchle glyeolysis, Thus, es Ssemt Oyérgyl poists out{11)s
the dark breast mscle of wild fowl is supplisd with enovgy largely
froe oxidstive meehanises and therefore the bird is capabile of pro=-
lenged Miget, In contrsst, the whlte breast muscle of dowestie foul
depends 40 & grester extent o the oreatine phosphate reserves and
consecuently, the chicken or turkey is sapable »f but short, vielemt
ternyard flighte.

Prow thase cousldersdions, it san be ssen thal the selaticue of

enorgy wetadolise in mussle are indeed coaplex and & sursury roview
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as presented here falls to indicsts adequately the finey detalls of
ensrgy production and utilimstiom, & point that should be reesphae
siged is the importance of eresdins phosphate in misele both indirecte
1y ae an emergy denoy Lo ATP, apd direstly as a necessary component

1o bring about musels relaxation,

Il, Eeselble Effects of iduinistered Glygosvamine-Betaine

Glyeoeyamine plus betaine has bsen found to significantly ralse
the level of crestine phosphate in the misele of ratel?), This action
my be postulated to osour through an increase in fyoe crestine formed
through presentation to the organism of an excess of glycosyamine,
or of the methylating agent (hgm“), or by & combinaticn of both
affocts. While mothionine is the direet methylating agent in the
fmﬂwormatm, the methyl groups of betaine serve to keep wp
the e‘lupgl,v of methicnine by wethylating harecysteine to methionine,
m synthesis of ereatine in vivo takes plaee in at least two main
stepe, The firet is the furmetion of glycocyapine frew arginine and
glyeine in the kidnoy, and the sscond is the methylaticn of glyve-
gyamine by methionine to form crealine in the liver,

Severel workers have showm the in vive eynthesis of glycoeyamine
and erestine by isctope tracer studies, Bloch and Sehoenheiver(i2)
demongtrated that MY glygoeymmine is more active in labsling oreatine
that is W35 giyeine, They alse showed that the nitrogen content of
ereatine is from two pnauum. When I*5 smonia wes adwinistersd
to rate, the isctope wae present in the ewidine meiety of creatine,
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but vhen ¥J giyeine was fed the methyl glyeine fragwent of creatine
wos labeled. du Vigneaud and his sssoeletes’™ showed that dsuterium,
when present in the wethyl group of methimnine fed to rats, could be
regovered in the methyl groups of creatine,

This in vivo evidence of glyeoeyamine and creatine formaticn ae
obtained by Blooh and Schoenheimer and du Vigneaud was confirmed by
the in vitro tiesue slice studies of Boreoock and Dubmoff. These
workers showed(24) that liver slices frem the est, rabbit and reb cen
soavert glyeceyamine to ereatine and that the presence of methicnine
enhances creatine formstion, Barsook and Dubmeff further demonstrated
(15) 4uet the kidney is the exalusive site of glycoeyamine synthesis
from the amino asids arginine and glyeins, Creatine synthesie may be
shoun to ceour by the following equations:

B teiedl T

¢=Mn n-ul'-.-m ¢=uE it;::
-t L s $
s =
ol Lo
o .

cooR
Arginine +  QOlyeine— Glycoeyamine -+  Urnithine

Giyeceyamine + Methionine — Creatine +  Hemoeysteine
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Tronsmothylation fren nethionine to glycoayanine as well as to
other methyl acceptors has been found to cocur only in the presence
of ATP in rat liver ammm‘w. em&(rn showed that ATP
Yactivates” methionine to labilise ite mothyl redieal, acoording to
the pesctiont

l-methdonine + ATP g:!,, ) "agtive® methionine
- +

inopganie phosphate

@lutathione and magnesium jons are necessary in the resction. Can-
tond also established thst the "active® methionine is fermed fvem the
adencsine moiety of ATP with the liberstion of orthe phosphate, and
that "active" uethienine osn tremsfer its methyl group without the
further action of ATP. .
Betaine and ite higher analogues, dimethyl thetin and propic-
thotin can effect methylation of homosysteine to methionine withowt
activetion by A7P(18), In generel, trensmetiylsticn to form methio-
nine seeme t0 be dependent on sttachment of the wethyl radiecsl te
an ontum polel1%20) | petyine und 1ts analogues and "actives methioe
nine show this type of strecture. |

9 ! {Shz)q
ﬂ:‘?w [ ! - O* Mr-c m'+
i b, o
{ﬁa’), 4 ity
(ctiy), 8
(c8y),
Betaine Diwethylthetin Dimethylpropio- Cheline

thetin



Active Nethionine (S-Adencayl sethionine)

Choldne does not have the arium pols strueture, yot 1t has been
found to be active in the biosynthesis of methiecnine, du Vigneaud
et a1 () gnvestigated the ability of cheline to replace methienine
for rat growth and suggested that cheline makes possible the im
vive methylation of homoeysteine to wethionine, This hypothesis
was supported by Simmonds and associates‘Z2) who fed pate choline
hb&ldwitamtwﬁumtmﬂ,mwmm the isctope in
tissuc methionine and oreatine, The transmethylation appeared to be
reversible as du Vigneaud et a1 (130 pag previcusly shown the methio-
nine to choline methyl tvunsfer, In the studies previcusly eited(2l)s
du Vigneswd and assoclates found that betaine is sble to substitute
for chaline in premoting ret growth in methdonine deficiencies, In
forther studtest), these workers eynthesised deutoro-setiyl and W35
betaine and fed this isotope to rats, The labeled (m, appeared in
tummmaMnmumMuummummcaam
dietary deutero-cholins, The W'5 sus partially recovered frem tissue
glyeine and did not appear in choline in significant amounts, This
indicated that betaine participates in methyl transfer without eontri-
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buting apprecishbiy to other choline ecmponetts.
Proof that eholine methylates through conversion to betaine
wns cbteined by HumtalZh), He inoubsted L5 eholine with et liver
homogenates in the presence of homogysteine, If direet 0!3 tranafer
to howosysteine oosurred, them isctople dimethylamincethanol frem
eholine should have been resovered. However, the label appeared in
the demethylation produst of betaine, that is, in dimethyl glyeine,
and therefare indicated that labilisstion of chollse methyl groups
48 sffested through betaine, Detmoff{25) nas showm in ret liver
homogenates that the oxidation of choline to beteine ie mediated by
the ensyme choline oxidase. Anssrobieslly, he eculd not demcmstrate
slgnificant methylation of homogysteine by wlemll.iz:-,f mé aerobically,
the yate of trensfer was similar to that for betaine, The theory
of the obligatory snium pole attachment of Cily for mothylation of
homoeysteine to sethionine is walid for the methylation of homo-
eysteing by choline because of the formmation of the intermediate,
betaine, whieh is the astual methylsting agemt, The resctions ine
volving biclogieal methylations are shown diagramatically in FPigure
11, |
It is of interest that livere from certaln amimal speedes,

ineluding men, rabbit, and guinea pig show no choline oxidase
aotivity?6), slge, folle seid and vitamin By, have been shown to
infivence resstions relating to methylation'?7), Defictensies in
thess vitemins depress methylation resctiens, but the exact mechenisme
invelved are unknowm,
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From these sonsiderstions, the possible effects of administpee
tion of glycocyamine plus betaine in ineressing the levels of muse
ole grestine phosphate may be the result of providing the synthe-
sising mechanisme with an excess of glycoeysmine and an edditional
source of labile methyl groups for inereased creatine forsation,
This axpanded energy storege potential eould result in » proportiomel
ineresse in sreatine phosphate,

Dissovistion of the two effects, energy production and energy
storage eonstitutes a major problem. Decsuse of the tendency of
intact anizals to maintain eonditiocns of "nurmaley® under stress,
drastic changes in energy metabaliem ave needed before approciable
deficiencies are noted in the ATP-ereatine phosphate system, The
position of hormones In yegulsting metebolis function suggests &
mothod of atbacking the problem, The adrenal hormsones have been
shown to influence glycogen deposition and mobilisstion, protein
eatabalism, glucose utilization and other reastions generally
relating to enorgy productien, It wis thought that the severs |
ehangss effected by removel of the sdrenals in the ret might be re-
flected in significant changes in the components involved im the
production and utilisation of musels energy, Lvidence supperting
this view may be found in the work of Ingle'”®) o found thet muse
cles from sdresalectomized yats have a lower work cubput tham do
mustles from intsct control anisals, and thet this offect is partially
restored by the administration of cortisone. Alse, Versar'®Y), in s
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roview o the effects of corticoids on carbohydrate metabolism come
eluded that one of the main defects caused by resoval of the adrenals
i depressed enmyne activity, especially the phosphorylsting enzymes.

Several workers have determined ureatine phesphate and related
sompounds in sugeles of adrenalesctumized rats, Conflicting results
ave found in the literature, Nelve(3®) found & lower erestioe phos-
phate level in the muwcles of adremslectomised anivale as compared
$o the controls, OComemy end Hingerty'>232) £ound tneressed amounts
of eroutine thosphate in the muscles of adrenslestonized rebs.
dlbauv and mc:ei,aus(”) buve reported ne significant shange in high
onergy corpoonds after sdremalestony, '

Peor technioue in preparing tissves for snalysis xay partially
explain the mmtm in orsatine phosphate levels. Bowever, another
pesaible canee may be the use of animals not completely dsficient in

the cortissl hormonos,

11y, Diffigulties Inhorent in the Uss of jdrenalociucdsed Rotew
Zzportance of Dotermining Sha Pressace of Fupstiandng idrenal
Zlswug, |

When chronie adrenalsctomised rate or mice are selected as
tost animals, the presence of true sogessory tissue of regenerated
adrenal capsvie fragrents left after speration posss & serious pro-
blem, EHemoval of the adremal wmay cause the scecssory tissue to
hyvertrophy and elaborute pufficient cortiesl hermone to destvey the
offects of adrenalectiomy in relation to the particulsr experiment under-
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taken, Versar(34) nss stated thet in his ret coleny, 305 of the
chrenie adrecalectosised rate can be maintained without saline teo
drink, indicsting the presence of functioning adremal tiseus,
speire(35) found that about 62% of his sdremaloctemised mive hed
hypsrirophying accessory tissue, Therefore, the assumption that
& chronis edrenslectomined animal is entirely without the effects
of eiveulating cortieal hormcnes may be cuestionad because accessory
tissue may be produsing the hormones., Before undertaking & study
with adrenalectosised rets, it Mﬂd advisable to develep a simpie
procedure to indicute the leval of eireulsting adremal corticel
horectes.

Yothods availalile io detect the presence of cortical hormones
in emall laborstory animals present & mixture of advantages aod
disadvantages, Sodiur ehloride withdreawal from adrenalectomized
rats with subsequent death of the animal is adeguate proof of
adreonl losufficiensy, This fact has beem ubilized by w workers
(34, 36,37 }u a test for complete adrenalestamy, However, this
-mumwmmwgnMemm;u 501w
fieed in terminal experisents, Direct measurement of urinary oF
blood steraids ae carried out by chemiea) (37s37:80,40) blologe
tead aseay nothods{420%3) pove bean ubilised as tests of adrensl
function. These methods often require volumes of material mot obw
tainskle from smmll lsboratory animels and are tiwe cunsuming op
sxtremely detailed, |
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Deereases in the mumber of cireuliting eosinophile and lymphoe
oytes have been accepted as specific for the presence of Snerensed
avounts of adremal cortical m(“"“), In rate and mioe, the
effocts of ACTHLGEIAT) , epinephrinels®69) o epinephrine{50) sng
various other Sypes of stress ngmw(ﬂwmv 53454) have bean found
to canse & fall in susinophils and Lymvhocytes in the intast, but
not in the sdremalsctoained animal, Adrenal funotion tests based
on eosinephil or lywphosyle responssste stress have found wide wo-
suptanast35:35:36)  itncagh this method would appear to be most
suitable, objectlions way bo relsed because factors othor tham
adreral oorticsl hormones have been shown to medify eosinephil
ard lypchoeyte counts, Dumm and Mli(w) have showm that cosinoe
phil response to stress may te modified by puntcthenste deficienclss,
Diornal veriations or handling the animals have been found te aiter
eosinophil and lymchesyte counta’d5:58). sige. 14 w2l be shows
in this thesis ihat ecsinephil and lymphooyte responses to siress,
determined at varying times in the ehronic adrenalectomised rat,
do not represent reliable proof for the presence of accosrory adromal
ticeue, There is need, then, for s simple snd aogurats test for the
presence or absence of Nuetionnl seceseory sdreml tissue, 4 water
tolerance test for puts has been deveioped which fulfilis these rg~
quiresents, This test is bused on the Lnadility of the adrens)
insufficient anieal to handle aduinistered doses of wetber in the
normal menner, This observation wes mede in vater intoxicsticm and
wnter balansce studies on adremalectomised and hypophysectomised



19
animals as reported by Silvette and Britteals?), Swingle, et a1(58),
Geunt and associates’5%:60:81) gng Dumm and 2a114(62), Tne Robinson,,
Keplor, Pover(6?) test for adremsl insufficiency in humans is based
on this prineiple., It will be shoun that the water Jolerance test
is a more senpitive test for adrenal accessory tissue in the chronie
advenalectomized rat than the eosinephil and lymphosyte responges to
stress,.

A study was made of the phosphate fraetions and totsl creatine in
the muscles of adrenalectonised rots with and without glyeoeyamine-
betaine trestaent. Bach adrenalectouised animal ineluded in this
study was water tested two days prior to sscrifise for snalysis. Only
.thnu aninels found to be without a significant amount of eirculating
cortical hormones as definsd by the water tolerance test were ineluded
in the data,



I. Anixa) Bxperieents

Female Sprague Dawley (180 - 250 g.) and Long Evans rats (175-
K60 g.) msintained on & Purins Chow diet were boused in individual
metabolisn cages in a constand t-p-mmnm“:‘tkmzéac,
Spragwe Dawley rete (200 - 250 g.) were used exelusively for detere
minations of the phosphate frections in muscle,

adrenalesteaissd aniuals were prepured An 2 one stage opere
stion iy & retroperitoncal approsclis 5.5 hgs per 100 g. body weight
Bemiuital was given by intreperitonsal icjection. The Rembutal was
diluted to somtain & mg. per ml. in order 1o incresse the scvurasy
in sduinistering the small dosss of ansesthetie required, After 10
mingtes, an ineisien, 6 -~ @ en, long was mede in the dorsal skin sur-
fn«mm«ammmmmm. A second
smaliey incision was mads into the superficlal muscles of the Lask,
about 1 « 1.5 em, below the 13tk vlb and about the sane distanuve laterw
ally from the spinal golunn, and the deop muscles separated Ly blumt
dissection, The adrenal gland ecald weunlly bLe found on the upper pols
of the kidney imbeded in the periremul fet. The adhering tiseuve of
tuam-;mmwmfmmwmamﬁammmm
and separated Ly blunt dissecticn, ALL pessible care wes teken to pre-
vent rupture of the adrensl capsule, A one siiteh deep suilure was taken
to cloze the mwsele ineisicn, mmmmmmmm
same manner, exvept that & slightly lower musele inciaion wos mode, The
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skin was then sutured and the rat given approximately 30,000 units
of peateillin, intresuscular.y, Hate &8s treated did not show synptows
of infecticn and the incisions healed readily, 24 hours after adrenale
ectony, the animals appeared to hove recoversd fully from the effects
of the operstion, The rate were given either 0,51, 0.7%, 1f or 20
sodium ehloride in their drinking water,
B liator Tolopance Tesh

Faintainenge of umnifors feeding sonditicus for the rats is
sssontial to obtain ovnsistent rosults, and resdy acoess to food and
nurwmmnmmwmtmnnmt. Anixals
tvhgimtbsuwtdmmwmmwtwm
moved around 5§ por.g drinking water or saline mot removed), The follow
ing morning, the rets wero weighed and injested TP with warm water (5%
ty body weight), They were then placed in individua) metadolism cages
(#igure IT), without food or water, and the urine eollected over a 5
hour period, The pereent of injeated woter returned in $ bours was
ealoulated acoording to the formmlay

x 100 = ¢ wmater retumed

Uster tests op 10 ehronie adrenalectosized rats wers ren st 1 and
2 week intervals for 10 So 15 weeks, In addition, 20 endvele were
tosted similarly for periods of & to 6§ weeks, ab which tive they were
saerificed for determination of the phosphete fractioms, total erestine
and water oomtert in the smsele,

S Hemgkelogivel Methods
Buplicate ecsinophil, lymphouyte and total white blood eell



Figave IV
Hetabolism Cage for later Tolerance Test
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determinations were made on blood ottained by ecutting off the tip of
the rat tail (discarding the first drop of blood) and bleeding directiy
into a poreelin plate well gontaining scdium oxaletie cryetals (2 drope
of & 1.3% solution enpbratad to dryness), The axalated blood wus
drawn into the diluting pipettes lmmediately after bleeding the rad
because evaporation and seitling of the cells ocourred within a few
seconds causing errors in tihe cell counts, Standard white blood eell
diluting pipettes and improved Brightline Spencer counting charbers
were used for all eell counts. OUare was takean to have all pipettes,
counting chambers and cover slips free of dust or adhering particles
and moisture,,

Eosinophils per cubie millimeter were determined with
Hinlleman'y diduting fluid as givem in the method of Fisher and Fisher
(o), |

0.5 gm yellow eosin

G+5 ml eoneentrated formalin

0.5 mg phenol

Distilled water to make 100 ml.
This diluting fiuid was stered In the refrigeraver and filtered immed.
iately before use, The oxsloted blood wos drawm wp to the 1 merk of
a blood diluting pipette, the tip of the pipette carefilly wiped free
of exsess blood, and Hinkleman's diluting fluid drawn wp to the 11
mark. The pipette was rotated vigorcusly to mix the contents and pre-
vent olumping of the cells. Minimm staining tiwe for the essinophile
ie from 3 to 5 mirmtes, however, as much as 3 to L hours may elapse

witheut eosinephil degenorstion. Priocr to plating the diluted blood
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on the counting chambers, the nipettes were agitated for 2 to 3 sige
ates on 2 mechanical shaker Lo insure uniform disteidution of the
oslls ia the diluting fluid. after thorcugh mixing, the pipettes
ware rewoved from the shaler, about ane thivd of the cuntents of
the vipeiie disssrdad, the tip wiped free of excess fluld and the
connting cheaber earefully filled., The wuspensicn wae replated if
the fluid ran over {utc the troughs of the chanher, After a fow min-
utes to allow for the settling of Lhe oells, Lie osils in the total
ruled eres of 9 g, mm, wozﬁ counted. Ths large granules of the
eosinophils were deeply staived snd refractile and cculd be easily
seer vilk the Low power lens, However, scee gells of the polymornhoe
nuelear neutrophll seriss contained gramules that absorbed the stein
and resesbied eosinenhiis, Jlfferentistion of the two 4ypss of cells
was made wiih the high pover lems by the eparse occurrence and sssller
size of the granules of the seguented newtrephile. Also, certain
artifacts were engountersd thst reswired identificstion with the higher
magnification, Hed blood cells were lysed by ihe hypertomie dilutiag
m .

The munter of evaingphils per cuble millizeter was found by sultie
plying the mumber of cells found in the 9 ®q. mm, @res by the factor
11.1. This factor is derived frow the fallowing fovwala:

Colls/cu.om, = kg, of sells counted x ﬁ—“m
in 9 g, wm, 2ren x
‘ m\m of connbe
chauieyp

Depth of the counting chamber is 0,1 =m and the dllution is AD,
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- kupchogyie Cownks
Ciroulating lymphoeytes were determined by two methods. Une
was the standard indirect method of determining the total mumber of
white blood u:!.is per eu. mm. and then ealeulating the absclute mumbey
of lymphoeytes from a stalned smesy differential count., The second
mothod was a new technigue by which lymphosytes are stained and ecunted
directly frem & wet mount propevation. A modificstion of Grosnthal's
statn(®%) wog made and used as the diluting f1uid.
0,01 gn erystal violet
0,10 gm methylene blue
DistiLiod water S0 make 100 nl.
This stock solution was filtered and diluted 1 to 10 with 5% acetie
acid. Oxslated tail blocvd was drawn up %o the 0.5 mark of a white
ecell pipette and the diluted Ureenthal's stain drawn to $he 1) mark,
The procedure was then similar to the method of sounting eosinephils
| with the axgeption that the cells in an area of 4 sg. m». were counted.

~ The nuvelel of the white blocd cells stain a deep blue and different-

iation between the moncpuslear and polymuclear cells is possible. The
total number of stained cells and the mmber of monomuelear cells were
determined, The total momonuclear (lymphogytes) and total white hlood
gells per en. mm, are determimed by the caleulation:
Celle/su.um. = no, of cells counted X § X 20
3 1‘3 & Qq' ¥l 4& x 41» .

Because the wet wount method of aaunting» sireulating lmhmml
is & new teechnigue, somparison was mede betwesn this method and the
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standard indirect wethod., 7Total white blood cells ware determined
with 5% awhs.c acid as the dumt and the counting technigue was
: mwsmu:m.mtmtmmmmm BElood
smoars were trested with Wright's stain and s differential count
made to determine the percent lymphooytes, Values for the two methods
are givea in Table X, |

Iadle I

Cemparison of Direct and Indirect Methods for Counting Tetal
White Hlood Cells and Lymphocytes in Sprague Dawley Rate

Average Average Differ-
Absclute Counts ence Eetween

T Ne, of Direst Indirect mmu«zﬂ »?
Lounts -

White Blood 22 20,900 21,700 Thk 2290002 146 >.10

Lymphocytes 14 15,300 15,100 2282 1890 48 210

- - . e
1 Standard Deviation of the Difference
2 Calculated on the Basis of Paired Observations

There was no statistical difference between the counts as determined
by the direct and indirect methoda, The diveet method was adopted
for lymphoeyte gounta becsuse the one step procedure wss considered



wore satisfactory than the indirect two step method of white eell
gount and differentiasl determinatioca.

2o Lhhor Sirese fesk

Ether airess wee sdministersd to the rate ss & mebhud of
inducing & fail in oirculsving eosinophiis and lysphocytes, Blood
gounts were xade ou Suntrol v sdrenslectomiszed rate between ¥ and
10 842,) stress was sdninistered and the cownts repested in 4 hours,
The etber stress coraisted of placing the rat in & covered glase
Jar conteining & cotien pad sntureted with ether until marked changes
in the apiwal's respiration veourred. The rat was then guickly
renoved and atlowed (o recower unbil it becuse asbulsiory, This stress
procedurs was lumediatoly repeated twice in order to effect decreases
in eosimuphiis ard iymphogyies that wowld be reproducible.

E, Giveocvapine-letaine idministeeticn
200 mg, glyeocoyamine and 866 mg. hetaine wore mined in 40 mi

of water, Approximstely 1 wl. of this suspension {ecntaining about
b mg, glycoeyamine and 20 mg. betaine) per 100 g, bedy weight wee
administered by stomach tube 3 hours before the muecle samples were
taken,

Il Eremarebion of Muscle Samples for joalymls

Eats were anesthetized by the intreperitonesl injeciion of &
Hembutal solution containing 6 mg/wl in & dosage of 7,5 mg/100 g, body
welght, Complete relaxstion of the musolee usuelly occurred in )0
wimuies, The animals were watohed carefully for irregularity of
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breathing and signe of anoxis as indicated by blusness about the
moubh and tongue, If anoxls was evident, the animsl wae discarded.
Bome mste wevs resistant to Nenbotal and were given additional
smounte of the anssthetls by loiravemous or intrape rg.tml injuction,
The dkin above ihe lewer lop Juint wer pulled mvay frop the upderlying
tisoue pod disesated free with & miniwom of trawma and bloeding, An
ingloion in the skin was pade %o the gratn along bhe insida of the leg,
The rat wes diapered with wubher shesting %o dsercase feesl or urirary
gontzmination and an snehor string wap attached ¢o the lege Tue akin
wag pulled bashk and the Jeg placed lowedlately on o dry loe and asetome
bod, and sie=oltaneonsly the leg was i lod stenight by the string and
CO.-acekone mixture poured sver 1t (Plite 1). The leg was packed in
dry 10¢ and seetsone and allowed o [reene f:;t‘ L minutes {P}.&h ).
Tuo cperators are required In ihie srocedure to lnsire waxisuw speed,
After 4 uinules, the leg wae eut off wilh ohillsd bone shears, wrappsd
$5 alvednsn fol) and stored in dry loe. Crdinury deep freese teapere
tures will pot prevent deterierotion of the liblle phosphete fractions,
At tempevatures belew ~A0%, howsver, it was descustrated that tissues
nay be held for as long as two woeks without change In the phosphate
fractions,

4% the time of anslysis, the lower leg joiot was vemoved and the
back part of the leg muscle ssparated from the boue with chilled bome
shears. The outer layer of muoele was trimmed sway and the muscle
cut in half horisontally; dupliecste sasples wers taken from the lower
half, The uppsr porbion was unsuiiable for analyols besause of & deep



Flate I

Position of the rat leg on the bed of dry foe
and sostane immediately before additiomal dyy
ice and acotone mixture was poured over it from
the beaker. Note the string attached to the leg
mum«mw{mmmmnm
leg i placed on the bed and freesing mixture
poured,






Plate IX

The rat leg, packed in dry ice and acetonme and
wolghted with a beaker partially filled with the
freesing mintnre, Four minutes were allowed
for thorough freesing of the leg,
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2% pad, indistinguishable from muscle in the frosen state, Sanples
from this sres bave beoem found to be diluted with fat, Contamination
of the mawpler with bome fraercents also sauses inuceurste rosulis, |
During the sbove procedvve, the mmsele wns kont sslidly frozen.

Round bottomed 15 ml, centrifuge tules, containing 2 =l. of 10K
trichiorcacetic acld (T0A), and fitted with rubber stoppers were
paoked in orushed dry ios for ten minutes, The bubes wero wipsd free
of adhering modsture, quickly weighed and then repacked in dry ice,
Tierues were sifced with an appuratus illustrated in Flate IXI. This
consisted of & metal piate fitted with & movelle plece of angled
alomirem plaged on & coutainer partiaily filled with dry ice. The
weighed tubtes wers junseried timrough the hule in the plate sond rested
an the dry ice, The musele sample was held through an ovening in
the ehliled angled aluadoum and appreximately 100 - 200 mg. samples
sliced with a resopr blade directly imto the mouth of the tube because
even hrief contact with the sir caused eondemsation of meisture wn
the thin tiseue slives. adhering pisces of Lissue were wiped frus the
mouth and sidss of the tubs with filter paper, the stoppers replaced
and the tubes repacked in dry ioe for a few mimicer, The tubes wore
quickly vewsighed and replaced im dry ice. Uluring the entire slising
prosadurs, all precautions were teken to keep the tissue sawple crispe
1y fropen, Poiling water baiths and steam stille were nob operated
doring the tiws when the tlssues were asliced and welghed as moisture
condenged on the frosen tissue and chilled tubes and csused serious

welghing arprors,



Plate 111

Nlustration of technicue and equipment for
slieing the frosen tissue. The tissus was held
through an opening in the chilled aluminum
angle, end sliced directly into the mouth of
the weighed tube eontaining the froszem TCA,
This tube had been previcualy inserted through
thchql&lnmutulphumdm-lmaw
ped dry ice, The weighed tube was kept in a con~
tainer of dry ice (at the left) until it wus
placed in the slieing apparatus, Bone shears
used to cut and trim the tissue were chilled
with dry lce,






The wolghed frozen tissue was then tritursted with & footed
gaes rod after molstening the tissue with 3 drops of cold 108 TCA.
Vhen a1l the tissus hed teen partially breken up and appeared thor-
oughly wet, i1t was worked up the side of tle tubs with the rod sond
refrosen, With a segond triiuration, the frowven tlssve wes pulverised,
The glass rod was rinsed with 8 ml, of 10f 104 (rdnus 3 drops), malking
& botad voluse of 10 wl. The rubbsr tloppers were replaced and the
tissue homogenates were frosen and thawed three times with intermdt-
tent shaking to insure rupture of cell membyanes. About 10 minutes
ware allowed for this process, The tub®® were placed in an angle
centrifuge and spum at 13002000 RPY for 2 or 3 minutes, the super-
natant fludd filtered through Whatmen #42 filter paper into tubes
resting in dry ice., The filirste ues used for the determination of
incrganic phosphate, orestine phosphate, ADP + ATP, and total oreatine.

LY, Chemicsl Determinations
4. Inorganig Phosphate
Precipitation of inorganic phosphate was carried out acoording
to the wethod of Fiske and :E»ut:arrm“‘).
Reagente:
(1) Calcium chloride reagent, I1O0F Calsium c¢hloride (13.3 gm.
CaCl,+2H,0 in 100 ml, distillod water) satursted with calciwm
hydraxide,
(2) 207 ¥eOH, § go. MaOM 4n 25 ml, distilled water. DMNade fresh
every two wesks and stored in s peraffin lined bottle to prevent
#ilicate contamination from the glass,



{3) 1oL Trichlcrocacetic asld
{h}) rresciphthaleln lodlsatar, 1 go. phebodpitisalein im
150 nl, of 237 adeodels |

Method: Thres xl. aliquots of each aarple of flltiuie, pipstted
irmediately upon thawing of the frosen filtrote, were placed im 15
xl, gredusted centvifugy tubes, and 308 NeO added fres & cepiilary
dropper until the filtrate was allelire to phemolphtheledn (1 dvop
of the indicator to cach tubs). Ths soluticn was ihon baek Sitrated
with 108 704 watdl & Maht plak soler was oblained. 4 Wiank containe
ing 3 wl. of J0f TCA wan oot up snd treated in the sase way as e
filtrate. After neutralisatien, 1 ml, of 100 eslelun chioride reagent
wes added and the sldes of dhe tubes pubbed with glase rods to inttiate
precipitation of the trus inorgenie rhosphote, s cresling phosphate
resaining in solutiw., Decause the onlelus salt of LTP, formed wnder
the ponditions of this deternimaticn, begine to detericrete after )0
minutes, Liversting izerganie phosphate inte the solution, Lde samples
wore allowed to stand exactly 10 sinutes when the glass rods were
pinsed down with distilisd water and rescved, The tubes were vemitrie
fuged st 3000 BVN for 4 pinutes, carefully decanted and the precipitate
woshed with 4 wl. of distiiled water acd L al. of the onlefus chloride
peagent, The ssugpled were recectrifuged and drained a ssoond tioe,
The imceganic phosphats precipitate was disselved in 2 =i, of 108
104, distilled water added S0 wake 10 ml. and the phosphste comtent
detesmined by the Quuori sethod to be descrided,



B, Creatims Fhogohate
The difference between the true inorganie phosphate pre-

eipitated by caleium, and the phosphate found in the TCA filtrate
was taken as creatine phosphate phosphorus. Two ml. aliguots of the
filtrates and 2 ml. of 10{ TCA for a blenk were pipetted inte 15 ml.
- graduated centrifuge tubes, made up to 10 ml, with distilled water,
and the phesphorus econtent determined,

fs AR _ATR
The adenceins diphoaphate plus adenosine triphosphate frastion

of the TCA filtrate was found by determining the phosphate present
after a 7 minute hydrolysis (1009 inm 1 ¥ HOL) and then subtrscting
from this value, the amount of phosphate found in the TCA filtrates.
One ml, sliquote of the eamples and 1 ml, of 108 TCA for a blank
ware pipetted into 15 ml. greduated centrifuge tubes, C.2 ml, conocen=
trated hydrochloric acid added to each, and the velume made to 2.5 ml,
with distilled water, The tubes were covered with marbles, placed
in & boiling water bath for 7 winutes, and then cooled in rumning
tap water. The volume wes adjusted to 10 ml. with distilled water
and the phosphate content determined.

B _Detersinatien of Phosshate
Phosphate determination was aceording to the method of

ﬂmuri(“),
Boagents: ‘
(1) Molybdie-sulfurie reagent. Hix 2 volumes of a $f solution
of sodium molybdate (la,lio0) *2H,0), 1 volums of 10 ¥ sulfurie
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agid and 1 volume of distilled wstor.
- {2) Reducing solution, 1 g. Elem {(p-wethylaminophencl sulfate)
in 100 ml, of & 3% sol tden of scdium Bisulfite, |

Methedt 2.5 ml. of molybdic-sulfuric aeid reagent and 1 i,
of reducing solution were added to each tube containing 10 ml, of
mmammmamm.’mmMWu
15 w1, with distilled water, the tobes fitted with rubber stoppers
and thoroughly wixed by inversion, Meximum optlcal density of the
solution was reached in 45 minutes and wes stable for a total of 90
nimutes from the tine utﬁ:d.ns. mummm transferred to
19 sm. cuvettes and read in the Coleman Junior Spectrophotometer at
690 my. Each set of sapples was read with ite respective blani set
at 1008 trensmission, The mg. of phosphorus wee determined from a
salidraticn curve meds with KHgPQ,, Complete adherence to Beer's law
was found in concentrations of 0,005 to 0.08 mg. of phosphorus,.

Calevlationt Mg, phespherus in sample 2_#_ X Tnﬂ_
| e s ueed

=z =g, F/L0C gm,
tissue

By Szeatine Retempination
The 3,5-dinitrobensole acid sethod of Langley and Bvens(67)
for detersining urine crestine was modified for deternination of
tissue crestine, The Lengley and Bvens method is bLased on the prine
eiple that erestinine, when trected with the sodium salt of 3,5-dinitre-
bensoie acid inm slisline solution, produses a garmet red color {(Bollie
ger resction), which is proportional to the amcunt of ereatimine present,
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Crectine was converted to creatinine by heating with seid and the
amount of chromogen present was taken as the ¢reatine content, The
ereatinine content of the muscle was included inm the total crecztine
velues since it was found that the creatinine content 1s relatively
very small, v
- The Langley and Evans method of determining creatine was selscted
in preference to the Jaffe ploric acid method(8®), pecause 1t was
found that glyeocyamine will react in the Jaffe method to produce
eolor and interfere with the determimation of creatine plus creztinine.
8ince glyeocyamine was to be given as a test substance, it was consider-
ed essential that the mothod for determination of creatime in the musele
show no resction with glysoeyamine. When glysosyamine was added &o
| standard ercatinine solutions in concentrations 5 times higher than
that of the standard solutioms (from 0,01 te 0.09 mg. creatinine) and
the determinations carried out by the methods of Jaffe and Langley and
Evans, the 3«5-dinitrobenzoic avid reagent did !ta% react significantly
with the added glyeocyamine, that is, the standard solutions with
glyeocyamine did not show additional shromogen present. With the Jaffe
wethod, however, the addition of glyeceyamine raised the reading of the
standard solutions, demonstrating the non-specificity ef the picrie secid

resgent for creatinine,

Reagents: _ :

(1) 3,9%-dinitrobenzoic aeid reagent. 25 ml., of 10¢ aguecus
soletion of 533603 {anhydrous) mas added §1wl\y with constant
stirping to 10 g. 3,5-dinitrobenzoic aoid, 75 ml. distilled
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water was added, 'md the mixture heated just te beiling to
dissolve the solids, A @tisfactmry gsolution had a pale yellow
golor with no tinge of red or brown and showed no increase in
eclor thn 0,8 ml, of the reagent, 2 ml, distilled water and C.4
ml, 1 H N20H were mixed, Recrystallization from 80% alechel
according to the method of lLangley and Evazm(é?) may be necessary
with impure dinitrcbensoiec acid. Fastman Kodak Company 3,5-dinitro-
benzole acld has been found satisfactory,

(2) 3 N NaOH

(3) 15 HCL

(k) 108 TCA |

(3) Stoek standard ereatinine solution (10 mg. ereatinine/l ml.,
in 0.1 ¥ HC1). Dilute working standsrds (0,01 and 0.0k mg/ul

in 0.1 ¥ HC1).

?ramrat;m 6f Calibration Curve

Aliquots of standsrd solutions containing from 0,01 to .08 mg.
ereatinine were pipetted into test tubes calibrated at 15 ml., 1 ml,
of 107 TCA and 0.4 ml, 1 N HCl were added and the volume adjusted to
3 ml, with distilied water, 4 blank was pmpafed containing 1 =i. 108
TCA and C.4 ml. 1 N HOL and diluted to 3 ml. ﬂitﬁ water. The tubes
were covered with aluminum foil, heated in a pressure cooker for AC
minutes at 15 to 20 lbe. pressure and then cooled in running tap water,
8ix drops 3 W NaOH were added from a dropper calibrated to deliver 35 -
40 drops per ml., and the volume adjusted te 10 ml, with distilled
water, Three ml. of dinitrobenzoic acid reagent and O.4 ml, 3 N NaOH
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were added, the final volume was made to 15 ml. and the tubes mixed
thoroughly and the solutions wers transferred to 19 mm. cuvettes,
Bagause the color reaction is light sensitive, 7 to 10 minutes in the
dark at room temperature were allowed for full color development. The
solutions were read in the Coleman Junior Spectrophotometsr at 495 mu,
the cuvettes being kept in a covered box dwring the reading process,
The color developed was stable for 3 = 5 minutes at 't.he congentration
of alkald described sbove, Toc rapid color development ocourred with
higher concentrations of MaOH and with toe litile alkall the coler
development was slower and not proportional to the creatinine content,
Recoveries of known amounts of crestine averaged 100% for 9 determin-
ations (range 96 - 107%).

Determination of Crestine in Musele Filtrates

One ml. of the TCA filtrate prepared for the phosphate deter-
minations and 1 mi., 10¥ TCA for a blank were pipetted into test tubes
graduated at 15 ml,, 0.4 ml, 1 N HCl was added and the procedure
described above for the calibration curve carried cut. Because of the
sensitivity of the color reaction with the dinitrobensoic acid reagent,
known solutions of creatinine were rum with each tissue determination

to check against the calibration curve,

Calgulation:
Mg. creatinine g x X 1.16
in sample Tiseue weight ﬁ?ﬂ:

in granms brate uped

== mg. oreatine/100g, tissue
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The color intensities of the sclutions wers dependent upon the
congentrations of the 3,5~dinitwobensole acid. 4 decresse in teme
perature canses & decresse in the amount held in solution and &
consequent lower reading in standard solution values. This veriation
was gontrolled by gently warming the resgent to redissolve any pre-
eipitate, | '

L. Py delshte
After the two tiseue sauples hed been sliced and analysed,

the remaining muscle of ths rat leg was thawed in the aluminum foil
wrappings, Fat and fasciae were removed, and the muscle tissue out
in e=all pleces and dried to constant weight (25 hours at 90%).

X 100 e FPercent Dyy Weight




BESULYS AND DISCUSSION
I. Yater Iglerance Tesis
Water tclerance tests administered to 33 contrel Spreague Dewdley
rats geve volues (Table II) frum 57 to 1107 with o mean at 17 and
a standard deviation of 13,0, Frum thess control figures, the liwits

Table IX

Comparison of Water Tolerance Values in Control Sprague Dawley and
Long Evans Bats

b} Kean & | 4
Sprague Davley 3 0.0 2,26 3.57 {008

T STz

¥ Standard Brrer
of the positive water toleranve tost were set as 42 to 1207 (81 I3

times the standard deviation 12.0). 4 positive test for the presence
of funeticning adremal oortiecsl tissuwe is indieated by a retumm of A2
or more of injested water, and values of AlE or less water return are
oconsidered negative., There appears to be & significent species wvarize
tiom to the wster telsrance teost. Table II shows that 13 contrel Leng
Evans rats gave water tolerance test values aversging 6771 (remge 48 to
91%)e The difference in water return values between the Sprague Dsvlay
and Long Uvans rate was found to be statistically signifisant P <,C035,
Becsuse of this species varistion and the possible influence of sther
factors, it is ovident that the limits of the water tolerance test as

obtained from experimente with rats in this study apply only to Sprague
Dawley animals saintained under comditions similar to those deseribed.
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In erder to establish the validity of the wnter tolerance test
for the presence or absense of sccessory adrenal tiseve, a comparisen
wer made of the resulits of the weter teet bafore and after adrenalec-
tomy with accepted methods of detecting eirevlating eortiecsl hormones,
For reasons proviously cited, the methods selected for the comparisom
were the scsinophil and lymphocyte respomses to stress, & method of
indueing stress in the rats wae needed to cause significant and come
ristent desreases in the levele of eirculating cosinophils and lympho=
eytes in intact animels, Various stress procedures were tried such ae
injection of hypertonic saline, intermittent clectric shoek, and tossing
the animals in the alr, These methods were rejected becsuse they did
not produce sufficient otress or because they were teehnicslly unsuite
abls, | |

ACTH sdminietration bas been shown to decrease the levels of elre
eulating ecsinephils in intaet rais presumably by stimulation of the
adrenzls to produce ineressed secretion of cortical hormones., Intra-
muscular injecticns of ACTH (7 to 10 units) caused decreases im btlood
eosinophils in 9 of 10 animals, (Table X7I). The percent change 4 hours
after ACTH administration renged from +48 te a -50. me{a} hasg
suggested that ACTH given intremmseulsrly may be partislly insetivated
during the absorption process. In addition, certain preparaticns of
ACTH have shoum assay valuee below the stated unit ‘m(?@)‘ There-
fore, intrecaprdial, and intravenous injections of ACTH, assayed by the
Vitamin C method, were given to twe serios of rate. khem ACTH was ade
ministered intracardially the percent change in eosinophils ranged from
+28 %0 ~76, and vhen given intrevencusly, from +85 to -83, (Teble IIX).
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Bther stress produced decrcasss in circulating eosinophils that were
comparable to those caused by ACTH administration (Table V, ecolumn 5}.
Beeause of the riek invelved im the imtrecardial injectidns and the
neeesaity of ruling out those animels in which the inmtravenous injeo-
tiens were not completely satisfastory, the ether stress method was
adopted for subsequent itests,

. In order to define the limits of the variastion in sosinophil
counts csused by indeterminste sources of error such as diumal varia-
tien, clinteal condition of the animals and tectnicue of cousting the
vells, repest determinations of the response to ether streus were made
 within 1 to 3 woelks, The ecsinophil N&mwﬁhﬂ'wr«« in the
individual rats showed wide vardability, Rets 2, 5, and & (Table IV)
wepe apparently resistant to the standard stres»s conditions and showed
& low grade response to siress, Hats 7, &, and § exhibited a greater
degree of eosinoponia. However, the individeal rat showed 2 rather cone
sistent rospomse to stress, the difference betwean the two superizemts
being 2o 236

mr:m(m Bave regarded the lympho=

¢yte response to stress a eriterion of adremal cortical setivity. However,
Table IV showe that there is grester variation in lymphocyte counts
{© - 41%) in the individusl rat on repost exposures to stress than in
the eosinophil counts. Winters et d‘n} in studying eosinophil and
lymphoeyte responses te epinephrine and ACTH in pantethenate doficliemecies,
concluded that the lymphocyte determinations were less reliable than the
eosinophil counts, and sugpested that poscible defects in techniiue in
comting the lymphocytes (indireet method) might be respansidle for
their apparent lack of semsitivity to stress. In the work reported in

and Elmadjlan and ?km{“)
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this thesis, even with o direck method of zowmiing the lyuphooyics, ithe
same lack of sensitivity wes encountered,

Hatg usad in Lhe compariscn stwly wers selseted on the bastis of
tholx m&iuog&nim response to ather abress. Oaly those snimals were
insluded in this study whese initisl sosincpenia was 208 or greatey
{ene rat with an initial response of 17 was inclwded). This procedure
insured that the chenges in cosinophils and lyuphoaytes produced by
the stress would bs suffisiently bigh to show significance above the
changes esused by techniqus, diuresd variation, ote. The seresning
of mis according to cosinopenic response to stress has been reported
by Heming, Sax snd Rolthenp'") oy o soane of ineroasing the scasitivity
of thelr sssay procedures. ngadm} have reported s siwdlar
proosdure in which adrenslsctumised mice were solested for stercid
bivassay on the basia of eosinophil response to ACTH,

- The raselte of & comparison of water tolerance test values with
eirculating eesinophil and lysphosyts response to stress before and 1 to
3 woeks following bilateml sdrenslestomy sre given in Table V. This
tablo shows & desrease in wster return fellowing adremalectcwy in overy
instanee, 52 to YOI leon water being returmed. The aversge walues for
wter returned wore 78,77 beforv and G.7% after adremaloctowy. The fall
ummhpmmemmmm—nmww
an average ingrease in cosinophile of 7/ posteadresalsotomy. Varistioam
in the individual rats before and after adrenclectomy ranged Ivom 46 to
2078 (rabs 3 and 10) vith s nean at L1A%, Theee changes sre evidently
of a greater magnitude tham those found in repveat experimsnts oo § rate
{renge Z to 237, mean 11} Table IV.
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There iz also an increase in the absolute nupber of eosinophils
fellowing adrenslectomy. However, inspection of the values on indi-
vidual enimals shows that the imeresse is not consistent in cach animsl
and therefors, the comparisen of absclute sosinophil ecunts before
and after adrenalectomy inm a single rat iz of mo value per se in deter-
mining the presenge or absence of cortieal hormomes. The lyuphooyte
response Lo stress before and after adrenslectony did mot show coneistent
change {(Table V),

Water tolerance tests were givem to 30 chronic adrenalectomdzed rats
for periods of 4 %o 15 weeks at 1 or 2 week interwsls. Figure V shows
the water tolerance tests of a typlcal chronic adremalestonized.rat,

It can be seen that the precperstive comirol value of 827 fell immediately
after adrenclectomy and remained bo&w‘the positive water toleranee

- 1imite of 427 during the 12 week period. Uith ome exseptiom (37% retum),
water tolerance test values below 315 were comsistent in all chronie
adremalsctomised animals that did not revert., The presence of accessory
adrenal tissue wae indicated in the individusl rat ty tolerance tests of
58 to 117, Reversion (ss indicated bty 2 or more conseeutive positive
water tolerance tests) occurred in 12 operated rats 3 to 9 weeks after
m. This figure does not represent all of the possible re-
versims as 20 of the rats were followed for periods of oaly 4 to & weeks
and agocessory adrenal tissué might have ocourred in sewe of these animals
had they besn followed for longer periods of time,

Upon establishing the presenee of assessory tissue, the rat was re-
oparated, by an abdesdinal approach, the accessory tissus removed, and
positive identification of the tissue made by histolericsl examinatiom,



Pigare V

Vater tolerance tests of & typioal chronic
adrenalectomised rat followed at 1 and 2
woek intervals for 12 weeks.
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The asocsasory glands were otserved om the dorssl peritomeal wall between
the kidney and the diaphragm and occasienally on the aorta in the same
ares. Uater tolerence test values for & typicel tilaterel adrenalece
tomized, reveried, and recperatsd animal are indiested in Figure VI,
Thie graph shows that 3 weeks after adremalectamy, three positive water
tests were obtained (995, 58¢ and 78%). ifter removal of accessory
tissue on reoperation, the water telerance tests were then megative for
four eonsecutive weeks, Four rats survived recperation end were followed
for 5 te & weeks, During this period four water tolsrance tests were
given each rat and the highest value found was 297 water returned., All
rats that died or were sacrificed for analysis were autopsied for accese
sory adrenal tissue, Ho adremal tissue was found in rata showing nega-
 tive water tests, vhereas adremal tissue was alweys found in amimals with
positive teste,

In three adrenslectomized rets, positive water tolerance tests were
followed hyy 1 to 3} weeks of negative teste, In each case, full reversion
occurred after that tire., The appearmnee of a single positive water test
smst be takem, therefore, as an mu;um of impending reveprsion, Figure
VII shows the water tolsrance tests of & typical animal of this type,
in which a positive test was indicated 4 weeks after adremalectomy (42%),
This was followed by two negative tests, (0!,6 and 85), However, reversion
was ostablished by the next three positive tolerance tests, {69%, 971 and
93%). |

The retention of cortical hornome effects for pericds of 1 to 7 duye
i’ﬂlﬂing adrenalectomy bas besn suggested by experiments o8 water diuresis

by Caunt and his umum(&) (75) « A conparison of water telerencs



Pigure VI

Water tolerance tests of a typleal chronis
adrenalectomized rat that reverted ) weeks
postadrenalectouy as irdicated by the 3
positive water tests, Upon reoparstiom,

the next b water tclersnce tests were negative,
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Figure VII

Showing that the appesrance of a single positive
water tolerance test, when followed by 1 - 3
wookks of negative tests is an indication of imw
pending reversien,



Ho O RETURNED OVER A 5 HOUR PER/IOD

V4

100

90

80

70

60

50

40

30

20

Water load X
5% body weight IP \x
Died on
Reoperation

)

adrenal
ectomized



a3

tests in the comtrol rat and im the 4 and 10-day postadrenslectomised
animal (Table VI) shows that 11 of the 12 iwday rate bad a higher rate
of exeretion than the 10-day animals, Four of the 12 wate tested om the
Lth day after operation showed values in the oomtrol range miuung
the presence of the effects of cortical hormomes, These rats tested 10
days postoperatively geve water tests indicating the absence of funetione |
ing adrensl tisewe, Impending reversion is not necessarily indicated
by & high b-dey test because J weeks later the water retumm may be below
308, Therefore, the reliability of results on the adrenalectomismed rat
aamwmmrmummmxmuymmum because
the animal may not be completely deficient in the effects of adremal
ecortical hormones,

Wlm.w z-ivmm to strese were found to be of
no vulue mwﬁhmﬂlmdlmrym
tissue in the ehremio sdresslevtonised animel, Dum and 8211847 pave
found thst in S-day postadremalectomised rats, the imjection of ACTH
(20/100g) eaused both imereases mmﬁ.htmm ef eirculating
eosinophils, Also, these workers noted that the injection of cortisone
(2mg/200g) to 17-day postadremalectomised rats caused an increase of ¢ire
eulating eosinophils in 2 of 13 rats, rather than the expected decrease,
Padswer and Gordon’ ") have reported an wexplained rise in peripheral
eosinophils in 2 of 1) adrencloctomised rats given cortisome, In the
chrenie adremalectomised rate in this study, ecsimophil response to stress
deternined st varying tises from 2 to 12 weeks postoperatively gemerally
correlated te the water telerance test resulis, that is, cosinophbilia
uas wsnally found when the water tests were negative, However, in those



Table ¥1
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rats in which the weter tolerance test indicated impending or complete
reversion, the eceinophil test often failed to detect the presence of
sccessory tissue, As found in previcus experiments, the lymphocyte res-
ponse again was loss reliable than the ecsinephil response. From these
cbasrvations, it appears that the water tolerance test is s wore sensi-
tive method of detecting the presence of cireulating cortiecsl hormones
than are the ¢osinophil and lymphoeyte responses to stress. A4ilthough no
comparison was nade between the water tolersnce test and the mortality
following salt withdrawel methed, & poor correlaticn between the two methods
might be found, The withdrawal of salt constitutes a major stress to the
rat and the presence of meall amounts of cortical hormones secroted by
the regenerating tissue might not be sufficient to maintain electrclyte
balsnee. As a comsequence, the snimel dles, presumsbly showing the absence
of accessory adrensl tissue., Furthermore, the appearance of a single posiw
tive water tolerance test followed by 2 or 3 megative tests(Figure VII)
is suggestive of intermittent production of corticszl hormones. This may
also accomnt for the erratic responses of =zosinophils and lymphocytes te
stress agents in the chronie sdrenslectomized ret,

iI. Fhopphate Iragtioms and Creabime ip Hmscls Iissue of Adrenalectomised
snd Contrel Bate.

Having established the walidity of the water tolerance test for the
presence or sbsence of functicning adrenal eortical tissue, two series of
adrenalectomized animals were prepared, Ome group of 16 adremslectomised
rats served as a eontrol series, A second series of 1l adrenalectomized
rats was given glyecocyamine plus betaine, Al of ﬂ- adrenalectomized
rats wers found to be without the effects of circulating cortical hermones
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ag indicated by the water tolerance test at the time of analyeis. A
third series of animals consisted of 43 control intact rats which
were analysed before, during and after the mﬂeetm“d rats,

The results of the andlyses of muscle tissve from the k3 intact
rets are given in Table VII. The average values found werer inorpane
ic phosphate==23.1 mg £ P, creatine phosphate--69.1 mg % P, adencsine
diphoephate + adenosine triphosphate~-lil.6 mg % P, crestine--il0.8 mg %,
and the pereent creatine bound as erestine phosphate-~67.0%.

Ta‘ble‘ VII also shows the results of the analyses of the 16 adrenal-
ectomized rats. The following average values were found: imorgemlc
phosphate=--2l48 mg £ P, croatine phosphaw-ﬂa.? ng & Py ADPHATPue
k0.8 mg § P, crostine--l28 mz ¥, and pervent bound crsetine 6h.1%.
Because the tissues of adrenslectonized rats were slightly hydrated,
all the valueg for adrenslectomized rat tissue piven were corvected on
the basis of the control dry weirht of 2L.h%. Attempts were made to
control the musele hydration by varying concentretions of Nall in the
animal's drinking water. Upon decressing the saline to 0.7% and 0.5%,
the hydration bepame move severe. 2% saline did not improve the
hydration more than did the 1% s=line and therefore the 1% saline was
provided to the adrvenalectomised vats, |

A ecompurison of the intact control rats and t}zg Adreml‘ec‘bmﬂ.ud
control rats is made in Table VII. From this table, it can be seen that
adrenalectomy causes a significant decrease of the creatine phosphate
{luls mg £ P) helow that of the contral value. There is no difference
in the inorgenic phosphate, ADPSATP, totel crestine values and per-



Teble VIX

A Comparigen of the iversge Values for Incrganic Fhosphate
Creatine Fhosphete, Adencaine Diphogphate plus Adenosine
Uroatine and Percent Crestine Bound g5 Creatire Phosphets in the
Husele of Intact Conteol flate and Adrenslectemised Control Hate

Inttiot Ldreralectomined '
ventrol. Gantrol 4

Ho, of Rate L3 )
sande Phogphate “3.h £ 04" 208 & 0.5 Sel
(mg P / 200 g)

Ureatine Phosphate 69.1 £ 0,6 6haT £ 141 {005
(=g P /200 g)

AP 4 4%P L6 2 0,5 0.8 & 1.5 pI* §
{mg ? /100 g)

Greatine Wi0.8 3 5.2% 428,03 8,0° sol
{mz / 300 )

£ lound Creatine 67.0 0.8 6l g 1.0 St

®  Suendard Do
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eent bound ereatine,

Table VIII shows the results of analysis of the 1l adrenalectomized
rate given glycocyamine and betaines Inorganie phosphate--21.4 mg % P,
¢reatine phosphate~-69.5 mg % P, ADP+ATP=-43.1 mg % P, total ereatine
-=h2] mg %, percent bound creatine 69,8 £. The results for the
glycocyamine-bataine treated adrenalectomized rats are campared to the
values on the adrenalectomized control rats in Table VIII, This table
ghows that the administration of glycocyamine plus betaine caused &
gignificant rise in the creatine phosphate level in the nmsaia of the
admulaétmimd rat (6L.7 to 69.5 mg ¥ P). The difference in inorganic
phosphate found between the adrenalectomized control and the adrenale
ectomized trested rats does not necessarily indicate a difference between
- the two series of animals, Right of the 1l glycocyamine treated rats
were killed during the months of December, January and February, wheress
enly 5 of the 16 adrenalectomized control series were killed during this
same period., When the intact control rate are similarly divided, the
13 inorganiec phosphate values for the winter menths are significantly
. lower than the 30 inerganic phosphate values determined over a 2 year
period, winter months excepted, P(,005., However, creatine phosphate
levels did not show such a seasonal variation P).1. Therefore, a
difference in inorganic phosphate levels as indicated im Table VIiII
can be explained on the baslis of poesible seasonal varistion. There
was no difference in the total ereatine levels »csr the two series of
animels, (428 mg ¥ adrenslestomized contrel and 421 mg ¥ adremal-
ectomized treated). There was no change in ADP+ATP, and percent bound
ereatine levels, It seems probable that the higher levels of CrP found
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Table VIII

A Comparison of the Average Values for Inorganic Phosphate,
Creatina Fhosphate, Adenosine Diphosphate plus Adenosine Triphosphate,
Creatine and Peroenb Creatine Bound ap Oreatine Phosphate in the
Muscle of Adrenalectomized Control Rats and Adrenalectomimed
Rats Given Glycocyamine-Betaine

Adrenal ectomised Adrenalectomized +

Control Glycecyamine-Betaine F

Inorganic Phosphate Z2h.8 % 9.5“ 21,4 & 046 < 005
(mg P /100 g) _

Creatine Phosphate 6h.7 + 1.1 69,5 & 1.3 (0L
(mg P / 100 g) »

ADP + ATP - h0.8 £ 1.5 b3 % 0.7 Jal
(mg P / 100 g) ‘

Croutine 428.0 % 8.0° 421,0 & 9.0 o
(mg / 100 g}

% Bound Crestine Gl 1.2 6948 % 0.9 <005

* Standard Lrror
1 ya=ig
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in this study ss eompared to weluss reperted im the litersiure were dus
to the in situ techmicue of freesing musele, the wethod of tissue store
age and the gare mMM”MM&mm the filtrate,
Alhnm(” ) roported o werage ereatine phosphate values of 39 mg ¥ for
similar musele in his control rate, aolwwm obtained an average ceon~
trol erestine phosphate value of 15.4 mg § P. Conway and Hingerty’i/(32)
reported creatine phosphate values im control rets avereging 78 mg £ P.
lowever, from inspection of Comway and Himgerty's data, it &s apparent
that this value inuims both the creatine phosphate and inorganic phes-
phate phosphorus. Therefore, this value ie not representative of the
crectine phosphate comtent of the musele of their experimental animals.
The inorganic phesphute levels as found by Albeum (34 mg % P) and Helve
(42.5 mg © P} are higher than thom reported in this study., This ine
mﬁlurﬂnicm&cnu probably due to the extreme lability
"of erestine phosphate and their imadecuate technique in muscle saspling
and anslysis, resulting in the breakdown of ereatine phosphate,

The deerecse in muacle oreatine phl-ﬁute following adrennlectony
also does not agree with the results of Albawm who found mo change in
this substance upon removal of the adrenals, However, in view of the
asthenia found in patients with Addison's disease, n defeet im musele
energy productiom or utilization is probable. m(‘??) found lowered
erestine phosphate levels in the muscles of sdrenalectomized frogs asso~
ciated with a lowered work performance of these museles, &hﬂ‘”’m
poried & lowered creatine phosphste in rats after adrenalectomy; however,
his animals were not maintained em saline after cperation and were
killed by ismersion in liquid air. The inability to demonstrate
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differences between the creatine phosphate levels in the muscles of
adrenalectomized and of control rats as reported by some workers is
probably due to the rapidity with which creatine phosphate degenerates
thereby masiking sctual diffevences in the muscle levels.

The ability of glycocyamine plus betaine to raise the levels of
creatine phosphate in the muscles of adrenalectomiszed rats rules out
the mediation of the adrenale in this process. DBecause the levels of
free creatine are not raised by administration of glycocyamine and
betaine, it is doubtful that the main action of this treatment is accord-
ing to the mechanism ocutlined previously, that is, increasing the levels
of free creatine by providing the synthesizing mechanism with additional
supplies of precursors. From the results obtained in thie study, the
mechaniama by which glycocyamine-betaine increase muscle ereatine
phosphate levels ies not apparent., The total ereatiﬁe was the same in
the muscles of the adrenslectomigzed and control rats, but glycocyamine-
betaine treatment incressed the percent of this creatine present as
ereatine phosphate,

It is interesting to nmote that the ADP*ATP levels in the muscle
tissue were constant in the three series of animals studied (Tables
VII and VIII). The physiologically fundamental nature of the creatine
phosphate-ATP energy relation to the animal orgenism is such that the
homeostatic mechanisms apparently maintain ATP levels at the expense of

the creatine phosphate energy reserves,
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SUMMARY
1. A water tolerance test has been developed for the presence of
functioning adrenal tissue in the chronie adrenalectomized rat,
2. Eosinophil and lymphooyte responses to ACTH or to stress are not
as sensitive as is the water tolerance test in detecting the presence
of accessory adrenal tissue,
3. The ereatine phosphate level in the muscles of adrenalectomized
rats is significantly lower than that of control intact animals.
L. Administratien of glycoeyanine plus betaine signifia&ntiy
raises the level of creatine phosphate in the adrenalectomized ratj
the mediation of the adrensl is apparently not required for this
action.,
5. There are no significant differences between the levels of tetal
ereatine, inorganic phosphate, and adencsine diphssphate plue adencsine
triphosphate in the muscles of control intact rats, adrenalectomized

rats and adrenalectomized rats given glycocyamine«betaine,
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