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1. CATECHOLAMING-LIKE WFFECTS OF THE THYRNID HORHOUS

4 relabtlonship botween nervous activity and the
function of the thyroid gland was observad by won Cyon as
sarly as 1898, (1) when he noted that the increase in the
prossurs responsze ami pulee rate saunsd oy electrical
stimulation of the central aenid of the transscted deaprassop
nerve wWas bast obtelned in cutbyrolds, 4t that time, howaver,
ths concept that somg chemical subatance may be nesded for
nsuro-iranamisslon wes aot yet introduced, It was Hlliott,
in 1804 (2) who exprassed the opinion that the effécts of
atimalation of the aympathetic nerve might well bYe modiated
by usdrenalins., In 1903, Kraus and Friedenthal (3 ) estabe
lished 2 parallelism between tho effeats of adrenaline and
hyparthyroidism and Hppinzer, #alts end Hudinger (4) demon-
atrated that the glycosuric action of gdrenaline was dspsndant
on the pressnce of the thyroild glend, In 1911, Asher and
#laogk (5) further obaorved that the pressor effect of adrane
aline was sugmented grestly either by stixulation of the
norves leading to the thyroid gland or by Iintravenocus
injection of thyroid gland extraots. The sams authors also

reported that stimuletion of the thyroidasl nerves incresased
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the exoltabllity of the depressor nerve {vagua) of the

heart, Two venrs later Craxser end Fraus (&) notlced that
addition of thyrold glend extracts to ths diot of casts and
robs csused totel disappeorance of liver zlycogen In these
animalae Thon io 1916 Rickardson (1), working with hearts
portuaéd wlth asdronalins, showed that the inotropie ond
chronstroplc actiona of this emine on the hosrt ware abe
henced in the presonco of added or sdministersd sxtracts of
thyreold gland, Opposite results ware obtoined by iskohl (1916)
(8) with thyroidectomized animela. The sume your, after aidmine
tstering lodothyroslobulin, vawald (9) obtalned an increcso

ir Lthe exclitgbllity of whe vagus=dvprossor and aplsuchnle
nerves to faradio stirulatican. This inorease uaavfcund to

ho proportlionsl to the {odine content of the ¢ompound, Howe
ever the sams year Alberton! () presented cvidence that
contradioted Oowald's obgervations. !l found that when dogs
and rabblts wers treated with thyrold glond extracta the
elfoot of vagus etirulotion on zhe heart was less avident

than in normsl anlmols. Then when Eiger (1) psrfuged the
blood vesasels of the frog, be digcovered that whorsasgs thyrold
#land extract had no offoct by itself, 1t did inoresse groatly
Lhe pressor responge Lo sdronalina, Also, Hlood obisined

from raivs fed thyrold sxtrscts and bLlond odtained from

pationta sulfering from exophtalmleo golire had ths property
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of increansing the presaor activity of edrensiins. In contra-
dictlon to both Asher and Flemek, (5) and Oswsld, (9),Schafer (12)
aid not obtaln modificetion of the exoltebility of the vazus
or depreéser uerve in raebbits, cats or dogs whioch had haen
praviocusly injectad with thyrold gland extracts. on the
olier hand thla worker observed that when thyrold extracts
wore injlecsted in eats and dogs during vagus nerve atimulatlion
the resulting fall in blocd pressure was greater than tbat
caused by elthsr of thege two materials alons, Une caunot
speas of potentlation bowaver,slnee the similsaneous offect
was the eum total of tho effsota talten separately. Huriysma
(1918) () found, llke Craxer and “rauss, that when rats
vere fed thyrold extrsets, they developed scidosis and their
livers were depleted of thelr glycogen stores. Thyroldefed
rabbits similerly developed s deorense in the COp=combining
powar, Since Petors and Geyelin ()4) had praeviocusly found
that the hyperglyocemia, coused by sdrensline in normal and
dlabetic sudJects, was sccompanlied by a corrssponding de-
crease In tho alikell rescrve, #Wuriysma ralnvastigsted theae
aeffeots in rahbits to sse if there was a poasibllity that
acidoaln, observed in thyreld fod animals, mey have baosn due
Lo soernetion of adrenaline, In rabhita, however, Iinjection
of adrenalines 4id not lead to acidosls at dones capable of
producing glycosuria. Hurlyama therefore concluded that the

acldosls of  hyperthyrold rats and rabbite hed nothing to do
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with adrenaline, The author was mainly intereasted in thils
aspoct of the queation and did not ralse the poasihility
that edrenaline may have bhaen lmpliceted 1n the glyoopen~
olytic éfreoh. In 1919, 3anteason (15 ) reported that with
rabblts sither fed or injected with thyroid extrect,a
greater rise in »lood prassure wes proaduced by injastion of
adrenaline as compared to suthyrold controls.

These early investizastlions have sncouraged erd

stimulated many workers In the fleld of catecholamingethyroid

interrelationship as can be 20en from the number of subsgequent

pspars dealing with this problem, At this polnt it seams
appropriste to consider separstely sach offsct of the

tbyrold hormone,.

a) A4ffect on Glycozen and Blocd Glucose

Badansky (1w ) found that the hypoglycemlc reactlion
to insulln is greater in thyroldectomized shaep., Collip (1)
obhsorved that injection of udrenaline in normsl rats causcd
e 0% deersass in thelr liver glycogen content whereas
little reduotion occurred in hypophyaeotn&ized and thyroldece
tomizred rats. After Injoctlion of adranaline alaso no increase
in blood glucoas waes noted in hypophyzootomlzed rats whereas
guch was not the case for thyroldectomizad animels,s In
hypophyeastomlzed rats thse normal glycogenolytlic and hypere
rlycenmie effacts of adrsnaline were restored efter traatment

of these arimals wlth antoerlor pitultary sxiracts but
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adminigtration of desslented thyrold slone falled to regtors
tbe hypargzlycamic response, Iloussay { i) reported that
hypsrthyroldliam ineresses conslderanhly the séverity of
dlabstas in doz and man, Thyroldectomy lmproves the overall
condition but dlohotes 1a st1ll wmanifest. OLurn and Marks
(1a) made a atudy of the offects of the bypozlyce=lc astion
of {nsulin and hyperzlyscemic sotion of adrenaline in
different groups of rabbi%s, Thease suthora ware able {o
show thiat the minlmal insuline-convulalve doss was higher
aafors thyroldectomy than after thyroldectemy. Indeed,
gfter (bhyroldectomy tha tbres rabbhits atudied bhecame glx to
nlne times more sonsitive to inasulin. <Jonversely, the adrene
aline hyperglycezia was greatly reduced after thyroidectomy.
3inua in bLoth cegsas ths ssme animgls were uged, the suthors
aoinld establish the followlng relatlionship; those aninmels
in whieh the zroatest sensitivity was observed also showed
the greatest deorease to adrensline-hyperglycamis. After
the aama thyroldectomized anlmals were fed thyrold extracts
thelir senaitivity to insulin wes grsatly dimlinished., For
example, aftar olght days of thia treatment tha enimals
could support five tlmes the inltial dose of ingulin without
entering intos convulslons. After seven duys of thyrold
foadling in one rabbit the remetlvity to standard doses of
adransline doubled, L.e. the difference betwoon the aversge

blood sugar during one hour after the lnjaction and the Initlal




hlood sugar was tuwlce as groat after thyroid feeding, In
another rabbit after fourteen days of fesdinz this response
was tripled, indloating that the maznitude of the hypere
zlycemic rasponso depended on the level of the thyreoid
hormone, 3ut sincs thalir daota do - not Includs ths inltiel
value for blood glucose, 1% 15 impossibls to gsee if the
svsolute inorease in blood glucose obgarved in thyroid
animels is refleocad hy a corresponding relative or peraent
Laocreasse which would vae Indicative of s sensitizing effest
of the thyroid hormona. It 1ls not unreasonable to suppose,
on the basls of the results obtalned uwlth injections of
insulin in thyroldefed animals, that the blood plusose lavel
of these animale rmay have h2a&s8n above normael, I(ndeesd, it has
beon shown (20) that infusion »f 1.5 %o 3wpftg of tbyroxine
into chlorelosed dogs rosults in a gradual !norease in thelr
blood suger level, Whan, after suech 1nruaions, venous blood
was oollscted from tha adrenals, it was found to ocontein &
aubstance capable of inhiviting the movenent and tonus of
the intestine of a rabbit, and which, on this bosis, was
tdsntified as sdrenaline. Thils ssoretion of adranaline was
psrallel to the inersesse in nlood glucose oxcept at higher
doses of thyroxine(3mg/kz)s In this oase normsl levels of
glucose wors found despite the persistence of adraenaline in
the venous blood of the adrsnals. 7he latter filnding 18

conaistent with that of Burn end Marks{ v ) who showsd that




the hyperslycenlo response to adreualine is only diminished
whaen, a3 a rasalt of thyrold faseding, the liver slycogen
of rapblts disappears,

| Studiaes were nmada (21 ) on tha various effecta of
matrazol, adranaline and thyroxineon rsta wiich were slther
vagntomized, thyroidectomizad or vagotomired and thyroidece
tomiged, In thls saeriem of oxperiments, the suthors tone
slude thet a warked inorease in blood suger, 1.8, over that
coused by adrenaline, ocould not he observed beslow doses of
thyroxineof 0,2mg/100g . Dataare also interpreted to mean
that thyrold hormons Increasas the exeltadbllity of the
centres of the sympoathicoesdronal systom without having
mach 1lnfluence on the glycogenolytic asction of adrensling,
Acoording to thelir resultsg the vagcelnsulln syatem uniey the
Influence of parasympathetie cenirssz 1s not modified by ths
thyroid hormons,

With the gulnea plg, Jomsa (22) provided quantie
tative evidonce that the thyroid hormona may have senaltizing
effects on ths hyperglycemic actlen of adrenslina. 7hs
fipat otep aohleved in his study was the finding of the
thrashold dose of adranaline (2,8pg/100g ) with respect to
its effect on blood glucose, This thrseshold dose was found
to be Tfive times higher in thyroldestomized animala, Not
only waes the norusl threahold doss reestablished by thyroxine

treatment and the response to adrenslline found to ba o
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sontinious function of the thyroxlnedose previously
injscted, but it was slsc shown that higher doses of iLhy=-
roginelowerad the threshold dose of adrenaline proportions
ately tb tho doge of thyroxinelnjectod.

3imilor conclusions were arrived at by irendelan=
burg (23 )e In normol raebdits, a dosserssponss ocurve of
adrenaline on blood sugar shows that the psercent lneraase
in blood glucose ceusad by edranaline varies linearly with
the amount of edrenaline given, Yoradranglline wes also
found to produca hyperglycemia but isa.potency wan only 188
that of adrenaline, Iu sl) twenty rabblts whiech were fed
thyrold for fourteen duys the psrcent incresse 1n blood
sugar produced by adrensline was yreater than bofors tLhye
roid feeding. AfGor such troatment the dose of adrenaline
necessary to bring about the seme response as before treate
ment was reduced from 85 umg/xg to &01z/itg and the author
logically submltted, as a aoncept, the seoaltlzing effect
of the thyrold treatment,

In hypophysoctomized, fastinj~female rats,
injectlons of adrensline (Sug/100g )were found to decroase
the glycogen content of the rectus femoris (28% lous),
abdominal (495 loss) and dlephragm (387 losa) wusoles (24).

These lossos wers comparable Lo those previously found in

faating intact fexale rats (15). Although injeotlon of 1%0ug
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af thyroxlineincrsased the glycozen level in all three
tastod organa, there was a definite increese in thoir pere
cont loss of glycogen following adrenaline adwinistration,

in tha ractus femoris and abdominal musocles this sensitize

atlon of the glycogenolytic astion of adrenaline was spacific

for thyroxiresince growth bormone or cortisons scstate
oither inhivited this respounse or waa without effect, In
the disphragm muscle, however, the latter horzones when
#iven 1n large dopas exerted a similar mensitizing eoffect,
It may be pertinent to recall hers that these effacta aro
obassrved in hypophysectomized animals in whloh oase the
adrenals are not expscted to function normelly and hence
19y not be expeoted to sontrlbute miech to the sensitizing
aotion of thyrozina 7hia 1l contrary to the findlngs of
Zang aud Laberrs (20),

Harrison {i.), using lens direct ethods navorihee-
laaas supports similar conclusiona rejarding the effect of
thyroid hormone on Lhe hyperglycemle response to adrenaline
{20)s This worker found that although roptlng aprinary
noradrenalins waas the somse 1in normal and‘hyperthyroid
patisnta, sdranaline was approximately one third that found
in normal patients. The lunoreasad oxeretion of free
catecholamines, whiob was found Lo ooccur in normal sudjeats
as a result of vagsoemotor-reflex stimulus (tiltiag) or

insulln hypoglyoesnia, was not es grest in hyporthyroid
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patientas, Recause of previous results concerning the
effoct of thyreld on glycozenolyslis and blood sugar, the
author conocludes that "Less adrenaline 1s requirsd in

hyperthyroldism to stimlate the glvcogenolysis required

to evercome insulin hypoglycosia.”

b) &ffaot on 0 Consumption

Although e few authors expreassd the opinion
that the funetional state of the thyrold zland does not
influsnce the hesal metabollo rate (21, 48), much sxperie
wgntal work sapports the contrary, ’n 1925 Haokesyema (29)
nade a most extensive quactitative ntudy on the affect of
adrenaline on Lhe metabolic rate of normal, hyperthyroid
and hypothyrold rats., &Eszgentlally, the re»ults wore as
followaj dosos of adrsnaline whilech caused a 257 inersaase
In normal rats producsed an incrasse of only 13% la thye
roldsctomizod nnimsla but ecaused sn 927 incresse in the
netabolle rate of hyperthyrold rests,., 7Thse basal metabolis
rate withont adreneline gzave a similar pattern, the higzhoat
being recorded for the hyperthyrcld animals,

3usnoson (3c) obmerved that wheraas normal rate

regponded to injections of sdrenaline by an lncrease in
thelir 3 eounsumptlion whioch wae proportional to the dose of

adrsnaling, such was not the ceae in thyroldsotomized
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aninals in which adrenaline caused oven a slight dacrocase
in 0, consumption. The data also show that when thyroid
bormone was administered in sufficlient quantitisa the
effeotivenasa of LOpg of adrenaline was doubled,

Barker 8t a8l (3\) obtalned essentially the same
effoots, after establiashling that adrenaline causes an
incorease of Lj0% in the motabolic rate, they noted that
after thyroidectomy the sems dose of edrenaline ocaused a
slicht fall in the metabolic rate. On the other hand, with
byperthyroid snimals and still the same dose of adrenalins,
the increase in metabollc rate reached 907, Ths basal
level of 0, consumption reflaects the thyroidal state of
the animals.

Sugpocting that hormonal control of temperature
may be at lesst partiaelly responsibla for these effacts,
Schaffer and Thibault (2 ) repeated these experiments but
with rats previously adapted to a constant temperature of
28° ¢, They could but only confirm previous resultss
subcutaneous injections of 0.5mg/kg of adrenaline produced
an increase in Oy consumption of 53%. The same animals
when thyroidectomized and kept twenty-one days at 28°
responded to tha sams dose of adrenaline by an 1lncrease of
only 8%, The normal response was brought vack by thyroid
troatment, They have also obtalned some evidence that the

reinforcing action of thyroxineon the metabollc sotion of
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adrenaline was not dependent on the enhancing effect of

thyroxin on tho basal metabolic rate (33 ). Horadren-

aline has also been found to increase the matabollc rate
of rats but to a lessar extent than adrenalinej howsaver

in thyroldectomlized animals responses of both thase cate
echolsmines are comperable (24).

In rabbits, 1t was noticed that the total dis-
appearance of the matabolioc responas to adrenaline
occurred only twenty dayas after thyroidectomy and not
before (3s). Agaln, thyrold treastment brought back normal
responae’and, inoreasing the amounts of thyroid hormone
anraased the stimulatory sffects of adrenaline.

In ascordance with previous rasults Ring (3¢)
roported that in normal male rats welgshing approximately
200 g ,amaximal dose of adrenaline producsd an increase
of 3% in the metabollc rate: in thyroidactomized animals:
howsver, the mstabolle response to adrenaline wes not
considerably roduced) the inerease was still 43%. o
montlion ia made at which tlme these measurements were
nade followlng thyroldectomy. This would seem to be an
important fastor in demonstirating a decrsase in the meta~-
bollc effect of adrenaline (35). In normal rats, injected
with thyroxinein the followlng amounts, 0.5, 4.0 and 8.0pg,

subgequent injection of the maximal dose of adrenaline
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resulted in the following respective increases - &0¥,

60 end 95% (3¢). The basal metabolic rate revealed the
same pattern. DBut to show thet the ssusitizing action of
thyroi& was a specifio property of the hormona and did
not depend on the changgs induced by thyroxineon the basal
levels, Klng introduced these same metabolic changes by
other means and studled the effeot of adrenaline, For
example, dinitrophsnol, which raised the basal metabolic
rate to an average of 34%, dld not mwodify the ecalorigenic
action of adrenaline. Also, fasting the rats for thres
days, decreased the 0p consumption but did not change ths
sffect of adrenelline,

In vitro, 1t has been found (31), that frog heart
obtained after perfusion with thyroxinehad an elevated rate
of metabolism compared to normal animals, and sevaral other
papers support the same observation for rat heart (38,34,u0,u1
(n the other hand the results obtalned by Ganjuv and Lockett
(a1) imply that the thyrold hormone is incapable 6f a
dirsct calorigenic action and that this actlion is dependent
on the presence of the adrenals. They have demonstrated
that doses of thyroxirg whileb wore twice the amount re-
quired to incremse the Op consumptlon in normal mice,
falled to do so in adrenalectomized and thyroidectomizede
adrenalsctomized mice, This is in direct contradiction

with the in vitro findings mentioned above and also with

Ve




R e A S I e s

other in vive results { 42,44, 45 ) ghowing thet in rata
adrenalectiomy doaes not modlfy tho metabolls affect of
thyroxine. These disorepsnciss may bs acoounted for by
spacisa differencen, or by tissue dlffereonces. “owevor,
from the forszolng coansidarations, it can se z2een ithat
thaore is geonsral svidence that normel functioning of the

thyrold glend 1le nesdssary for the caloripgenic actlion of

adranaline,

6} CordloeVesgulsr iffaects

¥cbonald ot a8l (« ) showsd 2 79% incremss in the

02 consumption of hearts looleted from errapins fed
thyrold extract as compared wlth those belonging to tere
raping fed a normal dilet, Rimllar increase wes also
ohsarvad in the rate of hesrts ohtalned from thyroli-fed
animals, Introductlon of adreraline lon the perfusion

fluild clirculating through the heartes of such experimental

animals resulted in an 1267 increase in the Op consumption

of these hesrts whereas adrenaline caused only a H5%
increase in the Op conaumptloa‘of normal hearts., This
gensitization abillity of thyroxineon the metsholic offect
of adrenaline on the heart could not be extended to the
chronotroplie effeot of adrenaling since this awine cauasd
a comparable parcent luorease in the heart rate of both

normal axd hyporthyrold hearts.

| it
RNTHEIIERIRNN i Jovie

e R

S~




I T e T T T

i

T T T s

T R O R RS

13

In another paper, Aumann and Youmans {47) also
provided data which show- thet thyroldefed dogs experlencad
an inorasse in hesrt rate which amounted from 39 to 60
baats/min, Sut they &lso obsserved that injsctions of
adranaline osused a 507 inoreese in tkte haaert rate of
thyrold-fad dogg and this effect woag greater than that
chtalned before thyrold feeding.

In a short commualoation (48) leoking gquantie
tative data it 48 sald that thyrold fesdlng of dogs causes,
nesldes moderate tachysardia, an adrenalinee-tachycardla
whioh wue greater thao that found In normal animals and this
with several dosea of adrenaline, Hut no basal valuss of
tha heart rate are given and 1t 1a lrpoasible to estimate
the nature end extant of this increase., The pressor effect
of 10 to 30pg of sdrensline was dimlnished efter thyroid
feading: all values obtalned after thyrold treatnment are
compared to those obtained before thyrold feeding. After
these dogs wers given atropine sulfate the blood pressure
responge to adrensline was ths same befors and after thy-
roié feeding but greater amounts of adrenaline wers necessary
to induee tachycserdla. In the latter caas, however, the
rasponse was tha same in normael and thyroldefod animala,.
Gueb results Infer that the thyrold hormone may perhaps &lao

be invelved with parasympathetic setivity. Indeed, it has
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baen shoun (49) that hesarts obtoined from hypotuyroid cats,
rats and guinea-pigs display & groater sensitivity to vagus
s:imala;ion or to the :eprassor effeoct of scaetvylobolline
the converss 1s true in the cose of hypertuyrold animals, a
rogult whion 1s 1In contradiction with those reportod sarlier
{ g,1 )o The zame authors (44) also reportsd that lower
doses of edrenalline were necessary to bring about an inorease
in the amplitude of gontrection and the frequency of hHeats
of hesrts obtainad from hypsrthyrold cots and guines-pligs,
Sawyer and Brown {se) obsorved the effacts of
andogenougly-liberated and exogenous adreraling on tho rate
of denoprvated heart obtained from thyrcidectomized cats snd

thyroldectomized cats trected with thyrexim Cold exposure

and exarcise woras used as msans of producing ssoretion of
ndronaline, Cold exposure couped the rais of donsrvated
haarts of normal aets Yo lneresse but wlith thyroldsctony
thls effaot was reduced, In one cat wiileh wes fed orally

a gsemie-purified preparatlion of thyroxivein amounts which
returned the basel metenrolic rate of tho qat ta normgl lavels,
thke percent increase in the rate response.cf the heart to
cold stimulus was also corparable to normal. In snother ocat
with en inoreaszed metabolic rate, the porcent ingrssse in
the acosleratlion of the heart also wags ralmsed but only by
10% Abave sornal, VWhen axaercise was used as a means of pProe=

dusing adrenal secretion the heert rate of the thyroldectomlzed
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cats responded almilarly as for cold exposure., Iowever,

in a rat ziven thyroxime in a suffiolent ancunt to raine

168 metabnolic rats to normal, %the percent increase in heart
rate was nol restored to normal, Tssentially, the sama
results were obtained for exogsnous and for endogenous
adrenaling when the latter was preaumebly saecratad by the
adrenals as a rasult of exposure to cold, At one polint it
is diffiocult to agreo with the authors whaw they alate tbat
exoygencua aedrenaline causes & grester percent rise in the
cardlias rete of cats which wors ygiven thyroxinelr amounts
whigh inoressed thelpr metadbolic rate a%ove normal., 7This
percont rlse is observed to be shove aocntrol only some 2L
seoonds after adainlstration of adrensllnej vofore and after
this time the percent increase ls below the lavel of oontrol,
The results offered vy tuls work do not fipmly support a
potentiating action of tha thyroild hormone. In all experi-
monts in which adrensline was injected, the adrensl moedulla
was removed., Since the response of ths denervated heart
from thyroldectomized cats was tbe seme with raespect to
sscreted or exogenous gdraenaline, the authors ccneluded a
direct sction cof the thyroid hormone om the heort, Indeed,
1 the thyrold hormone exerted its offectas viae the adranals
5¥ insreasing tho seoretory astivity of the ceetaecholamine,

then full responas to exogenous adrenaline should be obtalned
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oven in the absgence of the thyrold gland, but 3uech wag not
the oase and this Justifies Lhe author's conclusion,

Brawater's (st ) work reveals that the sffects of
Yoth sdrenaline and norsdrenaline on the heart rate, cardiac
output and right veuiricular siroke work were aenhancsd in
dogs by thyrold feedlnz. This also holds true for Op
consumption but not for the left ventricular atrois work
and blood praessure,

Beznek (s2) was able to show that when rats
wolghTing approximately 165 g were 1nJeotad/ﬁEix“?zcreaning
dosas of thyrcxire varylog from 0.0373g to 5.88mg, the percant
inereaszs 1In the cardiasc output, Oz eonsumption and walight of
the hserts of thsse rats rose proportionately. This worker
alao studled the effect of Lbyroxireon the work perfoprmance
of thase hoartst under couditions of polyvinylpyrrolidone
(PY¥#) loading, the hsarts from thyrozineirested rata were
able to perform much bottsr than the heerts from rats not
trsated so, &8s agould be judged by the great inoraegse in maxie
nal cardlan outpult and worik of the former over the latter.
The greater weight of the hearts of the thyroxinized animals
could not be hald reaponsible for these effects since haarts
of inhe same weight or hearts in whioh hypartrophy was induced
by aortic constriotion resgponded to PUP fnfusion as did

normal eontrola.
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Vandershoot gt _al (%) studled the eoffaect of
graded domos of adrenaline and aoradrenaline on the 0Op cone
sunmptlon ard blood preassure of hyverthyrolid dogs end also on
tha ocontractila forecse of the bhoarts of such animals, “hereaa
a greator porcent increase in the Jp sonsumptlon ig found
to caour in the byperthyroid comparaed to normal animals, 10
auoch increase ccourred for the other sffects of the
gatecholamines,

) Experiments were also performed on ths vassular
responsiveness to adrenaline and noredrenal&né by Puga and
¥oCubbin (35%)., In propylithiocuraciletreated and thyroldece
tomized dogs the arierial blood pressure respouse to adrene
aline and noradrenaline waa diminishsd conslderably, It may
ha added that the deprasaor sotlon of hiatamine was also
reduced by such treatments, 3traunzely enough thouchk, when
this hypotuyrold animala were fed dessiceted thyrold, whish
raatored normel sppasrancs end bohaviour, normel responses
to tha oatsacholamines were not attained, and in the case of
sdronaline, hypotension was noted, On the other hand,
sxazgerated dlood pressurs raesponses to noradranaling were
found to occaur in olinloal hyperthyroldism (55), The
1nfuaton of noredrensline in four thyrotoxie patients pro-
dused a rise in systolls pressure wnioh amountesd to l;7wm Hgz,

and in the case of thoe mean pressura, to 30:m Hze VWhon the
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sane patlents were lLreatsd and reached the euthyrold state,
the same dose of noradrenaline now cepused an inerease in
the systollo pressure of only limm Hz, and in the wean
praessure, s 1l2@m Hge, 3Since these datae doea)l with only the
abgolute inoreasse and do not reveal ths dasal pressure
veliteg, no apprecistlion of the percent increase can be
obtained, The authors however report the cose of a
myxvedenatods patisent whiaob, when treated with thyroxim
rosponded to noradrensline by a sreater perdsnt rise in both
37880310 and mean blood pressure,

Wurtnan ot 8l (5¢) reportad similar observations 1in
hWyperthyrnid rats, 7The heart rate, mean bdlosod preasure and
pulse pro:aurs were lowsr in the hypothyrold rat compared to
normal waereas 1o the cose of the hypertuyrold animals the
basal level of these parameters wads' higher than in normals,
when the different groups were submitted to doses of adrene
aline ranging from 0.1 to O.8p3/r , the mean blood pressure
responsé of the hyperthyrold group was more than twlioce that
obtalned for the other groups. Another partloularity is
that the thyroideoctomized proup respondad in a wanner compare
atle to the normal group. %o data 1s glven for the hoart
Iate responsa,

Clinioal studles wers alap made by Murray and
Kally (s7) on eleven hyperthyrold patlents snd tuwenty-two

normal subjeots. In these patients, ths basal mstabolle rate
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wag found to be, on the average, + 255 ooupared to - 3%

for the normal subjects; the hsart ratae and pulss prassure
are almso reported to he clevated. It is spperent from
the Aata that at all seven donss of sdransiine varyling 'é
from 0,02 bto o18ug/kz/pin, there 1s a nignificant inoroase
in the percent in U consumption in Lhe byporthyrold
patients ocompared to normal, Although the authors report

g similsr increase for the pulss prassure, they have certaln

psservations for 4he hesrt rate, Thls leads then $o cone~

slier the peroent change in pulse prassure X hsart rate as
the lndex of cardiac obanges, iu whileh cane deflinlite %
{norenses are recordsd in the hyperchyroid patiente. When
normal subjecis ware injacted trilodothyronine the same
Pasulis weras obtalne:. An interesting onoervatién was that
hypermetabolic patlsata with normal tuyrold sctivity were
not particularly aseusitive to adrenaline and hehavad ag did
normels, Tis latter finiing hes also been reported in
gnother pepar (5¢) in which it is shown that, although
aalioylete ingestion in humsn volunteers caused a rise of
thelir metabolic rate, 1t d1d not increase thelr sengitivity
to the catacholamines <uring thia period of hypormstsbolioc
activity.

& potentisting sotlon of the thyroid hormons on
the cardlovascular effects of the catecholamlines has boen

guestinned very racsntly by Verpollus and Gaffnsy (57) and
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by Von der fohoot end Moran (<o) whn eritisissd tre laok of
comploteneas of date, Isek of aysltswelie approgeh and the

fox ruwhera of snimale uz»d in asny of lhe worka porformed

to prove sueh on astlon of Lhe thyrold hormonse In the csze
of ¥Ysn der “chnot sad Foran (g0, although thyroxlnetrestment
1n dogas and rase osusad an elevated pulsma praasive ln dogs,
and an elavated hamart rate snd Jp consurmption in boih rats
and dogs, the lnerasse in hesrt roto and forca of eontrectlon
of hasrt ~uscls resuliing from Lajectlons af greded doses of
sdpranalline or poradrensline was less 1n hyyer%hyrﬁid Aoy,
These changzes ere reported in terzs of percent change and
shaoluats changs. She blooi prensure rasponse to norsdrene
aline was not different in the hyperthyrold group ss compured
ts the norgal aroup. The bloes pressure response Lo adrengs
Line was sizniflecantly decreaeed in the thyrorimetrested
spoup as corpsred to the sonirol szroup. Thess studles ware
»aue on daventaen hyperthyrsld and peventean aormal dogs and
thelr resativity wae roasured for six dosen of estecholanines
wiloh variasd bYetwasn .09 and Y- &pg/iz. The difference in the
binod pressurs response to sdrenaline was sttridbuted to e
srsater vasodllating offeet of edrannling In the hypsrthyroid
wroup. These resulta wore conflp=ed by in vitro oxperimonts
10 which the inotroplc responss to noradrenaline was testsd

on veniricle atrins of rata and the chronstropic aotion of
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noradrenaline waig studled on the spontsnacialy contrscting
atria of rots and rabblis,

¥argolius and Gaffrey (57) have slso gsyatemstically
tnvastigated the sardis-vasculsr resctlvity to injected

noradrenaline and to narvous stinulation in tuaenty-ons

normal, claven hyperthyrold end six bypethyrold doga. It ls

clearly evident from thelr rasalts that thyreld feeding in
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dogs produced an inorcuze in the hsart rate, in tha pulss
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proasure, rectal temperaturs and in serum lodinas. Howsvaer
in the hypothyroid dogs no difference (rom $he control 13

avserved for the hosrt rate (Whan anlmsls are anesthetliged’
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maan arterial pressure and arterial pulse preusare. A
depresse in the heart rate of awave animals was noted, Yhen

vhe seccslerator nerve was stimula ted, ths absolute lncvraeasne

4 1o hoart rate was the sama 1o control, hypoe-or hyperthyrold

1 roups. ¥hile the percent lncrenso wus ths saxe in the con-
trol and hypothyroid groups, it was lower in the hypsrthyrold
zroup, beceuae the besal heert rate of the byperthyrold group
wag greatly elevated, The meen erterlal hlood pressure was
not aignificantly differant in the variousigroups of dogs

whien the accslarator nerve was atinmmlatad st different
froquencies, also no differsnce wss notlced in the msan arter-

1a) blood pressure and heart rate when the differsnt groups

of dogs wore injeccted with saven doses of noradrenallne,
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voryilnz from 0,01 to 1lus/kg, the sbsolutae and percant
1ncrease was the same for the differant groups at all doses
uased,

In resume, it may be sald that elthough thyrold
<land actlvity undoubteidly fafluences gertaln parsmeters of
tia aardic-vasculmr ayatom, a potantliating affect of the
Lhyrozinehormone on certain actlons of toes catechnlamlines,
namely, on their ohronotrople and presasr actlions, cannot

at the present time be assesszad,., With respael to thias poten-
tlatlon, ssveral resasona may account for the sontradictory
raports glven in the literature, some of which are alraeady
mantioned (cg.p-22.}s It may be nided that beasides specles
dirferences, anothoyr factor mav resnsonably aocount.for these
disorepanclioss thare mist bha a Llimit to the potentlating
action of thyroxineif there is a potentliation at all, Tor
axewple, 1f an anlmal 1s given zoc much thyroxivethet s
maximal value has Deen ragchad for the bhsart rate, say, it
is hard to asappose that catecholamines willl produocse an extra

ragponse, Jf course thie 1s an exirews csse hut Lt polnts
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out the importance that the dezree of the hyperthyroldie

stats of the animals may have on the possible potentleting
affact of ttre thyrold hormone. Fore unlform results would
then prohably be obtaeined 1ff standerd amounts of thyroxing
ware injected (Lo inducse hyperthyroldism) in any glven speciss

of animal,
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Because of its relsvance to the work presentad in

this thesls and also baecsuges of the psrtloularity of the
tople of hypophysectomised enimalas, n saparate asctlion ias
reserved to survey the work Jdealln: with hyposhysectomisad

anlwmals in reforesce to thelr cardlio-vagcular stats,
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2, THE ORRPLOR GF YPOPIDNUCTOMY N TRT CALDI2«VARCULAR
SEATE OF HATS

Total hypophyaastomy hes been shown to reduce the
bHlood ﬁrasaura of rats balow normal levals (o).

It was lator shown that hypopbysectorny in normal
doga reduced the artsrial presaure from 1490/70 to 116/50 mm
dg (62 )e ‘typophyssctomy was alse found Yo reducs exporie
sentally~induced renal hypertension from 250/169 to 150/100.
o of 7. Administration of thyroxine augmented  this letter
volue to 190/120 me s,

Grsen et _al (u3) obssrvad that in rats in which
byportension wos induced by sdminletration of deoxycorti-
coalerone (UOC) scetate, hypophyssctomy caused tha blood
pressurs to return Lo normal. Vhen propylihiocuracil vas
glven to the U C=hypertenslive rats en inltlal drop in hloed
pressurs oacurred during the first five dayas but this effect
d41d not persist ani the blood presgure returned almost cowme
plately to the hypertensive lsvels,

Salgado (¢4) demonstrated that the lower level In
blood pressure of rats produced by hypopbysactony was
sorrected by trastment with prowth hormone and adrenocorti-
cotrophic hormone. Hetter responses were cbialinad whan both
Lornones were adminlstersd at the same time,

on the other hand, Hoolsoher (¢S) could not pre=

vout the hypotencion and csrdlac atrophy charsoteristlic of
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the hypopbyasectomized rats by treatment with slthar
adrenocortical hormoua or adrsnocorticotrophlc hormonas,

Wnite ot a) (4.} reported that hypophysoctomy as
wall a8 thyroldeatony resultsd in a significant dacraease in
the cerdlao ocutput and Op consumption of dogs. In the hypoe
phyaebtamized dog, normal responses Were brought back by
treatmant with auterior piltuitery extraats,

Zartly end Leblond (L(7) found that when thyrole
dgctomizad rats welzhing spproximataly 150 g were glven
aaily 3 snd &6 pg of thyroxirefor 3 weeks, this doge was
aufflcient to restors the ohservad decreasse in hesrt rate
and 0o coosumption which had resulted from thyroldectony,.
Soth the 02 counsumption snd heert rate rsapan&ed\praporbicn-
stely to zraded doses of thyroxineranging from 3ig to 12pg,
hut 3 and éyg were oonsidered hy thosa workers to he physloe
loszical amounts, When the asme dogen were 2iven to hypophye-
sectomized animals In which the hoart rate and 9p consumption
vare also found 40 he decreased, both were raesiored to normael
levels end with the same luerements as for thyroldectomised
anluals, However, ths responsas of Os consuwplion was not
quite as faithful as the herrt reaponcs and although the
authors of tels work peint out that this may he due to the
faet that in hypophyseotomized asnlmals the Inftisl leval of

Up consumption is lower than in tha thyroldectomizad group,
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the inttial differsnce 1s mueh smaller than that obaerved
when tho Aifferant groups ars trasted with thyroxine, Hutb
at lgpg of thyroxine both the Oy consumption end hoart rata
valuss ere comparable in the thyroldectomlzed and hypophy-
gaotonized rata, ths values balng asomawhat hlgher than in
condrol rats. E£artly end Lenlond ( 43) slso raported thatl
those affects of thyroxins oould be preoduced in the ahsence
of the sdrensls, a finding which is of soma importance io
ths slucidation of tha machanism of action of the thyroxlne
hormone, Hartly and Laeblond ((T) conglinde that the thyroxire
heormonas must act on nonesndoorine tissus,

Baznak () studiasd the hemodynamlc effacts of
nypophysectomy in rats, “‘he data show. thst 1n male alblno
rats hypophyseotomy caused a pronounced decraass in ths
hesrt rate (from 451 deats/min, to 306 beata/min,), a decrease
in cardiac output and a deorense in sardiso work. The
respiratory rate and O uptaks wers also deoressed, The
total perlpheral resistance was slightly higher but the
nlood volumes remainad unchanged. ngocpnalon wpa attributed
to a decrsase in cardlac output whlch in turn was malnly the
consequanae of o dacreass in heart rats, the output per hest
being only slightly reducod. That these effacts may almply
ba ciroumstantial is sugzgested by the finding that the haarta

from hypophysectomlized rats sould inorease their work
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poerformancs under conditlons of PVF loading and this, 1in
a Wway relatlvaly ccmparable to hearts of anormal rats., Begnak
thus sugsests tnet in hypophysectomy the lowsr metabolle
dgrands cnusen @ s8lowing - in the cilreculstion, whleh results
In a decreasel venous return, decreasedcardiac output and
heuce bypobension.

in a subnequent paper (¢9) 1t was ahown bowsver that
whan the bearta of hypophysectomlzed ratas were subjected to
aortic constrlietlion, the usunl bHlood presnurs rise pnd care
diso bhypertrophy obgerved In normel snlmals were rbsant,
Thyroxine treatment reosiored the normal level of O consumpe-
tlon, welyght of neerts, cardiac rate asnd blocd presaure wlth
the following respectlve dones injected over a four week
period; 1l.5mg, (05 consumption) lmg, (welghi of hearts) lmg,
(cardiac rate) and 2,5mg for a period of five waaka,
{blond pressurs). OLesapite such treatmsnt the hsesrts from
hypophysestomlzed rats could not reach the normal maximal
values for work performance during i’'VP loading. Growth hormone
also falled %o so g0 in doses of 20mg glven over & poricd of
four woeks, but when thiz dowe was givﬁn conjointly with 1.5
mp of Lhyroxine for Lhe geams perlod of tlme, tixe maximal
values for work performsncae were  above those obtained
for normal hearta sexcepnt for haart rate whleh was the
game ag for normal,. The other values which were gbovs

normal were thogse chtalnsed for blood presgure,
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cardisg index minute work index, and also left ventricular

welght and Oy eonsumption, ith these peramstars the totsl

affegt cbtalned witk bhoth hormones also exoceeded that obtalned

wlth the aum effact of both hormones teken separately. when
extra work was forced upon the hearts, from hypophysectomized
rats, by aortic constrliction, normal rczponsas could only

be obtalned whan both thyroxine and growth hormone were
administered in combination., In summary, the naarts from
hypophysectomizaed rata will rasapond maximally to hoth FVP

loadling or sortle conasirictlon only when the animals sare

administersad thyroxine and growth hormons, Because appasrance

of the hemadyneamle changes in the hypophyscotomized anlmalas
coinoides with the appearance of the hypermetabolic state (L7)
the earller auggestion thet thsee cardloe-vascular chanpges nay
be tha result of Increase in (p demands la reinforced, But
these changss may alao he lozically sxnlalned by a change in
the catecholamine content of tha haarts of hypophysectomizod
aniwmels, If this was the case then thyroxine hormones should
be axpsoted to correct, in the heart the changes of
catecholamine content if these changes are reglly responsible
for the hemodynamic changes, Possibly the synergistlic effect
obasrved for thyroxins and growhli hormons wmay be sxplained
nlso in terms of catecholawmines especlally since certain

maximal valuss obtained in PVP loading cannot bae attributed
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to increnses in 0Op demsnds bocause the 72 ornsumptlian was
relatively lowsr. 7Thot the catechiolaenines mey bo lnvolved,
atems. not only from thelr well known inotrople and chrono-
troplo sebtlion sn the heert =at also from the relationship
obgarvod hatwesn the effects of thyroxincand thoss of
satocholarlines, 4also, the satacholanine stores hoeve & proe
found tnfluence on esrilse activity ( o4, 195, 4¢),

Thege conglderstiona lad to our invaztlyatlons
doaling with the ceuveensclarnlne contant ¢f hsarts obteined
2rom only hyubhyseotomizaed rats, hypophysectonivaed rata treated
with thyroxlrvg hypophyazctomlsad rats treatad wilth zrowth
normons and hypophysectomizad rats trests? wilh both thyrorlire
and zrowth heraonag, Cateaholasine content of hraln and liver

wan also sbudlad,
ConNCLUS IO

It 1a epparent from the foragolng, that the
diversity of actlon of the thyroid hormone mny compllaata
any sttempt to explain its mechaniem of ectlon, “uper-
imposad on this la the contradletory avidenco perteining to
gome of the effects of the thyrold hormona, Let us ssparate
theao effects 1n two maln cavagzorieas
1. 4 catecholamine-lixe affect for wrlek sxperlmantal

gvidence 13 axply clven, ‘'hs hyperthyrold aninsl
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is ohmpraclterized by cartnln sympioms which nilmle tha
effects of the cateeholamires namely, incresse in
maiLabolic rete, haoart rane, hlood prezsure and glyede
renolyais. In the presence of zrowth horwone the thye
rold hormons hae 8lso s marved Influence on cardleae

periarmancs unier coniltions of work losding,

[

. A potentlioting manifaestation on the action of tha
catschiolanineas. Thizs manifastetion cannot howaver he
nscriﬁed to all the above mentlonad affoects becauss of
contrudiotory raesults :iven in the caae of heart rate
and blood prer~sure., “n the other hand e potentlistlon
of the Up consumpiion sffect of edrenslline han repoeatedly
bagn onsarvesd and cannob “e reasonably dovbted, As for
tha rlyeoganolytic sction of adrenaline probably more
sonfirmation of a2 potentiating section of thyroxiremust
wa swalted . pefore 1t cen ba scceptad with certalinty.

If it is shown in the future thet thim potentieting
actlon 1s perticulsr to Op consumption then thils would ba

an indication that uhe thyrold hormone mey exert its differe

ent ef'fects independantly, Tt bas‘ulreédy hean mentioned

that hyparmetabollsm is not vecesasrily related to the other
effocts,.

As may be expested aseveral atltowpts have hecn madag

to ex?lain thess effaots of the thyraid hormone and this will
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be dealt with in tho following zectlon. Hults naturally
the proposed machanlam lovarisbly lnvolves the satesnn

lanines In ons way or the other,
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DEE THYRQIR UORMONG ARD TR 0300 HOLATINGS

a) ‘the effect of thyroxineon tbe seeretopy activity of

the adronal medulla,

The ocontontlon that the shyroid hormone nmay exert
f¢s érfact by lnorsasing ths gsoretion of the oatecholonines
from the adranala galned atrong support from an early report
{20} gshowing that an adrenaline-11lie material waa relesssd
in the vencus blood of the sdrenals of dogs which had baan
injasted wlth thyrozim Thls coneoapt had been formilatad
mach sorllsr Lo 1308 oy fppinger et al (4), and aubsequontly
recsived support from the finding thet the adrenals of eate
fod thyrold extracte oontained larser amounts of adronaline
snan 11d cate fed normal dlet (6¢49). The letter result wuns
confirmed histologleally by the finding that the madulla
was chargad with ohromaffin materlal (&), Horring later
confirmed hls resulta in mols aldlino ratas (10} but reported
chat with fomale albino rats She rosults were inconslabtent,
fuplyama (7 ) falled to reproduce those 8ffacts but ewployed
groups of rata of mixed sox. The nethod used for deter=
minatlion of catecholamings et that time was quite erude and
thoge results cannot be takren without resarvatlon apart ivom
the ons obtained hlstologlenlly. Hacently, howaver lopsu

(72) demonstrated Lhat when female mlos wore fe2d thyrold thare
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was a decrease in the amount of chromaffin material of the
adrgnal zedulla aa Judgad by the intensity of the ochromaffin
reaactlion in this tiague,

. Later wori, 1n which betier chemlesl technigues
wore uged for the detsrminatlion of cetacholnzlnes, rsvealed
a decrease in the amount of catecholemine prasant In %ha
adrenals obtained from byperthyrold enimnla, Hokfelt (%)
expresslog his results elther per gram or per kg body weight
obtained lower amounts of adrennline and noradveraline in
tha adrenals of rats {njected thyroxim, A convaerse effect
was producsd by eblation of the thyrold glend. Using a
colori=otrio method D'lorio nnd ilaut (74 ) expressed thelr
values in pg/mg of nitrogen and obtalnsd s SO0¥ dearssse in
the catacholsmine contsnt of adrenals of rats fed elther
thyrold powder or 1odinsted cesein. Gaodal (/5) alss
obtalned slmilar results in the thyroxinetrsated shaep,
Ledue gt sl pointsd out (7¢) that when thelr results are
exprasssd per mg of nitropgen the catecholamina content of
adrenal of hyperthyroid rats 1s low but notdiffersnt from
normals whan the valuas are oxpressed pei unit zland, an
indication that tha changes noted previously nmey simply be
the result of the hypertrophlic effsct of thyroxinecon the
airenals, Indeed Eranko(77) found no signifisent difference
in tne adronalline content of the totsl glend of hyperihyroid

sdult or young wmale rats cowpared o control, Bat a
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siznificant deorsnse in the noradrenaline content of the
adrenalsof expserimental enimnls was found, An 1solated
rasult. (77 ) showing inerensed amounts af catacholamines in
the adranals of hyparthyroisd enimals cgnnot he tsken seriouge
ly in view of ths number of papers proving ths aontrary., It
does not eppear that tha thyroid hormons ecsunas » siate of
aupere-secratory activity of the edrewral madulle,

Saversl eerly reparﬁs elatmed that the blood of
byporthyroid animals contained more adrsneline than the
blood of normsl animals { 7¢,f°,%/ ), The methods used by these
vorkeras howsver, wers critisizaed even by thelr ccntemporaries
(22,93, 84,25,8¢ ), uUn the sther hand relatively recent work
by Z1le end Lardy (47) revenls eleveted arounts of adrenalins
and norgdranalins in the asrum of thyrcld fed retas., Sat
theae raesults ere counteﬂ*halanoed by other reports showing
normal valuesa for adrensline and norsdrenaline of thyrold-
fed dogs {2¢) snd rats (7:). Also,Rogoff and Cortell (29)
did not obtalm eny «dlfference in the gquantity of adrenallne
liberated from the adrenanls in hyperthyroid dog as corpared
to nornal,

The heart rate and Oy consamptlon of ratas were
uneffeoted by ablaslon of the edracnal glands (¢5), and
restoration of hoart rate snd 0p consumption by thyroxine
traatmsant in hypophysectomy 1114 not depond on the presence

sf tha adranals (43). iowmoval of the adrenal msedulle or
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adrenergle blockade osused by dibenzyline, in normel and
thyroeparsthyroidestonized rats, did not intsrfers with the
scalorizenic effect of thyroxine (4v). Similer results were
raporbed garlier (4Y). Dut there are also centradictory
reports { 42,%0) attrivuting a role to the adrensls for nore
mal ¢alorigzenic responss to thyroxine,

It 1s herd to conceive how the thyroxins hormone
could exert its offeots on the lsolated heart ( 31,3€.3%,4Yo4 )
i1f 1t wore vias tho adranals, and in the absence of more
soneslualve svidence this thesory cannot hs given unguestionad

considaration,

b) The affast of thyroxina oy aympathetic nerve actlivity

During recent yoars, sttention has beon dlrected
towaprds the concept that thyroxine may insreass the sotivity
of ths sympathetic aystem and therefore mimic the effacts
of cateshnlamline,

In many of the saseriments, the results of which
gsupport thls theory, use has bheen made of the drugs, gusn~
ethidine and reserplnsz, bacausg of their offects on nerva
sotivity. For instance reserpine has been shown to liber-

ate the eatecholamines from differant partas of the central

nervous system and from sdrenal medullary glends ( 81,342,833 ),

and %o deplete the Weart of 1ts oatecholemines ( 35,9011 Yo
egerpine gan glso interrupt adrscergie reflexes (9%),

suensthidine can interrupt adrenerzic reflexes but at the
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neurcesffeotop junotlion specifically (77 ), and can deplste
the myccardisl noredrenaline stores (o, /or )}, ‘Thase drugs
therefors, produce o gtste comparable to total sympethe
eatomy ( /o2 ),

affney at_sl ( /o2) studlasd the effact of ruenetie
tding in four voluntaesra Iin whish the upuerl symptoms of
hyperthyroidisn wéva Induced by injfections of Lrlindothye-
ronine, Guanethidine was found to have bsneflcisl offacts
on both the basal metsbollec rats sand besrt rate but hed no
affeot ot the low serum cholesterol level osnd losa of wolght
produassd by trilodothyronina. Howaver, tremor uwhleh had
ocourred a8 8 result of such trestment was complataly
abolished by aguanethiidine,

4{milar affects wares also reportad in -ne patlant
suffering from acute hyperthyroldism (/03), OGuanethidine
lowared the bpamal matabelle rate, cardlec rate and alleviated
tremor but had no effact on the sholesterol wvalue nor 414 1t
have any affact on the welght, As with Gaffney's lnvastle
gation the heart rate snd Jp consumption were not lowaved to

nopmal vaiues, Inoressing doses of gusnethidine 41id not

bring any further changes, but treatment with methylthiocuraeil

daerossed the protein-bound lodine and brouzht back the

cardinc rate snd metabollc reve to normal values,

In anothar publication (/0¢), when three hyparthyrold

| %64
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patlients recefived low dosee of guaneyhridine, cardlaec rate
wes raoducod from 111 to 88 beais per mimate tho stroks
volume 1ncreasing from 62 to 50 ml, Wien thres other prtients
wore given higher doses ()40 mg) hasrt ratse fell to & heats
per minute, cardisc index foll [rom 6.7 to l.é litera par nin,
parﬁiﬂtar sud cardime work dooreussad from 1.8 to 1,2 kg meter
par min, Meosn arterlal prossure wss 8lso deoressed hut the
peripharal reaistance was lnorcesed,

Loe et _al tested the affeots of guanetnidine in
27 nyporibhyrold patients (o1 ). Hesponsas were obtalned gixn
days after the patients were glven aral dsily doses of 80mg
of guamnethidine, in thls cmse the benafliclal aeffeot of Lhe
dpuz was almost completer hasert rete dropped from 116 to 51
veats psr mimite, pulse pressurs decresssd from A0 to £l mm
Hz, the meln change hoing recorded in the avstolic presecure,
The body welabt was inorsascd very alightly but algnifloently,
whe blood garum cholasterol was increeaed from 119 %o 137w/
120ml, the basal metabolic rate deoreased from 5§ to 39% end
olinlcal improvemeontg of trewor and aye 1id retraction vere
obsorved, Ho change oceurrsd in the pr&telnabound fodire or
upteke of thyroid ( I™) which remeined slevated, Finally,
the definite lmprovement found in 90 patlentas suffering frow
hypertnyroidiam and given gusnetnldine prompted the suthors

to recommesd tne drug for therspeutic use (108 ),
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Hoserpinse hasg alsd bson found to produse vary
similar offeots 1b hypsribyrold pationta (/09)e e Hroot

2t _al (/0 ) observed the affects of puanethidine resorpine

and trimetaphsn oamphor sulfonste {ganglionie hlocking szent)
on 19 hyparstoyrold patlenis, Hoth guapethidine and roaere

pine 41d not affeot the cardlec ocutpudt sut enused sp 180«

deoreans in the heart rate wilab atill remaelned high, Arfonad
(trimstsphen cemphor sulfonete) had no offsct on the heart |
rate hut reduced the cardlas output by 11%, the value
recalning 6% gbove normal, The izometric contraction pariod
83 wall as the duration of ventrleulsr sjeotion which ware V
noted $o be short ln these hyperthyroid patisnts ware une %
affacted by all toree drugas. All veluss were compared to
thioge of 2% normal subjects. Those resuwlits were found to
be insoncluslve and the suthors 2o not agree ttat the thye
roid hormone may zet on sy pathetie norves to produce 3te
affeota, |
Wnen nathslide @ potsnt ,8 Blooker waa sdministered :
Lo thyrotoxle patients the hoart rate an§ peasl metabholle |
rate wore gtlll high (777 ), slthough bhiQ dru;pr 0ould prae ?
vant Lihe lnotroplec and chrounatrople gotion of isoprotsrencl
a A reoeptor ctimuletor. It !s eoncluded that the ebnor
malities of thyrotoxicosls ore not madlaoted through sirensre

gio stimuletlion of A recaptora.

4
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Experiments on this subject have also been pere
formed on speciesa other than man, Hhon dibenzyline a
sympathetic blockln: agent was administered in rats togather
witls thyroxine 1t had the property of blooking the 354
inerease 1n Oy consumption ocourring when thyroxine was
injected alone (//2 )., Resorpine adniniatered to hyporthyrold
doga, slguiflcantly reduced the hesart rate but arterial
blood pressure and Op consumption ware Llnconsistently
modified {113 )., Interesting resulte are provided by Barker
and ¥altluehi ( (14 ), Guanetilding injected to normel rats
{sleven rats) uvaused o dacrease of csrdlec beets of 4D beats
por mlnute and a lowerin; of noredrenalins content by S0ug
per haart (1.1gpg to .zépg). In theas gusnethidine-treated
rata thyroxine increased the heart rate to 75¢ of that of the
control glven thyroxine but had no effect on the low nor-
adronalina content, It is concluded that guansethidine does
not interfere wlth the poripheral effects of thyroxine, It
may alsc be added at least in this case that noradrensline
doss not participste in the heart rate effeat of thyroxine,

n the other hand, most striking effects wera proe-
dueced in hyperthyrold dogs when total sympathetlio bloock wan
induced in these dogs by injectlon of procaine into the
epldural space (s/), "When the reflex relecase of adrensline
and noradrenaline was abolished by a total aympathetle block,

the heart rates of the thyroide«fed animals declinad to
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levele that were identiesl to those of the euthyrold dogs
with o total sympathatle bloek”., The same effects of
gympathetlo bDlocksede ware observed on tha cardlac Ilndex
{(L/min,), left and right ventrioular stroke woric and Op cone
sumption. The gerum lactats, pyruvete and glucose leovals
were(ldentical in both groups of animsls, hyperthyrold and
sutnyrold, 3urglcal stimulation osused grestar increcses in
thease aubstaffoes in hyperthyroid dogs and this ineroage
disgppenred with sywupathetlo blociksde., These rasults made
“rowster and hils collenguas the moat ardent supportisrs of
this thaory lovolving thyrorirewlth sn increassd eympathetlo
sotivity.

Howover lmpressive Preowater's work and howsver
agppealing this theory appsars to be, many of these results
sannot be interpreted unequivoosally. First, besldes contre-
dictory reporta, suanetnhidice and reserpine in most casas
d1d not gowpletely relleve the symptoms of hyperthyroldism
end the faot that similar obssrvations wers made on suthyroid
subjeots mwust bo taken into conaldepation ( #5, 1y ty, 118, re¢
Yesond, in Brewster's work, many cffects of nrdranaline aund

neradrensline (cardliasc raie, oardlac indax, right vantricular

storke work, Oz consumptlon) were potontisted in the hyperthye

013 animals despite tha faot that both the hyperthyroid and
authyrold animels were induced with aympathetlc hlockade,.

Thyrold hormone tharefors sould not have exerted its

).
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potentiating eeticn by laoersese in sympathetic notivity.

That the actlion of thyrozinels a more complax ona
arises from the exparimanis of Thiler gt _al (/20 ). These
workers made a study of the heart rate of the lsolated atria
obtained from differently treated ratss normal, hypothyroid,
hyparthyrold, ressrpinined, naréal-renarpinlz@d. bypothyw
rolderesorpinized and hyperthyrolderegsarpinized. Tha hoart
rate was racorded at various temperatures ranging from 25°
to 41%C, & peak in besrt rste belng recorded at the latter
tomperaturs, Over the ontire range of tsuperatureg thase
vorkers found that slthough the strlalrate of the hyper-
thyroid-raserpinized rats was lower than that of the hypere
thyroid, 1t was signﬁfieantly higher then thaet obteined for
normal rats, raserpinized or not, Thus thyroxine can affect
the heart rate Iindependently of nervous or sdronal lnflusmse
and gaveral »tner Findings on the heortelung preparation or
denervesed haarts support similar conclusions ( sz, r22, /23,
sy, 1257 126 }, Tt may be recalled (cs.p-13) that 1o vitro
affects of thyroxinewere noted on the Uz oonsumption of
hearts. ‘

of courge ths poaslbility of a direot actlon of
thyroxineon this tissue without the partlisipation of oeteshol-
smines cennot bHe dlsragarded (/27 ) but 1t ralaes difflculties
in attemPting to aexplain all observed effacts, More 1llkely

explanations atipulate that iv the hyperthyrold animals nore
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free catecholamine ie avallable bacauss of a decroesse in

the bindlnz capsolty by eerteln orgens nagagasry for its
inactivation ( 56,106,123 y, Tnis hypothesls possesass tha
advaatage of sxplaining tle potentiating effect sincoe
oxogenoua cavecholamine could not he dtaposed of aa readily
a8 noromally and besee Lhe exira effact, ‘thils theory housver
18 falirly new and it will bave to stand the test of time.

In anotber possibility, which has been suzzeated
for scoma years now, it lo mointained that thae thyroxine hore
moue aots by inhibiting the enzynes which are responsible
for inactivation of the eateanoclamines, 8 thoory which slso
sould ezplain the potentiating ofYact of thyroxineaincs agaln

axogonous gsatecholenines would be more affective in thair

e mend LI

aotlone, JIn additlon in tonls theory local effscts can be
ohtained without the particlpatlon of nerves or other, The
oxpoerimental svldeunce whieh supports thiie concept will now
be reviowed.

Cc. &ffect of thyroxine on monosmine oxldane mad cutecholeQw
methyl teansfarases

a) Honomains Oxidnsae

Thls engyme wes discovered 1n 1928 vy Hare (/30 )
and was suggested to 2e concerned with the destrtuctlon of
adrenaline and norsdronaline (/3/,32 ). It bas bsan suggented

that noradrensling 1s metabolized more ropldly than adrenaline

T



(/33,734 )}, ‘The lupertance conousmine oxidase hasg in the

antabollism of the catecholamines has been emphasligad by

“ellser (/15). The ohemical reaxctlion majy be roprosented as

follown:
OH
OH
?HOH
CH2 NH2 oh
NORADRENALINE on
MONOAMINE OXIDASE + NH3 or NHp-CH3
QH + H202
OH ?HOH
CHO
CHOH 3, 4, DIHYDROXY
I MANDELALDEHYDE
CH2NHCH3
"ADRENALINE

In ‘he pregence of en gldoliyde oxidase the 3,i, !
dihydroxy mndoelaldehyde i3 converted to ths corrsaponding
sold, Spinks snd Rurn were the first to eatablisk o relstione
ahlp betwean bhe thyroid function end wmonoanmine oxidamo {/3¢),
It was found that the Livers of thyroidefad rabhlits could
not metabolize tyramnine ae officlently as 444 the Llivars of

rathits {fed normnl diet., Thua a awall but significant

e
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dearoase of 17% wes noted in Lhe sctlvity of tha enzyme
when this activity wig expreszsed pepr mz of nitrogene Whan
the thyrold zland wops romoved the liver enzyme wane incressed
py 9%, an increcse which won statistieally slpulficant whea
expressed por 170 mg llver, 7Thyrotdectomized wmasla vats
shouwed a 207 ineresss in the liver monoamine oxldase whigh
wag significant when expresged hoth por 100mg of liver and
por =z nlirozen. The muthors asu-rest that these changes in
anzymatic actlivity were responsisle for the potentisting
effect of thyroxineon tha adrennllin hyperslyecenla uwhleh uns
observed pravioualy by Buru end Yerks (),

Trandelanburg (231 ) later sonfirmed thase resulia,
Having ssta~lished thet thyrold feeding of twentyArabbits
potentisted the hyperzlycamie effsct of epdrsnalineytits livers
of these rebblts were removed end tasted for wonoamine
oxldase sotivity, They ware eble to detect & small (19%)
sut siznificant desresse in tha enzymatiec setlivity expressed
per 17M0mz of livaer, the valnes balng compsred to fourtsen
normada,. e also damonstrated that when ephedrine, an
tnhibitor of monoamine oxidass, vas Injacted at hourly inbtere
vals %o maintain a proper concantration in the blood,the
hyperslyvcomie effsct of aedrensline was imoressed to the same
extent as for hyporthyrold enimals. Tyraming wea used os @

subgtrate fzr rmonoamine oxldasg and ranhilita of Hoth secxes ware

w1
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employed,

Working with male rats Zils and Lardy (¢7)
observed no d1fference in the rate of oxidation of tyra-
mine by liver mitochondrlel enzyre ohtalned from thyrolde
ectomizad and normal snlmals, n the other hand, when rate
were fsd dessicatad thyroid the ability of the mltochone
drial snzymwe to metabollze tyramline was reduced by helf,
“hen gerotonin and tryptanine wsre usad as substrales the
reduction was not as prominent, These workers eliminated
tue posaibllity of a direct actlon of ths hormons on the
anzyma, Thyroxingtrilodothyronina, triioﬁothyropropioﬂio
acid and 3,5=diiodo 3' bydrexythyronine wore without any
effoct whan thoy wers addad to the incubation wmixture at a
f4nul conocentratlon of 3.3 x 10«85 X, Praelncubsation with
these subatances likewlse d41d not affect the enzymatlo
aotivity. The presence of an inorganic inhiblitor which may
have hoen present in the liver mitochondria of hyperthyroid
rats was eliminnted a3 follows: the wmitochondria obtolned
from thyrold fed rats was bolled and then eddeéd to mn
active enzymatic preparation, The acb1v1t§ wos not affected,
#inally when portions of the mitochondria obtsined from
noraal and hyperthyroid animals were mixed togather the

rosultant astivity was the sum of that obtalnad separately.

The authors thus concluded thal the liver of the hypeorthyroid
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aninaels caontained lass active snzyue,

Zile (/37) loter reported that injections of L
thyrexing Irtriiodothyronlno,'triiodothyroaoetlc acid, DI~
Qmmathyl thyroxine cnd thyroxamine in male rats caused a
decreass in hepatic monosmine oxldsse amounting to 50% in thae
canse of Lhe three former substances and 39% for the two
others,. ‘eart and braln monoamine oxidese were uneffected
by this treatment but the specific setivity was consideradbly
less than of livers: the specific activity was flive timas
lees for brain and three times lecs for heart, 71le remarked
that the method used was perhaps not sensitive snough to
detoct any changes, In this case tyramine was uged as the
subatrate and the activity ls expressed por mg of nitrogen.

Roviock (/32) iunjected rats (sex not montioned)
with 150g/kg of & or D-trilodothyronins each day for ten
to fifteen days. Another group of rsts was fed thyrold
powder for twelve days. The injected rats responded by an
increase in the basal metabolic rate which amounted %o 1007
whoreas the thyroldefed rats raesponded by a 304 incraeass.

In adult rats injection of l:criiodothyrdhins produced a

. 79% inoraease in myocardiel monoamine oxidase but fnjections
of D-trilodothyroanine falled to do so. The effecot of thyroild
feeding was similar to that of Irtriiodothyronine (Irt3). In
young rats the myocardlal enzymatic setivity was lowor than

for the adult rets and L-h3 frentuent of these young rats

JRR——
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caused a 200% increase in heart monoamins oxidase activitys
D~t3 remained without effect. In post-nrtal rats where
prastically no sotivity ocould be detected Irt3 ralsed the
myocnrdial anzymatic actlivity t» that found in normal
adult rats, &hen heprtic monoanine oxidmse was assaysd 1n
rats fed dessicated thyrold the activity was found to de
only G0% that of the control, & finding which ls in accorde
anos wlth previous rasults, Novick found that when a 100%
Yy zes phase was ussd in the incubstion mlxturs instead of
air the moncamine oxidase activity ineressed ecousiderably
and tuareiore this method was more apt to detect any changs.
fubnook et _al using male rats (/37 ) somewhat conflrmed
Novick's flndings whean they observed that thyroideotowy
ceuged a decreasse in the wmonoamine oxidese activity of the
heart,. |

Uslng S-hydroxy-tryptamine ss the subatrate for
dotermining ensyme activity Skillen et _el (/#0 ) were able
%0 show sex dlffersnces in myocerdial monocanineg oxidnae
activity when rats wore fed dessicsted thyrold., Femnle rats
fod thyrold responded by a 70f incrasse in enzywe activity
‘but male rats similarly treatod showed no giznificant changes.
Fesdlng propylthiourac!l reduced the wyccerdial asctlivity of
wale rets bubt did not alfect that of femsle rats. The

suthors explaln that Foviek obtained an lanerease in ryocardlal
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moncamine oxidase actlvity as a rasult of thyroid feading
vecouss they hod included female rats in their groups
(personal communication $o Skillen),

| Hartman gt _al ( 54 ) did not find eny signifilcant
ehange in the amount of Clu-indoleuoetio acld formed from
ﬁlh-bryptamine by livers of thyroldectomized famales rats
but obgerved a deecrease in ‘he cnse of male rats, The
lmportanoce of the dose of thyroxineinjsooted is stressad by
the finding that injection of 12Qug of thyroxinein female
rats causad an incresse in hepstlioc monocarming oxidasse sotivity
whereas administration of SOUpg for five days decreased the
activity, both changss being signifloant for P< .05, In mele
rats doasss of 100ug for 7 days did not affsct moncamine
oxidase ectivity in liver but they dld not iry higher doses
of thyroxine.

B'Iorio end Mavrides (/42 ) injected a singls dose
of Zmg/kg of thyroxineinto mdl e rets end noted a 20% deorease
in the abllity of the liver of thesa rats to oxidige |
kymersaine. Whan two injectlons of Emg/kg were glvan on
two consecutive days the decrosse amountaa to }3%.

In famale rats Utley (’43) atudled tha affeoct of
thyronimetlic compounda on both liver and heart moncerine
oxidsse. In thyroldeotomlsgad fernle rats a dsoresss in
myocardlel =monosmine oxidase activity resultsd whereas hepatic

activity was slightly inorensed. 'The thyromimetic compounds
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lowered liver enzyms activity but slevated that of the heart,
vasterman { /44 ) found elevatad hepatic monoanine oxldase
activity 1n rats siven thyrold but no mantion is made of the
sex, |

It may be gaenerally concluded that thyrolde-trasated
famale or male rats exhibit low wmonoamine oxidese sctlvisy
in their liver, whatever ths substrate uged in the deter=
mination of enzymaetic activity., Hyoocardial sotivity of
femsle rats 1s inoraansad by thyrol: trsatnuent but that of
male rats does not appear to he affected. Thyrolidestomy
scems to decreane the liver monoamine oxidsse sotlivity of
male rats but to inocreass that of female snimala, Myoomrdisl
engyna, in hypothyroldiam, ls decreased in male rats but

gsasms to e ingressed in femsle rats,.

B, Cateaghol=0-methiyl transfarase.

This engyma has bean disaoverad recontly (/#5, /47 ),
In 1958, D'lorio and Pellerin (/«5) reported the ocourrence
of & soluble anzyme preaent in the liver and kidnay whleh
wan capable of methylating several cecechéi aclds in the
meta: position, The roeogtion was activataed by ths praessnce
of ALF, Mg reduced glutathione, and mathylating sctlivity was
raported to e grestsr Iin the liver than in the kildney.
These findinga fitted well with the demonstration of sevaral

guthors ( /4©./¥7,7/45) shat Jemethoxy-hi=hydroxyphatolic acids
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and othar similar methylated products ware exereted in
urins, Axzelrod (/#7) had desoribed the occosurrence of an
anzy7ma 1ln male rat liver which oould transfer the methyl
Jroup of S~ ajenosyl methlonina to the meta peosition of
adronaline and noradrsunaline and to other catechols slso,
fha enzymo was prosent in grostest amount in the liver, less
was found in the kidney and shelstal muscle did not seow Lo

sontaln any, Tho reaction may be written as follows.

OH MG ++ OH

OH S—ADENOSYL METHIONINE OCH3

S,

CATECHOL-O-METHYL TRANSFERASE

CHOH

_ CHOH

i 1

CHp NH2 CHz2 NH2

NORMETANEPHRINE

NORADRENALINE

OH MG +4 OH

OH S~ADENOSYL METHIONINE OCH3
CATECHOL-O-METHYL TRANSFERASE

CHOH CHOH

! , !

CHpNH-CH3 : CHa NH-CH3

ADRENALINE ' METANEPHRINE

A faw years vefore thess findinga, D'loric ot al

(%) nhad found that rats fed ilodinated cesein could not
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netabolize exogsnous adrenaline as well as normal animals,
After normal and hyparthyroid rats wore injected adronaline
the accumilation of catocholamine was obgerved to be greeter
i1n tho spleen and liver of hyperthyroid animals, In hearts
and adrenals no such difference wae notad hut tuwlee as muoch
fluorogenic materiasl accumulcted In the gerum of rats fed
iodlnated oasein than in the serum of normal rata, The
prohabllity that the thyroxime hormone acted by raducing the
cataballsm of the catscholamine wam incorepsed, 3ubssequently,
gimilar flndings were declared for noradrsnaline (/se), The
finding »f a new satrbollic enzyms promptaead investization
attempting o astabllish soms relatlion betwean the thyrold
hormons and catechol«O=methyl tranaferase, Marther work
confirmed this oxpectation, Indeed, D'lorioc and Lsdue {/s1)
recorded a L:S% decremss 1n tha mathylating activity of
livers of male rats welzhing approximately 200z and
injected with 500ngz of thyroximefor torea days, In agreement
wlth thess results was the finding thset rats injected with
thyroxire ond radloactlive adrensline showe# appreciahblis
deorganse in thair urinary metanepbrins, 'Since thelr method
of essay involved the maethylation of protosatechuic acid

in tho presenca of ATP and other necsssary co=factors, the
possibility could not be eliminated that the Z-adanosayl.
methionine sctivating enzyms mey heve contributed partly or

wholly to thig deorasas,

PO i =

o S
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In a later raport D!'Toris and Favridea ( 142)

; showed that liver monoamina oxidase and catecholel=-mothyl

; transferass actlvity were decreansed when rats wers injected
thyroxine, 7“ince Jeadenosyl methionins servad as the diract
donor of the metiyl group to noradreasline under tha influe~
ence of catechol-Demotihyl tranaferase, the partleipatlon of

other factors in thia descresse could be excluded, But

a bepatic monoamine oxidase was more sensitive to the influ-

‘ ence of thyroxine nince 1t responded to one injectlon of

thyroxine (¢ [4-50 ) whereas the mathylating enzyme respond=

ed to only two injections of 2mz/kz. given on two consaeutive
days. &Zven then the observad decrssse was smaller than

that found for the oxidizinz enzyme, In vitro, é direct
inhibiting effect of thyroxine analogues could be demonstrated
on a seni-purified preparation of setecholeDenatinyl
transforase ( 142,152), Thyroxine itself had no offect pre-
sumably hsesuse of ita poor solubllity at the deaired pil,

Aa for the analogues, rather high conoentrations vere necw-
ezgary Lo bring about thilsg inhibitory effect: thesa concen-
trations ranglng from 2.3 x 10°3¥ to 3.2 x 10-le, &

similar cbaarvation may also be made for the im vivo presults
which ls suggestive of a toxlo effesct rather than a physlo-
logle one. Indeed, “urtmwen ot _al {5¢) noted that doses of

thyroxine capable of producing hyperresponsivensas to adrenaline




e e R s

55

wers incapable of wmodifyini cardias or hepatic catechalele
methyl transferase as judged from the lsvel of H3 metane
sphrine in these tissues after injsction of #3 adrenaline.
After aduiniatration of larger doaca of thyroxzine (SDng) Q
small bubl signiflicant deorsasse in hepatic catechol=D=methyl
transferase ocourred, Thse authors! findings on monaamine
oRidase also stressed the lmportance of the dose of thyroxina.
employed and tiils hee already been mentloned in detall on
poge 50, Wurtman et _al (s5¢) olte the results of 3okoloff
and ¥Yeufmann ( /53) who showed that ithe in vivo treatment with
170ug of thyroxine inocreased the in vitro incorporstlon of
leucline and veline into proteln. In vitro small quantitias
of thyroxine increased the incorporation wheraass grester
amounts iohiblted protein synthesls, Thus Wuprtmen at_al
suggost that the observed decreanses in onzymatie activity
were aaused by doges of thyroxine which may have disturbed
proteln synthesis and hence affect indirsatly the snaymes.
in esesnce theae conalderations sarved as the atarting point
for tne work presanted in FPart 1 of the @xparimental lection,
From the foregolnz 1t does not appear that the
physlologle sffects of thyroxins on the heart could bo gxe
plalned by an inblblting effect on the ocatgholle enzywas,
On the other hand there are some indlcatlions trat thyroxine

mgy slow down the moncamine oxidase and oatachole=Oemethyl

SRR 5 ¢+
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tranofaranse actlvitioes of liver. This in turnm would ineressas

the amount of adronaline avallable In the liver and could

offer an oxplanstion for the slycogenolytlic offect of Lhy-

roxin and its potantlating actlion on adransline glycogenolyais,

Fopaaps also Lhe effeots of thyroximrcon On consuptlon may
ae erplained by thls actlon of thyroxine on thess snzymes 1n
liver. It has baen found that noradrensline and adrenaline
increase tha use of oxygen in the liver in vivo ( e¢,/e7 ),

It seamed worthwhile trerefore to relnvestiisnte
the lavel of activity of both anzymes under ldenticalewell
controlled bypertbyrold condltions, 7That is, in order to
preclude any eritlolism that thyroxineinfluenczs the ocnta=
bolle notivitles via agn effact on genersl nproteln synthesls
1t was declded to induce hyperthyroldism in male rats by
faeding thew a diat contalnins lodinated caseln but alaso ¢o
zive tham o supplement of vitamin Bla' It hes beon shoun
that thls vitamin when giwen In sufflclient quantities mey
complately correct ths loss in welght resilting from treat-
went with lodinated caseln ( 7#m }, Vitamin Byp has baen
shown to be involved in n:olalc acld synthesla (.,«) and thus
may indireotly bo concsrned with proteln gsynthesis.

The experlmantal desipgn also could permlt one to

probe into the queation of whether or not vitamin Byp or 1ite

matabolic products are impliceted in soms wey 1n the enzymatio

STRPPR o4
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pechanlam of catecholeQ=methyl transferase., Lhat such a
posgibllity s not a remote one comes [rom the reporis
showing that vltamin Byp or 1ts derivetlves sre implie-
cated in soma functional role 1in enaymatic ayatoma
including those ropregentling methylating enzymen. The
experimontal results pertainin: to thia subject will vow

bae briefly reviswed,
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e THF EOZYFATIO ROLIE NP VITAWIN Byo

The requlrements, vitanin By, ond its derivatives,
for propsr functioning of the methylmelonyl icomerase
snzyme has recently boon svidenced by several workers (/56

(50, 153, 159, 160 ) Thia enzyme is concerned with an lan~ere
lzanlén rogotion in which tha carhoenyl thiosster group of
sothyl malonyl CoA migrates to the methyl yproup of thae sane
subgstance (/¢ )} thua producing suceinyleCoi an impportant
iantermedlate of tho «rebs cycle. 7The Inhlbltion of this
engymatlec pathway was obsorved In animsls faod o dlaet dofle
clont in vitamin Byp (/52,757 ), It was found in exten-
sively purifiad praparetlon thet the aoctive prineclpls is
dimathyl benzimldazolyl sobaminag, (UIBC) a derifntiva of
vitamin 8yp (/¢ ) Passage of the purifled ensyrae through
a TEAE esllulese oolumn yielded an inactive proparation

hut which could he resstivated by sddlitlon of dimethyle
benzinidazolylcobamide, The enzyme hias deen shown Lo ocour
1e bacteria (/z) and in snimal tlsauves (sée, r¢3), The
gposnzyme from animal tissue is vregotivated only by the
dlmethylvenzimldazolyl apd the benzimidasolyl (/¢0)
anzymes, wheress the apceugy® from bsoterial origin is
mich lass apsciflo in its requirements (/6%),

Vitamin B32 hea also hesn shown to play an active

part in the methylation of homoysteine reactlon whleh ylelds

methionine ( %5 ).
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S methylfolate-Hy + bomocysteline = folate-i) + methlonine

In bnaoteria two kinds of ensgymee are reported

to aetlivote this reaction. One enzyme hes bsen shown to
contain vitamin Byp and has heen obtained from a mtant

of #. ¢oll., zrown with By (/e¢ )o The cofastors here are
raduond flavin adoning dinucleotide and fA-adenosyl maibe
lonlne and the subsirate may bs elther Semethyltetreshyde=
ropteroyle-monoglubemate or trizlutemate mathyl—té;aptarinn
ﬁq(/tc). The other engyma ubich has heen obtalned elther

from Z.coll or A aerozensg does not contain the vitemin

and requirzes no other cofastor than magnesium lons ( /6%, /7 ),

Buchanan gt _al (/47 ) lsolated and purlifisd from

pPig liver an ensyme which had the asme functionsl role as

thoss degseribed for bacterla snd which contalnad vitamin Byo,.

The vitanin content was perallsl to the enzymetic activity,
The enzyme also required 3-sdenosyl moethlonine, redusad
flavin edenine dlnucleotide and thus resomhles that ohtalned
from a mutant of Z. goll grown on 812,

The pososibility that methyl cobalamin may be an
insernedlate in thsse reactions arose when Guast gt _al (/%)
reported that mathyl ocobelamin could tranafer its methyl
molaty to homoeysvelns without tho particlpation of any
enzyme or other cofactors, The ronctlion howover wag stime

ulated ssveral fold by the presence of the Byp ensyme,

DI .. 4
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Puehanan st_al (1(9) rejected this possinsllity on
the basls that If wethyleoobalamin was the activeted form of
vitouin Byp 1t should bo forwed from the By enzyme, reduced
flavin sdenine dinuclsotide and “eadenosyl methionina, Than
the methylcobalamlin entyms would not require these cofactors
for full methylation of homooysteine from Semethyletetrahydro-
folate., But thls was nobl ihe casa, both cofnctors holng
aeoconsary Ior maximal gctivity, Ihe exsct rols played by
all these compounds is not understood at the presant time,

Dicker=men gt _al (17 ) obaerved that methionine
synthesis as judged by the transfoer of methyl zroup from N,be
mathyltetrahydrofolic acid to homooystelne wasg impaired in
liver obtalned from obicka fad a dlet deflciant in vitsamin
12« The 1n vitro addition of vitanin By, methyloohslamin
or “ybedimeathylbsnzinmidazolylechamide cosuzyme failed to

restors normal astivity,

An enzyme lsolated from Cl. tetsnomorpbum and

rgsponaible fur the lsomerlsation of S-metbyl sspartate to
zlutawate has bson snown to require a Byp cosnzyne and &
aulfhydryl reducing agent for sctivity (i72), This anryme
wag a8lss shown not to contain vitamin Byp 8s a prosthetic
group (L ),

Lysine fermeuntation to fatty acld and amnonla hse
peen demonstrated to be dependent on a dimethylbenzixnidazole

cohanidae coonzyme ( 13 ),
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Glycol and zlyesrol dehvdrases have slso been
shown to he cobamide dependent ( me¢,ms ),

The chemlecal atructures of vitsmin Bq5 and UVBC
coenzywé are reprasented oo paze Lla. It may ve sson that
ths maln structural differenece resides in toe avgence of
cyanlde and the prassnce of a S-deoxyadanosine group Iin the
coanzyme {176 ), with methylecobalanin the oyaniie molety 1s
raplacad by a methyl group.

There ars two common voints botween the acstaoholle
mothy)l transferasse end the 312 enzymss Tlirast, both concern
tho transfer »f r methyl group snd sacond, noth require S-
sedanoayl methionline, %o far oo studies havs ﬁeen made on
the possible partlcipation of vitemln iy, or its cderlvatlves
in the astivity of entechol=Owgethyl tranaferass, These
gubstances conld be eonoerned In tnlas asetivit: in two ways,
firat, the coanzyma form of vitanmin F1p or wathylecobalamin
may e involved as a cofactor, second, vitamin By, 1taslf
couli be flrmly attached to the enzyma 329 as to Torm the
progstlatlic part of the boloanzywes, Tn the first cese this
can e gaslly verifled by the in vitro adéition of &,6-
d¢lmathylhanzimidazolylechbanlde or methyleobalamin to the ine
cubatlion mixture sad oy gowparios tha activity wlth another
preparatlion not containin: these cofsoctors. There are two

ways to vorify the second posalbility) purify the enzyms end

detarmine the content of the vitamin 1f any or compare the

soramn
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Peterkolsky & Weisshach: Coenvzyme By Synthesis 623

H3N-OC+ CH, - CH, Me
20 MC :“CHz'CO'NHz

e CHy + CHy » CO*NH,

HaN-OC:CH;

NH— OC+CH,*CH,  Me
|

-G N
CHMe 74 Me
(i) o Me
: \/,P\O HO N
| L |
: R —
| Y4 Ne M
| 0w H
! HOCH;

Ficuni: 1. Structure of vitamin Bia,
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enzymatio activity in rets fod a deflecient dlet, ons group
balng injected with the vitauin, The latter approash has
Yeen chosan for practical reasons ocne 0f whioh 4is apparent
from the dissussion on page 5¢ , In any event catooholeOw
mothyl transferane has go far resisted sxtenalve purifiestisn
(2y mexbers of our laboratory) and Lt would not ke of
declded slgnificance to scorch for the presgence of vitamin

Eyp in such semi-purifisd preparatlons,
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STATRYNT OF THE PROBLEM

From the content of thls Introduetlon it 1s hoped

thet tha following melin polntg have ewerseds

a)

b)

in

1)

2)

3)

The aotlon of the thyrold hormone ie physiologleslly
and hlochamienally complex and 1s somehow related to
the catecholamines, The detalls of thls ralationshlp

are ohbsocure and mny be gouwplleanted,

ihare i1a a posalhillity that sowe of the physiologloal
effects of the thyrold hormona may be explalned by an
inhivltory action of ting hornone on the two wein

anzyras Which are respousidle for the Iinactivation of

the aatgeitiolaninas,

The work prezented in this thesis was initilatasd
an attempt Lo anawer the following questions:
Doas Lhe llver of normally-growing bhyporthyrold rats
contaln lass monoamlne oxidase and catechol=O-mothyl
tronaferass than the liver of rats wlth normal thyroid
Function
In those hyperthyroid rats, la the catecholaming cone
tent of heart, llvaer and Yrain incrensad?
Caa the cardlioesvagocualer changes obsgerved ln the hypoe
shysootomized rats and hormone~ireatsd hypophysectomized

ratas be atiributed partly or wholly to corresponding

B
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! changes in the catecholamlinge content of tho haarts of

theae aninals?

) Aro thsse ghanges, if any, spscific to Lue bnearts or are

thoy also preagent in othoer tlssuss such as the llver and

1 hraint

-
A

finally, is vitamin Byp ~r ite derivativea involved in

catacholeOwrnathyl -trensferase activity? !

gh.—wa« IS
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AT DRINHUTAL

1) tstermination of the Hpeal >elaholle ilste of iatg,

The procedure used for the detarminetlon of tne Oz
consumption »f rats was alresdy descrinhed ( W1, 1% ),

Rats wvors welghed to the nearost gran end weres then
slven nerhutal intraperitonsally 30wz/kz. A chamber, con=
glating of 5 ylaas cylinder or jar, the houtom of whleh uns
coverad with fresh sods lime to shsorb 0, and bhumidity,
was eguillvreted wilth oxyzen for el.ht mlnutes, After
squilinratlon, ithe ansstheslzad rat waa restrulned into a
cylindor made of wire wmesh, thsan plaosd in tho oharber and
the 1id was gerewad on the Jar, After a flve mlonute
equilibratlon period, a callhrsted glass tune wos wetted
and ong end was dipped luto llquld scep, so as to form a
sanble, ihls tube was fltted into the 113 of the jer,

iWhen thls was done and the chamber was hermatically
olosad the hubble wmoved steadlly tewardé-thﬁ chanhoer as
oxyzan was consumed. The time taken for thia film aesnl or
Pubhle &t travel from the flrsgt mark to the second ane on
thas tube wag raecorded !n gseconds, The volume bHetwean the
two markings was flve ml. “hen flve such constant readlines

worg mada tha rat was remsved, The matabollo rats wes

5
&
F4 I,
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axprassed as miililiters of Do consumad per minute per

kilozram body welght, Thls apparatug was supplied by Phipps

and Birgd Co,

?) etermination of Proteln.

he proteina ware doeterminaed 27 a modified Hluret

ceaction (179 ).

rogzental

Biuret Reagsnt (3tosclk). 45 zracs of potassium
tartraste rsagent grede were dissolved in about LLODmL of
Q.26 HNaUH in a 1 1litar volumatric lask, 15 gramsa of copper
aulfate pentahydrate (reagsnt zraie)wers added to Lhe flask
whila atirring. 5 graxs of potassium lodide (reagent gzreda)
waes then added te the wixture and dilution was made to ons
liter with 0,2N Hani,

Biuret Heszont (Liluve)., Une volums of stoek
ilupet lieazent was diluted with U volumas of 0,2 HNa” cone

talning S grams of potesslum lodlde per liter,

‘rocecure’

A certaln amount of the sample to be analyzed was
sddsd to a test tube and the volume was completsd to 2ml
with distilled weter., Then Sml of the dilute sluret leagent

was added and the mizture was left at room temperature for

ten minutes. The Hlank was prepared agimllerly with 2ml of

§
|
|

j2e)
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water, and all tubsa ware elssr. lesdings wero made at
ESap Lo a2 Colaman Junlor Spactrophotometer model &A,

_The amount of protein present in the allquot was
determinad by referring to e staniard curve of protein which
was made using orystalline bovine asrum albumin (Sisme

Chamlcals Co, ).

3) istermination of Hononwmine Oxtdnse in jiat Liver.

This enzymatloc assay wes performed according to

Welsabach et al (/90 ),

’rineiploe:

In this method, kynuraning 1s used a3z the gubstrate
and 13 oxldized by monosmine oxldass to the corresponiing

aldehyde. Tha reactlion 1s followed dy messuring the dila-

E aprearanes of kymiramine, Thls measurement wasz Jdone
speoctrophotomatrically, the dacreana of abasorptisn at the
optimum wavelength of tha substrate (360ra) beloy taken as

anr indox of enzyme activity.

Reagentas
Lypuramine dihydrobromids, obtalned Crom Hegis end
Co.s was digsolved In .istilled wator ond refrlgerated.
Fhosphate Buffer 0,54, pil 7.4, was prepsrsd by

titrating 0,58 dibaslc with D,5M monobasic phosphate solution

L LE
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unti) a8 pi of 7.4 was reached. 7The phosphate salts were
Fisher certlifled resgants, ILubrol, a product of C¢.Tl.L.,
wag kinaly supplied by ir. Xrerl. A 3.53Z solution of this
datergeht was preparsd with the help of a magnstlic stirrer

for a fow houra, Tbe solutiou uwas then relrlgaeratad,

Prepafation of the Crude inzyme:

In preliminary experimenta, liver was homogenized
in flve volumea of distilied wster ans descrlihaed by VWslasbach
8t_al (I80), For some unknown rasson 1llttle activity was
ontelined, Tt was difficult to Increase the aetivity by con-
contreting the homogenate bhenaruze the resultlng supsarnatant,
neline turbld, interfered wlith tho opectrophotometprlc sssay.
At this polnt Lubrel was usaed to oclarify the ﬁupérnatnnt of
the concanbtreted homogensite, liot only :iid we flnd thet
thls gave a more itranaparsnt supernatent but the enzywe
actlvity was also lncreasad, 4ctually, there are some rge
ports &in tre literature (/9/,/82 ) ghowing that solubilization
of mltochondrial monosmline oxidase with certaln detargants
increnses the activity of the enszyms,

The final procaedure for enzymatic prepsarstlon was
a8 follows?
A1l operations were made &t 09C axcept where otherwiss
stated, Liver tissue was homoveniged witix two volumaes of

a 3,53% solution of Lu»rol, The homozenate waa then centrie

1
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fuged in a gerval centrifuge moisl T 2 at 2,000 g for
fiftean winutea to remove cellular debrias, The reaction
was ocarrled out at 379°C in lom quarte suvsttes. The 3ml
incubation mlxture contalned 150prols 2f shoasphate buffer,
Ou3pMols of kynuramine, 2.7m1 »f liver supernatant and
water as dlluent, A blank was gst up in the same manner
hut with no substrete. ine rate of decressze of absorption
at 260wp wes weasured 1n e Baousch and Lombd recording
spectrophotometer (pactronic 535). iicadings were commenced
two ninutes efter additlon of ths enzyme %o allow temperaturse
aquilidbration, and pursued for ten minuten, usuring this
pariod the deeraanse was linasar, The tempersture was kept
sonstant by meons of & water jeclket surrounding the cuvettes,
Tho water was supplied and cireulated by a water bath of
eonstant temperature, The hlank in this assay procedure
“og8 nol acoount lor any affect of Luhrol on the substrate
itgelf, however ln a gseparate set of control experiments

it was shown thet Lubrol did not alter the shsorption
apactrum of kynuramine exposed at 37°C te this detargent for
tan minutas,

Froezing tne tlasus for seversl weelts d1d not affect

the sotlivity of the enzayms, The results of a typloal run

are shown in Pigura 1,

h) Determination of Catechnl=0eMothyl “ransfarase in Liver,

it et
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The enzymatlc assay procedure was esssntially that

desorlbed by Axolrod (33},

Frinciple:

After adrenallne has been converted to metanephrine
by the enzyme, the product is extracted from the incubation

mixthre and is measured fluorimetrically.

Reagents:

Adrenaline bitTartrate, procured from ‘‘inthrop
Laboratories, was dissolved in glass redistilled water,
divided in 1ml allquot and frozen: fresh.sclutions wers made

after two wseks of storage.

S-adanoayl methlonine, purchasaed from Calblochen

was dlssolved In bldlstilled wataer, the solutlon was sapar-
ated Into ssveral portlons and, when stored frozan,could
be kept for several months,

Metanephrine HCLl, purchased from Mann Rasssarch
Laboratory, was dissolved in bildiastilled water, divided
into several portions and thus could be stored in the freszer
for a long period of time,. |

Tolucne~isoarmylalcohol purchesed from Filsher
Solentific Co., wasg prepsred by adding 300ml of toluene to
200ml of isoamyl alcohol and mixing. Although different
batches of toluene invarlsbly gave Satisfactory results,

this was not so with the isoamyl alcohol, Some batchos of
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the latter solvant caused guenching or low readings on
the fluppomaetor and thus reduced considerahly the assngi-
tivity of the mathod., For this reason new batohsa of

iscamyl aloobol ware always tested holore uss,

OelM HMagnesium Chloride: This was prepsrod from
the reagent grade salt obialned from Fisher Sclentific Co,
and was kept rofrigerated,

0.5 FPnosphate buffer, pH 7.9: & 7,54 solatlon of
the disodlum phosphate snlt was adjusted $o p! 7.9 with a
0,5 aolution of tna wmonosodium phosphate 8#alt. Ihe buffer
was kept in the refriserator at LH1O0,

7,2% rorate »ulffer pH 19: This was preparad by
dipolving7,7g of woris acld ( Fisher Sci. Co. ) in 250 ml, 1M

golution of K71 and this acolutlion wes adjusted to pi 10

with 0,98 Nafil,

Fraparatlon and Asasey of the Liver ¥nzyme,

All operatlons were performed at 09 except where
otherwlse stated. ULiver tlesus was homogenized Iin two
volumes of isotonle KC1l and the hcmogen&ta was caentrifuged
for one hour at 29,000 & ‘he resultant oclear suparvatent

was used for the eneymatlec assavy, The lnoubation mixturss

were as followsd




hdrenaline

“ulfer

g C1,

Jwpdanosyl methlonina
Fetanophrine

LnTy e

3

21lank

Ip mol
100p mol
20p mol
0

0

04,5m1

Ftandarad

1 wol
139k mol
20p mol
0

10=20pz
O.5m

Teat

n mol
120 mold
20n mol
1 mol

0

Be5ml

In egach tube the volume wos adjusted to 2ml with

double distilled watar,

The incuvatlon was carried out in

atoppored [j0ml centrifuge tubes immsrsed in a water bath

saintained st 37°C.

4g soon 38 the enzyme was added, tLime

was recorded for two minutes and the reaction was atoppoed

by additlon of lul of borata buffer, pH 10,

This oshort

Incudbatlon time was choson heonuse a timeecurve study

poarforrmed twice with the cerude liver snzyme preparation

revaealed that the reactiosn was not linear slfter two minutes

ag osn na asen from Flgure ILI,

“eyond tnis short intorvel,

ihe sonelinearlity of the snzymolic rate is not due to tho

prossnca of inhikltors i{u the crude enzyma praparation

vecougo 8 slimilar tlmee~curve wss obtained (kef. Anierson

#rivate communieation) with a semlepurified prepaeration of

catasholeO-mathyl trasnsferasae,

After addltion of thne rorate buffer, metansphrine

wag oxtracted by mechanlcaelly shaking the mixture in

pressnce of 20ml of toluenaeelirmoamyl alebhol for thirty

ninates,

Yach mlxture was then centrifuged at 2009§ for
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Figure II

: MICROGRAMS OF METANEPHRINE PRODUCED BY A CRUDE
N PREPARATION OF LIVER CATECHOL-O-METHYL TRANSFERASE
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fifteon minutesn, alter whish time 1%ml of thae olear
supornatant wag transferrad to another LOml cenirifuge
tube contalning Liml of 0,1K i0l, Ths two phases were
machahlcally shaitan for five minutes and after sattling,
the uzper layer was removed by suction, The ameld phane
wag rszd In the imlnco-‘owman spactrofluorometar using
255mp es activation wavelanst® end 33%wp a8 emlsalon wavee
lengt., “he instrument wes edjusted to O with a blank
sampls, The smounts of metTanephrine in the teat sarnles
were astimated by comparlson with standards deserivaed
previously, The amount of metTanephrine recoverad in thilg
procodure is approximstely 60F ss noted by Axelred (i83),

In eoch run two differant atandsrds (10 and 20pg of

metansphrine) wers preparsd and the readings varied Jirnatly

with ths oconcantration, All roadings for tests and
starndards were wlthin tha range of linearlty of the instru-
rant. Theze represented concentrations of metanaphrine
withln the 1llmits indloated Ln ©lgure 111, 1.e¢, not

grenter than L0 microzrams, The freezing of tissues and

atorece at =209 d1ad not affect the enzﬁme activity for

at lsast tun waekts,

©) Dateroination of Catecholamines,

The method deacribed by Jourkes (/8 ) involving the

proclpltation of tlasue proteins by trichlorscotiec aeld,

DUSTRRRI B2
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abgorption of the catschloamines on alumine, slutlon end
corvarsion of the catecholamines to fluorogenic material
hy lodlne oxldatlon <414 aol wlve satisfsctory results in
our nands. The recoveries were low (about S0/) and
variable, The blenis were high and nhardly any catechol-
amlae could de recovered from the liver., The matnod pro=
posed by Anton ané iayre (/85 ) proved to be more zonsitive,

more reproducible and thus was adopted,

Frinciples

Catocholaminesirom tlaaues are seleciively abgorhed
on alanlina end itben eluted with perohlorle aeld, Tha
difforantiel oxldation of adrensline snd noradrenaline to
ths fluorescaent trihydroxyindcle derivstlives was sohisevaed
by using ferrlcyanide at two different pfl's. The {lusro-
zhore »f ecatscholowines can then be weasured with the

[laoromoter at apecific wavelanzthe of astivation and

amlaslon,.

Lsazanta:

1) Aluminum oxlds (woelm Alupbarm'tzemicala, Beutral

Actlvity, Grade 1), It was prepsred ss followss

A) 120 graens of aluminum oxlde were added to 500ml of 2W (1
in a 1 1iter beaker which was then covered wit: a watch
glaese ond haated at 90 to 10995 for forty five minutes

with continuous and rapld stirring,.
4]
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1) Yhe bagker was removaed frowm the heated siirrer and Lthe
heavier particles of sluminum oxlde were allowad to
sottle for one and ocna-half{ nminutes, 7The supernatant

fluld was digoesrdod with fines,

[v]
St

ihe precipltote was washed twica with fresh 2%0ml

portlions of 2% H’l at 709C for ten minmatea, iscerding of

the supernatant wlth fines.was repeated each time.
@) In a f£inal acid wash the sluminum oxide was stirrsd with
SNdml of 24 10l ab %09 for ten minutes,

%) After dlscarding the 5.1 the ~racipltate was weszhsd

repsatedly (about twsnty to twanty five tlwmaes) with freash

270m1 portions of dlstlllsd water untll e pil of 3.5 was
reached decansins the {iner partioclas each time,.

#) ©inally the alumloum oxide was transferred to an
svaporatinz dish hoated at 1299C for onz hour and at

aoobc for two bours a2nd then stored in a dessicator,

2) Perohlorle Aeld O.47 and 0,058 uwas preparesd by
diluting 11,64 percnloric acid (Heker and Adamson quality).
3) 0.5% Phosphate buffer pT 7,0 prepared as previously
daesoribed,

) 1.69 Acstic socld prepsred from glacinl acstic amcld,
£) Potasalum ferricyanlde 0.25% was prepared froshly
apoil day.

6) iscdlum sthylenadiaminetelraccetote,
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) d3aalum hotahisulfite,
2) Alkaline eacornate swlutlon wes prepered immeiiately

belfors use by dissolving 10mz of aseorble acid in J,1lml of
biﬁiétilled water axl tuen adding Sml of 108 ¥ali,

) All resgzents wers propared with bldistilled wator,
‘e sscond distilletion was carried out from a 7,1x
solution of disodlum ethylaenedlamine tetraacetals in an

3ll »lass gtill.

reparation of Sarpleass

1) Frozen tlssus was thawed and welished to the nearest
centipyrem Tor liver end bratln and to the nearest mgz for
heart,

2) Homogenizatlion was carciod in lca-uold Ddi™ pore
chrlorte acld, «when the welsht of tissue wag less than 2p
s3chy a3 for bheart and brain, 19%0 of perehloric acld wag
usad bhuy abovs thla welpht (Sg o llver wos ususlly usaed)
a%nal of perohlorle ncld wns amployed,

3) Tha homozenste wus kept 1n ice for s lesst onowhalf

kour before conbrlfiuration to allow 111 precipltation of

protelns,
i) Cantrifugstion wes carriad out at 0°C at 30,7003

for LY minutes In 8 refrijerated Sarval centrifuge,

LY

P Thes supernatant wis then decanted snd traasfarred to

2 1D0nl bagiter containing:

i AT S
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00mz of aluminum oxide

200mg of digodlam ethylsnediaminetetraacotata

10m3 of sodiur matablaalfite
6) | The mixture was stirrsd with a magnstic stiprer
and the pH wes ralised to 8.6 as reguired for gvasorption
of tha catachelamlinaes on the a%?minum oxide. for the end-
polnt, s few drops of phenolphealein wares aided and with
the help of a Pasteur pipjoatte, first a 54, and then g 2.5¥
¥aoH golutlon was graduslly added to the mixturs untll a
vary falnt but peralstent pink color was obtalned., Anton
and Sayre sugsest the use of 2 glaess stirring rod and
stirring motor combination, “ut in our hands thils oroeedure
zave inasufflecient mixlng and was time consuming, With tha
ues of the water-driven magnetic stirrers connectaed in
asries, alx samples could be dealt with at the same time and,
moreover the grindins effeot (1f any) of the stirrer bhnp
pabbing on tha aluminum oxide partieles 31d nat interfere
with the readinge, Alao, the use of the phanslphtheleln
andep~int ingtead of s pi meter for indiscation of the p'i was
parhops less prscises bat was time saving and, after practice
save sutisfactory resulis, |
7) The mixture was then tranaferred to a L10ml glease
atoppared centrifuge tubas and centrifuging was performed
brisfly at 1500 r.pe.m. U0 8llow guiek settling of the
aluminum oxlde psrtloles. The supernatant was discarded by

suctlion, 10ml of bldlstilled weter wung added to Lhe
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orizinal veaker uwbloh contalned a small raesidus of alumi-
num oxlide particles. This 10al weshinz wes tranaferred to
the same centrifuga tubs which wna thnen ahaken for two
minaﬁsa ard osntrifuged again, The ringing of the healer
as wsll as the washing of tha aluminum oxids was donae at
least four timosz.

g) After the fimnel operatlon, the supsrnatant wash was
romoved as carefually as posszlble snd 3ce of Q.58 perohlorie
acld wes added to the sedliment, The 2lasa atopper was
sseured tizhtly and claution was perforzsd by shalking
riftesn minutes wlth a mechanieel aglitater,

9) ihe eluate wae ther transferraed to 16ml poly=-
athylens tubes, previoiszly cooled in ice, and cantritfuced
fiftesn minutes in a refrigorated “erval. conirifuge at
30.@00§. “ith the ala of a rasteur plpette, am much ss
posaldle of the clesr supernatant was then slowly removed,

divided squally linto two tuves and atored in the frsszer.

Ona tuce was used for daterminatiouns at pii 7.9 and the other,

for anaglysis at pil 2,

d¥iith each batel of sasples thrés Internal atandoaxrds
of adrennline and thres 1internal standarda of noradranaline
wars ran through the wnole procedura, The conceantration
of tnege starderds was chosen 80 na to give rasdings Iin the
proximel renge of spamples, The recoverliesfor usradrenaline

anounted to 887 ¥ 81 and for edranslins PO £ 87,
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Convarsion to and Uetermination of the ¥luorophore.

1) The eluate, prepsred az just stated, was allowed
to thaw., 0O.20c of the pi! 7,2 buffer or 0,2cc of 1.6%
scatic actd (for oxldatlion et p’ 2,0) was aided to amall
test tubaes, To each tuhe J.bLee of the eluste wes alded
and nlxed thorouzhly.

2)

19

0.94ml of 0,25¢ farricysnidae anlution was than
addad and nixed Laoroughly,

3) “xectly two mlnutas after addltion of ferricyanide,
Qodiinl of alitallne ascorbate aolution was added and iwmadletaw=
Ly mized,

) After fiftesen ssconds exactly, 1wl of bidistilled
water wee added and Lthe content was thoroughly mixed,

5) r'ne content was transferred into cuvettes for
readlog In the dmlaco-Hownsnn spsotrofluorometsr, For
goradrennline, at pH 7.0, tte zctivation and emiseion wavoe
lengths were 409 and 519mp raspaeetlively end for adrensline,

gt pd 2,0, theza ware 22 and Szwmp respectivaly.

The instrument was adjusted to. 0 reeding with the
nlanks. Ho dlffersnce was ohserved butwesn blanks obtalned
by omlttling the ferricysnlide and "faded" blaala ovtalned by
ombtting ascorbate from the alksline solution, For
practical rossona the former blank wes sdopted,

Although readings for samples prepared by oxidation

at pil 7,0 ware quite stable, this was not so for those at
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lower pi, in wxich case rsadings were taken re;alarly,
Bxagtly four minutes after sddliion of ferriocyanids, 7This

instabllity was most epparspi 1n determinations of the

tissue sanples,

All desterwminations were mada twice for Y TeD
samples osud at leest twice fur pi 2 sarplan,

At pl 1.0 both noradransline and edrenaline mey cone

trivute to the amount of Plucrascaent material produced, 4as
tiis pil in lowered thefluorescence dus to noradransline
decreases appreclably more than for adreauline. The ldga 1s
Lo increase the srount of moetic naid so am Lo suffialently
raduco the readinz due to norasdransline w.thout affecting
tno much that of adrennline, e found, as Anton and layra
d1d, that 0,2ml of 1.6N acetle acld gave adeguata resvltg.
vhen more ascld was added readlnes dua to adrenaline

decroasad conslderably. inder these condltions the fluore

esgence dus to noradrensline was agproximately 7 of that
obtalned ot pit 7,05 the fluorasssonce Aus to sdrenaline at
lowsr pf was 357 of that obtalned at higher pi,

The followlng equations apply f&r the dl”srentlial
satimation of adrensline end noradrenaline,

1) oredrenalines G ( A=B x )  2) Adrenalline (» x 8

100« D = ¥
1<

A3

)«( DxUAXE )
1 1“0 100x3
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HA = susount of aedranaline in the allquot »f the acld sluate,

B4

A& = not N ucreascenca at pil 7,0

B = pat flucresgcence at pi 2,0

!

i

!

i
et e et e e s o sk LT

O = that ooncontration of nopsdransline in the cuvette wbhich

producged a net fluorescence of 100 nt pil 7.0

U = percentape »f nuradreraline oxldlzed at pid 2,0 ag

compurad to p 70 (57)

“ w that concentratlon of sdrannline in the cuvette which

producad a net fluoreacsncs of 120 ot p¥ 2,0

4 = net fluorescence of adrsnaline (P) at pi 7.0 {120%)

Tra factors prercnt in the nanerator of both equstions are
by far the most loportant, In the case of norsdrenaline

b x H reprascsnta the amount af fluorsacence cﬁntr%buted oy
gdrenaline at pd 7.0 nad t-lg awount must He subsiracted
from the total fluoresasnca oblaluned at gl 7,0, Thiz sives
the fluerescence contributed by noradrenaline alona, The
rasultant value i3 multiplied by C which s a celibration
factor oud whlch alaos corracts for raeoveriass, sines an i
Interral standerd was tecen to calenlate ¢, In the cass of |
adrsnalins the net fluorescencs at pid 2.0 e maltiplied by
¥, thae equivalencs af ¢ {or norsdreraline, "rom this
axount ia anbeatracted L 2e amount »f fluorescencs soutrie 3
buted by noradrensline at pd 2.0 ond wrlobh 1s represented

by tes term DxNAxP, Thus bBoth equatlons give the amount of

2 T
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noradrenaline and adrenaline prosent in “.lce of aluotes
!n opder to ontaln the ~uantities of catecholanmines preasant

orliginally 1o thoe gmount of tlasue used, the values obteined

from tha oquations miat be multipliad ny 7.5 ( 3m) eluate ),

Jeiml sllqguot
Thae asnaltivity of tha msthod was suoh that when a new

ﬁeﬁon lamp wos aged in the fluorimeter, as liitle as lopg
of catacholamlne oould ba enally detsoted,

It must be emphasized that tvhe glassware had to be
agrupulously olean in order to obtain low olanca and full
saﬂsitivity, Thuis was perticulsrly lwportant for readinga
of pu 240 samplos alrce the emount of adranaline in brailn,

Peopt and espsclally liver 1s very low,
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IN VITRD STopias

ATTEMETS P PIND AD 0FPECT OF VITANTN Byp A'D METNLIODA-

LabIN Q8 A 3iVler Wi IPTED PREPANATIONG OF CATHC 0 LeGeMETHYY,

LHANSFAHASE

The seniepurlfied prepuration of the enzyms was
k¥lodly supplled by Dr., Fovrldes from this laboratory, Ten
milligrama of tols enzywe was used through thesa aaxpori-
ments to obtein thae deslred activity,

Tre finsl concentration in the incuvation alxture

wasl
Adrenaline: 5 x 10'hN
J=Adenceylmaetnlioninat © x IO'hN
#exnesinmx Chloride: 1x IQ"QH
Phosphate “uffer: § x 1072y

When vitanmin By, was odded In the following done
cantrationa, 1 x 10'3M. 1z 10‘“%, 1l x 10'6m the amount of
metanephrlngs formed was exactly the 3awe as In the control
tubas, |

Likewlnse, methylaeobalanin could not modify ceteche
O-methyl trensferese asctlivity at the following concentrate
tons: 1 x 107Uk, 1 x 10~5m, 1 x 10764, Helther could
wothyleobalamnin replace Zeagdenosylmethionine at concene

tratlions of $.5 x 10'“%.




8%

We did not try the effect of 5,bedibsnzimidazolyle

cobauldia on the enzywe slnce it was not commaroislly

availaenle,

HrLaMET W LEL AN B OPEDT U YITAMIN Byo O MOHIAMINE OXTDASE,

locause in vivo resulss ghowed tirat the livar of

ratas trested with 312 ar:IbIlted lower mounosmine oxldase

to investl:ate on a poasible direct affuct of the vitemin

on the enzryme,

oxldase was ohtainad from 3ilgme Chemieels Co. (Beef plagma

anzyms type 1). Ths method followed wns described by Tahor
et _nl (2/9). The procedurs iz assentlially the same ns
tesoribed page (7 , ezcapt that the medium wse buffored with
.21 potasslium phosphate pif 7,2 and henzylomine served as
Ltite gubstrate, Penszylamine sulfate was prepared by dige
solving 1.07 g . of redistilled benzvlamine in Sml af 2N
sulfurle acid and diluted to 190wl with distillad water to
a fingl concantration of 0,1M,

Tha incuhation mixturesln silles cuvettes nonsisted
of 1lml of phosphste buffser, C.1lml of 0,1M benzylasine
sulfate and water to a final volure of 3ml, The blank cone
tained the same m=dium excopt thet no sungtrate wes added,

Tho formation of benzeldehyde wes followad by maasuring the

aetivity than the lliver of rats not given Byps Lt was decldod

For this purpose, a purified preparetion of monoanine

RIS v
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changs in optical denslty at 250mp (absorption peak of
benzaldehyde), The wsetivity was messured at 38°C for ten
minutes,

Vitamin 912 at inal concentrations of 1 x 10‘“%,
1x 10'5M, 1= 10’6H did not wmodify the metivity of this
anzyme, rreinouvation of the anzyae with hufrer snd vitanin

813 at a final concentration of 1 x IO'BH for ten minutes

‘ likewiass did not dring any change,

- SR
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IN VIVO 37UDTE3

Preparation of rats

The vitanin Byp deflcient dlet wur praopsred as
Tollowss

Unlaar Otherwise stated the rollowing inzradlenis
were obtalnad from Nutritional Blocchemloals Co.

Flrat the vitamin or vitamlnelike ocompounds ware
uized in the following proportions, thismine 0,180g,
riboflavlin 0,360g, nicotinic acld 1,200z, pyridoxine 9,180
g panthotenlo acid 1.500g, choline chloride 120,00g,
paraaminobenzoic scid 3,00z, hiotin 0,006g, foliec acld
740155, inositol 60,00g, menadione 7,120z, total
186 ,861g., To this waa andded 600g of corn meal (from
iltohle Faad Co) 100z of the above mixture wes added to
the folloulns; rixture, corn mesl 2,28kg, soya neal (from
tiltehia Feed Co.) 2,28kg, Salts IV {Phillips and Hard)
1093, Vazola Corn Uil 260y, cyatine 1%5g, for a total of
Sky of dletes The lodinated caeseln diet was prepared by
mlxing Sg of lodinated casoin to Skz of the sbove diet
thus constltuting a 0.1% iodinated caseln diet, Hixing
wag done 1in a2 mizxer espsolally constructed for thig purposs,.
The vitamins were firat added to the corn meanl and mimling
was allowed seversl hours., The next ingredlents ware added

one aftar another with thorough mixing between addltions,
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The whole process lasted one end onec~helf days,

Sixty young male weanling rats (3prajgue-lawley
strain) when received wei hed aoproximately 35z . They
were divided Into four groups: twanty slx rats ware ziven
the basal dlet (deflclesnt in vitesin By5) and half of
thage were injJected with vitamln %y, The othar thirty four
were fed wlith the lodlnated camein 41st and half of thase
8leo recaived injectlions of vitamln 12« A greater numher
of rats wsre ziven the lodinated cameln dlat hocauss we
expscted a higher wmortality rate in theso anlmals.

Vitamin Byp wes recelved triturated in mennitol
and a8 such wna dlssolved in 0.9% #a.l., 2pg of Byp uers
2ivan inspramszcularly every day and injectionBAwere atarted
thirtesn dayas after the rats hsd baon started on the slet,

Throe times a wesk, all rats were xlven orally a
ey drops of pre-daylin (Abbott Froducts HPR66BE) which
consigts of a mlxture of vitswin &, ¢ and U,

The rats were placed in Indivicual ceges with
ralasd soreenand bottoms and the temperaturs of the room was
controllsd. 4ll rats wera fed ed 1libitum and frash water
wag given dally., The rats were kept on this traatment for

thirty eizht days snd thelr welzhits were recorded daily. AS

the momant of sacriflee, Lhe rats wore lilled by dscepitation,

the orygans woera qulokly removed, rinsed in cold isotonic fC1,
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Figure 1V i

RATES OF GROWTH OF RATS UNDER VARIOUS EXPERIMENTAL CONDITIONS ‘
BODY §
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blotted dry and stored frozen in individual plastic bags.
Plgure IV represents the different growth curves of
ths various zroups of rats. As mey have bheen expected,
ths lowest curven ara those reprezenting avimals not
tnjscted with #y5, The effect of the injected vitanlin ls
porcaelivable although not very marksd from the dey the rats
wera injected, Thls 1s provably bacause the animals were
not in a deflclont state wWhen purchasad and might have had
sufflcient endogenous vitamin to permit normsl growth for
a fTow woaka avan with a defiolsnt diet, FHayond thresa wesks
the leer of growth 1n the daflolent animals becsvwe manifest
and this was corrscted by adminlatration of Bys. It 1s also
gpparant that the animsls fed lodivnated caselin, By, deflcleat
dlet wore also restricted in thelr zrowth wbhan ccompared to
animala fed a control Byp daflelent diet, iowacver, 4the
zrowth of rais fad the iodinated caseln diet end given 245
finally excesded that of rats given the control, 312
daflolont d1at. Thls is more than could have basn predisted
from previous work (/51,34 ) whare vltamin Byp ndministretlion
failed to completsly correct tihe loss 6? welizht axpasrienced
oy animals given thyroid or fed a 0,1% ilodingted cessin dlet.
A very rough estimation of food conaumption waa msds
by welzghing the amount of dlet remaining after thirty eizht
days of feeding and deducting thls amount from the originel

walght Lerora fseding, Thus 1t could be astimated that the

2 S
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3
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3izniflcance P<.O

Bormsl daficlont dlet.

0.1¥ todinated dsflclent dilet,
* Rata wore injacted sach day with Zug/us of vitamin Rya.
t 2411 values ars raported in grams,

Trestad with .a’é

Liat A

239
265
262
256
23
259
2kl
239
255
23
2340
235
29

a6

Yi3z

—'?-5‘{
P <e0}

lat B

226
202
236
229
244
218
242
209
157
21h
257
221
2ul
203
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rats glven ths contrcl diet conavmed an aversye of 623
gramg of dlet per rat for thirty sight dayas whereas the
rata fed the Lodinated cageln dlet consumed 675 grams of
diet per rat for the snme period of time., These regalts
are not surprising even ia terms of the restralined growth
rataes observed for the rasts kept on the lcdinated ceogolin
d41at, Une must asnsldsr that the hypoerthyrold animals are
in a couatant naed of snerpgy since they are incapable of
conserving whatever energy ls wasied as hoat,

Table 1 rspresents the final body walizhts as ree-
gordad just before the rats ware sscriflocsd. =2tatistiocel
cormparigon in thia Tables and In all others were made
aocordling to the student t test., In the groups fed a nore-
mel ¥y2 deflolent dlot, the ineresse in hody welight caused
by adzinlatration of Byp was of tha ordsr of 15: and for
those fod tha lodinated casalin dlot it wes 207, both
inoroases wore statistlicelly aiznificant (P < ,01l).Comparing
thoze groups with and without Byp, there was a comparshle
slznificant dscreage of some 108 in the body welzht of the
animals fad ths lodinsted-cagsalin ration, Iilowaver this
decresss was small compsrsd to that ohtained by previous
workera ( /s¥,74 ) with the same ooncentration of lodinmted
cassin, Tha differance was even zmaller four woeks after
Lhe animals hed baen glven :ths dlets and although certaln

sywptoma of byperthyroldism began to appear (alizht treror,
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Table 2

E§

EFFECT OF A DIET CONPAINING 0,1% IODINATED CASEIN OF THe

METABROLISM OF RATS

4+

Untrested
Number
of rat Dist A¥ Diet B @
1 20.5 38,2
2 18.5 38.1
3 2643 36.8
Ly 2.3 3445
5 20,0 36.3
6 22.3 35.8
1 27.2 39.4
8 24,0 377
9 21,5 373
10 22,4 347
11 21.0 39.6
%g 16,2 g?.g
1225 {e
1 40,1
15 39.4
16 hile
17 o8
18
Average  21.8% 3,1 34,1t 2.85
% Change + 75%
Siznificance P<.01

# Diat A: Wormal daficiont dlet.

Trea

ted with Bip ¥

Dist A Dist B
23.7 40.9
22,9 hach
20,7 36,2
25.3 31.9
2%03 31.7
l .o 39 .2
SO
. 36.
ig.é 43.0
16.6 384
2545 33.1
21l.1 47.7
26,0 36,6
35.3
h}(og
37
37.5
39,8

22.1

Y3.6 37.8Th.3
+ 7%
P < .01

® Diot B: 0.1% lodinated casein defilcient diet,
% Rats wore injected each day with 2pg/kg of vitamin Byo,
+All values ars reported as vl o 02 consumed per minute per

kg body waelght,.

i




96

Table 3

SUFECT OF YPIETHYROIDISM o8 DAT iART walnir!

Untrastad Treated with ala*
Number -
of rat. Control Uyperthyroid ontrol Hyperthyraid
1 661 1.238 952 1.540
2 OLT 1,266 1.008 1.670
3 <837 1,273 0925 1,320
4 . L3 «999 1,310
5 +850 1.220 »899 1,420
7 «369 1.079 852 1.358
8 679 1,295 859 1.392
9 N 1.274 « 8365 1.463
10 Bhs 890 «935 1.305
i; oggg %og%i 09&,13 : 1.292
«835 . «301 1,211
13 1.396 2810 1,378
1 1,032 1,227
Average 0791t 0082 10177 ‘.’: .w 0901 t .0‘39 1.3&& -.!- 013
% Chanze + L8 4+ 518
5ipnificance F <01 F<¢ o0

1 411 values are reported In grema,

* iats were Injected aach day with 2ug/kz of vitamin BI%'

+ llyporthyroldism was induced by feeding the rats with 9,
cagein dlet,

1%

§
;
¥
¥
i
:
i
}
!

S




97

Table g

FPSICT OF MNPEHTHYACIDISY 0N BRAIN W2Isur'

Untreasted

Namber

iodinated casein diet

of rat. Coatrol ‘Hmert.'rzﬁxrcxic't-'F

1 1,39 1.57
2 1.63 1.49
3 1.38 1,56
h ltha 1.6?
5 1.53 1.62
6 1.51 1,59
7 1,59 1.58
8 L2 1,73
Averaga 148255 1,60 5,073
£ Changzs + &
Significance P<,02

t A1l values are reported in grams.
+ Hypsrthyroldism wns inducead by feeding the rats a 0,1%

[ ]

e
Treated with B2

Control ‘Hypsrthyrold

1.68
lo!lé
1.34
1.27
1.73
1.57
1.59
1,70

105’3 t 17

+ 3,95
P> .02

1.69
1.67
1.69
1.67
1,52
147
1.57
1.59

1.60

* Rats were injected each day with 2ug/kz of vitamin Bya.

-+

0

8

5

]
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scarcity of fur, and greater axzitanility) one could not

raly on these subJactlve algns te conclude bthat the rats

had resachod 8 acale of byperthyroldiam, To dissipate our
doubly 1t was decided to Jdetsrmine the metabolle rate of

#ll rata,

Toble 2 showa the results 3£ anch deterzinetliong, It
is roadily apparent that the rats fod the lodinated casein
dlet were hypermctaholic slnce their metebolic rate had
incresnsd by 75% over those which had bsen given a normal
dlat, and this whetber or nol they had beer injected By2.

In fact, vitemin iy, 414 not arfect the metebollc rate of
rats in both control and hyperthyrold zroups,

Anothar typlcal syndrome of hyperthyroldism, cardisc
hyportrophy, can »e observed frowm Table 3, where the hsart
walzht of the hyperthyrold enimals was lncreasssd by some
50% over ttsse of controla, This incresse iz observed with
or without B35, It may be noted that the inoreanss in
welsht of heurts ia observed desplte tha loss in body
waleght sxporisnced by the hyparthyroid_rnts. Another alge
niflcant lnorensss (F < .01) of 1-15% 1n the heart welght
18 obaorved in both contrel and hyperthyrold groups as a
rasult of By, edministration. Hut in this case the incrssse
completely parallsled the 15-205% increase in body welght
causad by Lhe vitamln,

Tablae 4 represeunts the braln weights of the variocua

i
| e
e}
o O
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Table 5

EFFECT OF HYPARITHYROIDISY ON Q;VEH MEIGHTT
3¢
Untreated Treaoted with Byp
Number F
of rat Control Hypasrthyrold Control fHypaerthyrold
1 9.09 13.93 10.46 11.86
2 9,87 12,06 12,18 10.8
3 9.55 11,28 11,26 12,2
i 12,91 13,31 11.16 13,98
S 9.75 13, 10,52 12,93
6 11.93 .l 11.70 11.79
7 10.70 10.52 10.33 12,18
8 12,20 11,06 10,13 11.27
9 9.98 13.40 11,39 12.39
10 10.29 11,05 10.81 10.08
11 11.28 13,35 10,71 12,81
12 11.46 135 10,63 12,40
13 11,1 13.05 11.53 14,06
1l 12.63 10,72
15 0692 1241
16 12 28 12.89
17 11,70
Average 10.78% 1.1 12.6%11.3 10,96% .66 12.13! 1.0
% Change + 16% +10%
Significance P{ 01 P< 0L

1 A1l values are reported in grams,

¥ lyperthyroidism was induced by feeding the rats 0,17
iodinated casein diet.

%fate were injected each day with 2ng/kg of vitamin Byp.
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Tahle 6

GROUPS OF RATS

SOLUBLYE PAOTREINS OF DHE LIVER ORTAINED WROM VARICUS

Control Hyperthyrofd’

3tanificance P ¢.0L

2192l
+ 1665
1809
<1776
«17h1
.1883
~1788
+1921
.1702
«1809
<1969
<1760
.1898
»1824
1775
«1692

«10829
«1809 t 0087

Untroataed
Humbear
of rat
1l +1605
2 oLT7L7
3 <1679
L +1561
5 157
6 «1671
7 1524
8 +1785
9 « 1666
10 1834
11 01733
R
m *
15
16
17
Average .1666% ,0002
% Change + 8,504

%
Troated with Byo

Control Hypsrthyroild

w1767 «1866
<1764 «1706
1666 <1751
1826 <1369
1741 «2002
+1736 «1722
1541 +1736
e 1545 «1791
«1851 1692
1777 1809
1740 .1812
R
1 ® el
«1933
210873

«1695 ¥ 012 ,1807% .0086

+ 6.6%
P<¢,.01

TThe protein values are obtained from the protein determination
(Rluret mothod) performed on tha clesr gupernatant obtainad
from liver homogenates,

*All values ore sxprassed ss mg protein/mg liver,

T iypertibyroldiam was induced by fesding ths rats 0,1
fodinated ocmaein diet,

*:ats wore injected each day with ug/kyg of vitamin Byo,
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groups of rats. A significant 8¢ inereese in the braln
wolght of the hyparthyrolid animals is notsd by comparing
awong the groups not recsiving Hioe In the Byp zroup how=
avar this difference is amaller and not statistically
alynifieant, UYithin the suthyrold and byperthyrold croup
ﬂlz’supplementatiun does not anpesr to affect the hraln
welzht,

Table 5 shows that, in the Bys deflclent group, the
livers of hypertnyroid rais weished more than thoge of
sutbyrold rats by 165 and tbie lnereass was 10¥ in the other
Zroup. H1p adminlatration had no significnnt effeots on the
1ivar walgzht withla the euthyrold an’ hyperthyrold aroups.

The protein valuas obtulned from the olear BUPAr-
natant of the liver homogmate ware tabulatad so thst the
different groups could be compared, it 19 sesn Trom Table &
that a2 amall but aignificant lnorease of 7,55, 1n the sroup
uithéut Dyps occurred in the soluble protetn of the liver
ohtained from the hyperthyroid animals. A comsarable
increase also occurrsd in the Byp group; no effect of Byo on
the soluble protein of the liver oan be obgerved,

¥rom the resulls obtalnsd on heart walght, 0, cone-
sumption, it ls avident that the rats fed ths iodinated
casein l1let bad bescowe hyperthyroid even though these game
animals were not necessarily of conszidersbly smallar weipht,

In these hypormetaholic rats, apparently there 1is no

i
,
i
%
;
i
f
i
i
1
!
|
‘
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Table 7

CATHCHD L= DwHa M Y, TRAUSFR{ASYN ACTIVITY IN LIVSAS 08TATIIND

FROM YARIOUZ GROUPS OF BATS

.?.
(Aetivity expressed as units/mz protein)

e
Untreatad Treetad with Pyp
L Xumber +
1 of pat. Contrcl ifgpapthyrold Control Lyperthyroid
! 1,92 x 10-3 1,72 x 103 1.86 x 10"3 1,92 x 1073
L2 2,21 z 103 1,51 x 10~3 2.0 x 1073 1.63 x 103
3 2,01 x 103 1,95 x 10=3 2,38 x 1073 1,00 x 1073
" 2,32 2 103 1,75 x 10~3 1,99 x 10"3 1,69 x 1073
5 1,70 x 103 1,73 x 10-3 1.93 x 10°3 1,89 x 10~3
b 1.87 x 10=3 1,71 x 10-3 2,51 x 10°3 1,77 x 1073
T 1.6l x 103 2,03 x 10=3 2,08 x 1072 1,91 x 1073
I 1.96 x 103 1,85 x 10-3 1,90 2z 1073 1,48 x 10-3
9 143 x 103 1,58 x 103 2,30 x 10°3 1,90 x 1073
L10 €6 x 1073 1,79 x 10~3 1.8 x 1073 1,86 » 1073
L1 2,16 x 103 1,8 x 103 2.0 » 103 2,17 x 10™3
12 1.97 x 103 1,70 x 10-3 2411 x 1072 1,84 x 10°3
.13 2,57 x 10=3 2,25 x 10-3 1.90 x 10=% 1,82 x 1073
T 2,01 x 10-3 2.17 x 10~3
15 1,63 x 10=3 1,93 x 10-3
16 1,53 x 10-3 2413 x 103
17 1,73 x 10°3 1,71 x 1073
| Averagza 1.95x10-37% .31  1,78x1n0~3 % .19 2.06x10°3%.21  1.86x10°3% .17
i Change - B TR - 9,7%
| 3lyniricance P> .05 P ¢ .01

x Protelns wore doher&hned on the clear aupernatant of liver
horogenates prepered as indicated (page 72 ),
1 T One unlt i3 defined as the amount of onzyme which producas one
! mlerowole of metaneprine in two minutes at 370C, ,
1 Hyparthyroidian waa igduced by fesding the rats wlth D.1% lodinated
cagsein dist,
1 *liats were injJoocted with Epg/kg of vitemin B12 each dgye.
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Tavle 8

[l QeMETINL TRAUSFNAS D ACVIVITY IR LIVakE WTALARD

FHOMN VARIDUS GHROUPS OF HATS

(Activity axpressed as unita/my liver)

i+ Change

3

Untreated
CHumbher £
tof rat. Control Hyperthyrold
(] .315 x 1073 330 x 19‘2
b 2 338 x 10‘% .338 x 10™3
-3 31 x 1073 325 x 1073
t N L0l x 1073 0302 x 1073
.5 «255 x 1073 «393 x 1073
6 336 x 1072 377 x 10-3
T .30 x 107 o271 x 10=3
B 8 <354 x 10'% 29 x 10-3
B9 «521 x 107 2294 x 1073
1 w0 4105 x 1073 0335 x 19~3
on 288 x 1073 0311 x 20~3
b o1z .338 x 1073 2308 x 1073
113 252 x 10°3  ,38% x 1073
b 15 .3h6 x 10™3
b 16 2292 x 1073
| 2312 x 103

Averajze J324x10~3 % au6  .322x10°3 % 032

= 0.6%

5ignifioance B) .S

*
Treated with D12

Cantrol Hyperthyroid |
418 x 1073 7 % 1073
0372 x 1073 W371 x 1073
2315 x 103,338 x 1073
0331 x 10‘3 0368 x 1075
0336 x 107 0366 x 1073
353 2 10°2  ,362 x 1072 |
.292 x 10™3 2331 x 1073 z
.38 x 10-3 .307 x 1073 :
W3l x 1073 311 x 10’%
410 x 10'2 «268 x 1073
.363 x 1072 367 x 1073
.326 x 1072 o3l x 1073
.298 x 10~3 322 x 1073
g .368 x 1073
298 x 1073
.31 x 1073
2337 x 1073
Jhox10%3%,038  ,338x10-3 % 028
- Lo 0%
P Y.

it One unit 1s dafined as the amount of enzyme whieh produces one
| mieromole of wetanephrine in two minutes at 37°C,
+ Hyperthyroidism weas induced by feeding the rats 0.1% lodinnted
caseln diat,
% Hats were injacted each day with Epg/kg of vitarin Byae
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Tahle 9

EORUANING OKIDASE ACTIVITY 1IN LIVERS ORTATH:D PROY VARIOUS

GROUPS OF HATH

T X
tactivity exvressed as unita/mg protaln)

- Untreatad Trested with Blgf
Mum> er ¥
of rat Control iHypeprthyroid Control ‘Iperthyroid
1 5.82 ;.08 11430 3.13
2 G4li3 418 14428 3.12
3 SelD L4e09 l} 420 2475
h )4088 L&ng !loh-o 301’4
g 5-11 3.6’{, 12.036 2:95
6 5e5 3.70 05 2453
7 5030 303‘5 !4055 2.80
8 5.&5 ’1‘. 01 h.?g 3,11
9 5.58 3450 Y o 06 2.83
10 5469 357 Le28 2.9
1l 5419 3.68 62 2.9
%? %.98 g.gg 3.?3 3.25
U, 242 e23 — 3.16
T 37 R
17 3,67
Avaraga 5’039 t .27 3.82': 028 L‘ .31 t ‘23 2.&)5 t 017
Y Changze - 29% - 31%
81gnificance F< .01 a P <,01

X Proveina wore determined on the supernatant of liver
homogenntes,

T 0ns unit 1ls definad as the amount of sngyme causing a drop
in the optliesl denaity of .901l, in Lhe period of time of
one minute,

+ Byparthyroldism was {nducsed by feeding the rats 0.1Y %fodinstsd
cagsoln dlet,

*#Hats were injected each day with Ppz/wg of vitawin Bya,




105

indlcetion that they have reachsd a atate of hyparthyroldiam
where protein catabolism may cecur; ths welpht of various
organs was higher then that of controls asnd thas scoluble
proteln content was wusintaiced, #1ith thove reaulis in ming,
onag may now cousldsr the liver catochol-Oe-msthyl trarasferase
and munoomine oxldase activities of the vorious uroups of
Tata,

Table 7 represents tha liver catschsl«O-mathyl
transforase actlvity ss expresssd in unlite per g protain,
fhere is comparable decresse in the enzymatlc activity of
tho hypertbyrold rets lan both groups, with and without B2,
walch 18 of the order of 9% but thlas difference lg statlige
tically slgniflcant only in the group given Bipe That most
nf this effaect is Jue to the inecrocase in protelns obsarved
in Lho hyperthyrold group (Tebls ) bacomes apparsnt from
a furtiering conslideratlion of Table 8 in whleh the velusg
are now reported per mg of liver., Then, no signlficant
offect of byperthyroidlism cen bs detected on catecholeOw
ma3thyl trenafersse of 1liver, A

Vitemln Byp d4ld not modify the activity of thia
enzyme 1o sny uroup whether the resulis ars sxpressad per
mg protesin or per my liver,

In L orse of wonoamine oxldasss a different
3itustlon lg present, When the reaults are sxpressed per

=2 protain {Table 9) it is readily sesn that there is a

SRR -3
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Tebla 19

MOAGANMIN: SXILABE ACTIVICY IH LIVIAS UBTALNID FROFE VARTIOUS

GHOUES O HATS

{(Activity exprasaed na unitgymm liver)

¥
Untreateoed Trasted with By
Ihamber f
of rsat Control Ilyperthyrold Gontrol Hyparthyroid
l 1.10 87 1.03 .88
2 1,19 79 99 62
3 1013 095 1002 .63
L 1.20 1,01 1.00 «£6
5 1.10 87 91 .68
6 1.16 « 96 86 71
7 1.18 .93 .80 55
8 1.0 .81 489 )
9 1.30 o0 95 62
10 1.13 23 .88 o866
11 1.12 .18 1 v Ny
%% 102 .gg :§} .2%
1.11 * (. [ AZ
1y .23 67
15 '92 .b
lb -gu Og
17 88 67
IL?IGX'B{L{G 1.13t 0069 087 t 00?5’ 092 ?- toﬂ-‘ -‘f’l& t '07
% Chanze - 235 - 263
Significance F<,01 Pe.M

T One unit is defined as the aswount of sngyma caueing a drop In

1 the optloel density of 0,001, 1in tha pariod of time of one
minute,

F Hyperthyroldism wes induced by fesding the rats 0,1% fodingted
casaln diet,

* Rats were injectsd gach day with aug/kg of vitanmin Byae
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305 dserease in liver wmonocaming oxldase ectivity of the
hyperthyrold group, tho dacresse belny compsrabls and
statlstlicelly sigoificant in both groups with and without
312+ However, sxaminastlon of Table 1) where the values are
reportad per my llver reveals that spproxlmaetely tha same
diffarsncea are atlll present elthouch loss warbed. Thus

& trus decrosss 1ln monoemine oxldasse af the liver of hypsre
thyrold rats ls demongtrated, <ulte unasxpactedly, 1t was
obhaarvad that vitawndn Byp exorted a8 glmllar dsorsasing
effect on hspatla monocamine oxldnse ectlvity of both sontrol
and hypertivrold rets, Ia the aeuthyrold rats there is o
siznificant 205 deerease im activity causad by 33, (Table
9) end when ths valuss are reported per mz liver in Tahle
Joth'a decrense 1s 185, In the hypsrthyroid uroups these
differences are slizhtly higher being 26% when raportsd

por wg liver (Tsbles 10) end 227 when expressed per mg
protein, All differences are statlatically siznificant for
¥ <{ 0le It may he neted that nyparthyroldiasm chused the
decresse in enzymatic actlvity to the sama extont es vitae
min ¥1- aince no signifiecent difference in amotlvity can »s
notad batwsen the hyperthyroid group without Byp and the
control group with B1p., This 1s true lrrespsotive of how
the values are axpraassod, MNoreover the indlviduel effects
of hyperthyroldisxm and ¥yp are additive as can be ssen from

the Zifferovce In aotivity observed hetwsen the hyperthyrold

4 mremevanes

1 I
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group with By and the conirol group with no By5. For
example, with no Uyp, hyperthyroldism caused a deorsase

in activity of 1,57 units par ny protein and with the
contrsl group B1p caused e decrensa of 1,08 units per mg
protain, The sum of thasae differencss whasn substracted
from the control (5 ¢39=2.55) gives the theoritlesl value

of 2,74 unita per mz protein if the individual effeots are
ndded, Themsctual value obdtained, 2.9% unlts psr =z protein,
ta a zood epproximation of tha theoritiecal value, The ghme
readlt lgs obtalned when 8 simlilsr calculetlion is done wlth
valuos expressed per ng liver ..

The catech:olamine content of the brain, liver,
bsart hes beson determined In ths asame rata uged in tha fore=-
zolng exzperimants., Hecnuse of the diffarance in waluht
ohsarvad in these tlssues between control and hyperthyrold
enimals it was found sdvisable to report the eatecholaxnine
values as g per whole tlasue wolght as well es per g .
tisaue,

Table 11 snd 12 show no diffoerence in the norae-
drenaline and adrenaline content of livers obtalned from
control and hyperthyrold groups, Likawlse vitamin Byp
adniniatraetion ¢13 not chengs the catacholaminag content of
taia tlsgua,

The sama cbservation may be meie for the braln

(Table 13 end 1)
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In Table 1Y it may be noted that tharse is a
significant decrsass in the noradrenaline ccntent of the
heart of hyperthyrold anlmals with and without %35, WwWhen
the results are exprsssed per p heart tissue. Hawsver,
Lthere 1s no sisniflcant difference whan the values are
exprassed por total leart, and 1t g<emns that the dearcase
por & tiasue may slmply be the result aof cerdiasc hypore
tropbhy d¢bserved In the hyperthbyroild group {(Teble 3). The
sume obssrvation may be mode for sdrenaline (labls 1&) in
the hyperthyroid group wlth nc 315, Vitawin Byp supple-
wantatlon cid not ziznificantly moilfy the catecholamine
contant of heart,

711 of tho above~mantionsd data are surmarize: in

‘Table lba,b.
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DIGCHUA3IOH

YITAaIH Blz, GROWTH, ANL FETABOLIC KHATH,

Jaffe (188) estimated that thres pg of vitamlno By,
per kg of dlat was sufficlent to allminate defiolenay
ayuptoms In rate., Assuming that the rats were satling
approximately twenty gramaz of diet psr dey this requiremant
postulated by Jaffe would correspond to .O04ug of vitemin
per day., ‘“hus the amount glven to our rats, L.6., 2 per
day, #Was wore than needad, 'The 15% 4noraeassae in body weicht
of sontrol rats caused by eidministration of Byps for 25 dnys
i3 almilsr to that found by Hertoseoll st &l (199) for 20
days with rats fed approximately the same avount of By
(200ug/kg dlet), The difference inm walght hetwesn our Ty,
treasted rats and those not gu treated is also comparable Lo
that ongerved by trickson et el (/90) who found similar
incremants in the welzht of rets fed s dlet contalning
cyanocobalamin (,003mg/120g". of diet) for 23 days. On the
other hand, some other workers ( 191) have feiled to notlice
auch walght differences unless the animels were preventsd
from practicing coprophagy and this practlics ococurred when
the rats were placed in cages wlith raised sereened bottoma,
‘Thus although our rats ahowed signs of vitsmin daflolency

we cannot he abaslutely certelin thet the animals had not
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ingeated small quentities of the vitamin and benece had not
baen completaly deprived of 5yi.

. Vitsmin Bio dld not modlfy the Op csonsumption of
byperthyrold rats and this eonfirmg the roesults obtalined by
Zpdil (/92) who dld not observe any difference in the 05
counaumption of rsts injected with small arounta of vitasmin
Byo (a,gpg for 3 deya). 4 53% ineresss in G, consumption
of hyperthyrola rats wes oausnsed by groater quantities of
vitamin 815 amountin: to a total of %00pg. “ur rats
received a total of 56 jg of vitexdn and thils amount 11d not

sffect Up conzumption of hyparthyrold or control rats,

CATAC UL Qe vdY L THANSPIRASE ANL NONGAHTHE ORIDASE ACTIVITIES

Ui DEFERRENT SAP R IMUTATAL R ICIONS .

The growth promoting activity of the thyroild hore
mone 13 well known, (n the other hand, byperthyroidiam ls
often assoolated with dlminisghed hody welzht in humanas
(/03,107) snl animals ( 74,77,//4,/54, 194,195 }, Thls
gpperently paradoxsl observstion can be reconciled on the
badla that low physlologlical doscs of fhyroiinemay atimalate
growth wgereas hizber Lozle doses‘may hava a econverae effact.
Thlis same dose raletionshlpy of thyroxinehas alaso been noted
in vitro (/53 ) on protein aynthesia. In our expariments, the
growth of hyperthyroid aniwmsls waes relatively well suatained

when comparad to thelr rsspective conirola or oven axeeeded




i

B e T R T T T B R T L e R T O e S e Py ey

B

19

that of goms control groaps. {n hobb geoapg, with and

YJ

withoud 612, the llver wael:zht and srotaln valugs of Uhe g

¢

hype?tsyroid animals were algpalficsnily above tial found
for controls.e Chus LY apnears Show Lo bhypertibyrsild
sainals nad nsy reepched Log stage of hyperbhrroldism wbers
a ecraaga Ln protoln aynvhaalg occcors, Joier theze 000w

Aitlons the hopablc catacholeOe-ethyl Sransferang al hypars

thyeotd pavs wsg Just sg setlve ng thet of conipel rabs

T provioasly raportsd decresgs {42 ) v tols onzyre 28 A !
rasult af injectlony of Luyroxlnemsy than Lsve Mean duo Lo
2 panoral qsbabclic afread oy Lho hlizh doges of Libyroxine ;
fujocted,

iy .

Uniday tha ansa eaxperizentel gonidlitlons hawavar, the

1ivep monsomine axidase of bhyparthyrold rata woe deoraased

soopansy cansol Be artplinutod to posnitle

o
o
o
&

ny sooa 250,  ©
disetoution of fosd intake of vhe hyperibyrole 2ave whieh

GG have rosiliéad 1n lovw moncoming oxliasss sallviby,

nh
-

fid

ves Lhe ayperehyrold anlmels consumad sreater qusantiiles
af Glat than Lho aeniernla,. similar find! naa anncerning
tne sffect of Luyrorire an food congumption beva 2een amtaline
ed by otvara (193]}, 16 ig aifficeli %o ceospoars Lho extant
oi Lilz deopsase in monooulne oxldaae to Lhat faand by

oviar workers gsines Lug experimmital conditlsns were difl-
apant. Sems diffarencas were Lho wethnd uged Lo Iinduce
nyparthyroldism, the extent of hyporibyrolilan, the

smicatpate arployed Jov thy anuzyme oanoy sni {iuelly the
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speclaa of onimals uased, ionerglly seeaking howewar, 1t can

G 9uld bt Lheo decrousa we hava ohasevad in pup experie

.

meabs o 3f thoe epder o0 Liab foand B bhe oiharg {1dy, 23,13L)

axeepl Tor o Yaw cwuos wiora g U0 decrsage 1o Lhg eoniane

)
3

o & w3 * L L AR . > "y Py i
mAime axlisgs astbivily o bDypepntbrrold agivale wags recopdo

w2l

(871, 13T)e  in Lhgso cazes hawaver o

=

ramlns was gged as a

WP

sunsatrate and 16 wag notad Lont less dilrfsrvences was fsund

2

et gerotonin or tryslamlve was waod as substraie {(57)

.

Coamy v nowrtlinant Lu note beve trhal sowe tlss azo T4 wng
ohaerved thal copraclog osxldses fres difTarent sourcass nad
Alffereat gioasrale apeeificivy {796,797 ) and €13 has hoen
raban 49 an Intlestton thot chere are gsversl sanna-ing

¢

exlinsra,  cecoutly corain {98) obtalnsed anms avidance
Lhab menitroepenydiroxybearylenine and penltroepghonylethye
lzmine ere oxldlied vy two Jifferant ~ltoshowirisl ~onoge
=ine oxldassg.  Inalblilon atual~a ot wifochonirlial “onoge
ming axildage by Zorida ef sl (199} olsa imdlesis that
slioshendrisl soncaving azldaze la pravehls eataiitnted Yy
g osyaten of multiple aming aridascgs.  lnilsr songlusiang
eould alao ve derived fyom vha werk of Yullsy and ialters
{200}, Unmge worierg found Lhet kymurs-ine oxldablon by
ret liver wmonosrnins oxidagse wag tnhinitad ny dopanine
nopradirannlive, phonethylseine, phenylbatylanine, gornatonis
il gyrating,  Althouszh all tnade avtasg were samatrstaes

Top Lo eugyie there waa ne eonzlztent relatlonsznip halwasen
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vie degsree 28 LobDlbltion ond the afflcacy as a sabatrate
wolab la2 an Inileation shal Lnoze gminss could oot havas
a cuorsion polnt of stischront on the eruywe. The baag

eblvity was cbiglaod when kynureaslne, phenylbutylonine

aud pheonethivlndlao warg ussd as savsbtranss for llvsr —onide

anlng oxiiana, Lousr asuivliiies wera rosordsd oy tyraaslae,

epaning, oopadrensllas and aseotonin,  Oiuer savers alao
vapsrt thob Lo vitro { 2ol,20n) monossine oxldnss sctivity
w58 3low For tha tetaenolariaas. It folleows {rom Lheas
obgarvatlensg (rat lo bypertthyresidlas monossing oxlidase
aebivity sy Do aflschbed Cifiorently sspandin. on iha gube
sireLd, L6 pos ngan assaned by aaveral authors thet &
Goorasda Ln o montanine oxidgses aetlvwity omn b talan as an
lusleatlion that the eatsenalamings in bhyvoribhyroaldlss are
oxldized worg slowlve Hut thig caneluglowm, in view of iha
racunt develuorensg eastlng doubt oo the bomozonolsy of
sonozalneg oxtldase, gannol warrant corbalinby anlass Use oxd
dation of tos entechslanines thsuselves le weosgured and
shullad witn livers of byporihyrold and cantrol aanlwmals,
Sowovar, sesiss 4o livers of bhyperthyrold animsls cansot
oxiiize 83 recdlly ss Shas llver of control animals all
ersvatle awinze so fap tested {tyrenine, iryptasine, saro-

L

tentn and kyouracine) it ls wigzhly probakle thet Lhis is

.

aloo Shg cpge Tor s cabtepeholesineg, The ~ectenlom by

wuleh Lhe thyrold hornone lowsrs xonoawming oxlinse aetivivy

I
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in iba Livop 1s not at thae presenk Llme bnown, T4 moy be
recallad {(pa 41} Liet “ila and Lardy alloetinoiad the posgle
aillhy of o dlrect sffect of thyposineand 1Us analosuas
on Lha en@vea, Uney havs sise gaswsd thist no fnoroenie
takinlier wra nresont in sbhe llver homossnatess il Ge
nnapiniiity re-ei-sa (iat goxme otlep ecomspound Jop axenpls o
peotaln =ny sffaet monmoamine oxldase an: bs rosponaible Tur
1ta low activity, “ho vrofound affecta of thiroxinenn nproe
toin zynthasls bas alrsady bean vartlaoned and add gupport
to thia vieu,

The rogelis 2o nab demonsirate any effect of vitow

sl Bya on gategrnleOenathyl toanafarags both In viiro end

1n 9ivo. J» vwitra, whe vitealn or meihzleohalswmia could

Safinltaly oot affect b petlvity of o semiepari(iad pre-
parntion of tho s8ngymc, Smhe regarvatlions ruel La mode on
Lhe ta vivs resuling thoes 13 o poralnlllity ithel thae rata

may nave nol hzan atrlebly deprlived of witawln Uys sirvca

sha 1obbar visasin la oynbheszised in the Intesting by

hagtaris sud mey Save Doan gheorbed thareln, Alan, alibowe:

vhe pats ware plsesd in cezas «ith raiséd acreanaed boktone
thay wauld have practiced eoprapbazy (1), denerally

spaoxing, 1t may be arpested thst very 1itile 7iganin may
ne pecuires »s 8 cofactor [or the hiesynibealn nf anzyme

mperoaolecyleg and Lnerefore Lhese resulis should net bHe

teYsn ns £incl avidencs soainat the partleinetlon of the

]

e
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vitanin 1n vhe mothylatin: netivity of catechnl=Owuotlhyd

wransforogs,

'

% was a aurorlae Lo Tind that vitarin 319sapnla—
2 !
wontation eloniflenntly decrezsad sepatle monoaninz oxldens

getivity By 1«26/, & direcw innlhitlin: erffecl of Lbe

.

vitamln hiag to e ezcluded slose lun viiro 51 hed nn

D3

3

afiaet =0 tho gnzyme, Jhe meenhsnlam by uble

e

y tiilg affact
la hrouoht aboat ia &Iifficull to understanid., n the literw

Reure, no razort was {oand whleh dealt ulth thaeffact of

vitbocdn By D ronoumine oxliose petivity but zimllar vasults

wave oshasrved g illinua et _al (203) Yor eholine oxidesa,

nre Luey were usliuc a manosctrle taghnlque Ior the aniy-

matiec anssy uiey eould abtirloule, st lesat garily, ihls

feeraane in tue livaer of the 4o broatsd rats to a 'eorne-
tition neturan ghollns and aodsgpgnous subatrave oxidetion
Dor commoan bhydpogan Lesanpori svgtassts  This rasgcn cannod
kel ln oup cess glanes Yyouresinag wos tie sole source of
aumshrate, <illiams et al {(20%) bod sleo previossly
onsepved tnat folle neld dellclency incrsased the acwivity
0?7 Degnino seld oxidase and 1b agpears‘fhat vicamrin
derteisacian are not elwavs asscclated with a decrense in
enzysatic aetivivy os has often usen found,

In our cnpe ong sxplanatlon whilsh muy account for
the obgerved effsct of Hys 00 monosning oxldaso eetivigy

sopcerny Lia poasible luovolvsaent of sulphydryl ayaupa in
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wng maehanlam ~f actlon of Lhlg cagymee L1 vilro, 1t
Hag Dogn found {205) that dlwarapnrol, thislycollle asaid,

qurizos (20L), as interyresed Lhese ¥indla-w Lo nean thet
acLlvity ihrowsh e eatalytle evele comprlsin: aliernelo
rotuetlon apsl axldation, woasgs of «00 comooundg o G1ge
ylphids woy Lnen ba enmpected o tistupd thls evelu. in

b4

piier grnarimenty veriorned by Inabokar b sl {201) 1% wep
AR

Sown thot oarhon Latrsehlorlde doeresged tha lsvels of
vite “in “13 In vhe tlver snd Lvis wog accompaniad by o corrs
aaponding decrenae in Lhe avount of Ulver salphydrryl come
poanig.  tiwmllapiy @ 'usll gt al (20%) hsve repovted that
in tho Liver of new dorn vitanln “13 doflalent ratas Ller
wog @ degroeeae 1n noneproteinetil anapounde. Pozaibly ithe
the gzcurulation of 1 subgtancses Lo tha 1lvar of Lug ﬁlE
Lraated rats —ay have contributed in loworlu, ine wonosming

oxidnae acbivisy of cur © trontad rats $1a o way compsrable
J 12 }3

£

1o that found in vitro. dowsvar $his hypothesis iz hov
Lo reconclle with azothar fiudings of fasboksr ot _al (209}
that Zhorold feedlng in rass reducad ine levels of livar

ol alood plutsttlone lu which case wo shoald have oblalned
an loeressa In e liver ronoamine oxidese activity of

Lhe hyperthyroid rats if l¢ 13 sappoged that lhese coupoands

vy

tntlsit the onzyna, Tols wag nob the case 2nd ke

erstoatae anl osstline cng decvsese womosnline oxidase actlvivy.

sadphzdeyl groups are Junstismslily eoargeprnad Lo uths snaymailic
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poasinility thet slutatilonsg mey s2nhence wanoomine nzidass
astivity wharssg olhar «2¢ substarngng oy Mave a converas
aetion carmot ba eonasldered sariounly unless more infore
mabion la wnbtaluesd on wha neture of the =Y provsrg aa ths
angyre syd tha affaey of slutsthiione on wmonoanine oxidage,
flgso_thypold hormone may exart oo inhihitins actlize on
~opogming oxldese by weonn wnich have neothing to do wishn Lhe
progence opr chagnce of Gl compaunds, “soauss byparlbyroldlse

noidl vitasin 812 gauned alnllar offacta on monosminag axliaess

&

e

it fa terpilng to postilate gsoms ¥ind of commsn -ecoonlsm
hy which ithis 2ffact ia braazht nbouy but the pesulis as
aneh 4o vob land zapport Top any such hypothesis nar do

ey prove bLhat tnia ls 80,
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In ti:@ lilver

sagplue the Jacresszae tn monsenineg oxiliass ol the
1ivge »f hypapthyrsid and fys Lrsated pavg 0o chanras In
vha entactoleming content of Lha Liver of Lhese arnimola was
found. Mot wuel data on ths catecholsmine contanl of llver
Ln Sroertbhyreidlam is wlivon in the lltsrntura. "ot rmioh

ahtantion has bBeen ilveo to the cateaecholamine slorss of the

1iver itn hypapthyrolidliswm, UJaing blologleasl melhods
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axtrearely small. It may he recnlled hers from the gxpreriw-
ments of Trendelenburg (pags 9 ) that ths hyperslycemic
ranponga in nornal animals which was esugad by 8§pg/kg of
adronsline could he reproduced in hyperthyrold rabbits with
659@/&3, which mal.es a agpg/kg differanca hatween hHoth
sroupes of animals, or 2pg/1003; In tre rat aven a s~allsr
amcunt nugt be effactive and hy the time the adrenaline has
roaohed the target organ ks effactive amount agould bhe
tnfinitesimnl, Thus, inactivation of monoomineg oxldase
sould he responalble for ths avcurmlatlion of amounts of
adrenaline which sre physiologleslly effsctive but whiob
could not be detectad by the pressnt metheds employed howe
sver sensitive they mey appear to he, That auch 8 possi-
b1llty 1s llkely follows from the finding of Leduc gt sl
{7.) for only when adreualine is injacted in hyperthyrold
and normal animals cen zreater amounts of adrenaling be
dotected Iin the livers of tne hyperthyroid rats,

lowevar, an sltsrnative aexplanation may account for

wany of the physliologlioal and blochemiasl effects of thyroxine,

In the adrenals the catecholamines are stored in chromarfin

granalase { /11) and noradrenalinsg 1s slso kept in sympathetlo

veslelas ( 219,220), Becauss these hormones are highly actilve

tt iz nacessary that they be kept at gl tirmes iv forms
wihiloh w1ll srevent thems to act rendomly on thelr raspoctive

recaoptora, It is logical te aasume that in the llver the
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catecholamines also exlst mainly in bound inactive forms
lnsacagsible to mononmineféxidgsa; in hypcrth}roldism
tﬁon,'tbe lower monoamina axidase actlvity =zay not necesse-
arily moan an iacrease 1n actlve fres catecholssine. The
usual symptowms of hyparthyroldlam could be csused by som
sther actlon af thyroxines:ich as on sympatbellc sotivity,

s4ut the potentiating sotion of thyroxlmeon the glyeogenolytic

affact of catecholemine that 1as the grsater por cent Incrgase

in response to ilnjected fres cstecbolemine way result from
a slower inusctlvation of these free catechivlamlnes by =onoa-
nine oxldese of the liver. In vivo, 1t has baen found
( 15¢,187) that sdrenaline incrensss tha motaebolln rate of
the liver. Reocapuse tho liver hae a role of central Impor-
sange in the general mstobollsm of anlmals 1t may be
expactsd to contridute mueh to the overall 02 consumption
measured in aolmels. fThus the well Y“nown potentiating
actlon of thyroxineon the calorigenic effest of adranaline
could elso be due %o, poor inactivatlon of tie catecholsmines
in the llver of hyperthyrold enimels.

By2 supplementatlion d1d not affece the oantecholanine
gontent of this tissue. D'lorio and Plaut (174) notlced
that the observed deorsase in the adrensline contest of the
adrensls as 8 result of hyperthyroidlsm could be corrected
by administrstion of vitansin Hys. But they expresssd thalyr

results per mg nitrogen and no such affscte of vitemin #12
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(personal gomwunication Crom ir. 3'1orin) or hyparibyroidian

(74 ) were obsarved when the vslues are exprassed diffarently.

in tha hasrt

Humerous raporis desl with the affsct of hyperthy=
roldlex on the e¢ardlac sioras of oalecholenina, the regults
of whiah are not very consiatent, 1in those csseg whsre a
deorense ln seteabolanine congentration of hearis wes found
{n hyperthyroldiss pernaps act enouzh attaentlon has besn
clvsn to the hypertrophlic actlon of thyroxlmeon the heart
(114,524 ) whieh ean he noted Table 3, It follows that when
Lhe resalts sre reportad par gvem, lowsy values era ovbtained
1n t=a hypartrophited hzarte which Iz nat vacessarlily a valid
indlcasion that thyroxine is comoerned wit en suthentic
desrasse, !owever, a low cateehslamine contgnt In hearts of
hyporthyrold animals hes not been s jeneral Cinding. xame
tnation of data provided by Hokfelt (73) shows that the
poradresneline concentration of herrts obtalned from thye
roidecsonized rats treantsd with thyrox;newea Biiher thnen
thiat 0f aovmal hearis. 7The gsame vresult was alac found for
gdreanline snd the concavntration of voth catasholamines wss
lowar in 4the basris of thyroldestomized rats. dasb (20)
clatmed that injeciions of thyroxineinto normsl snimalg

{noracsed tha mycosrdisl sontent of "frae” sdrenallne, bug
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the method used for the emstimation of "free®™ adransline
was unorthodox; 1t dopended on the ralative avounts of
agecorsate to adreno-corticsl hormonen., In sheap, fioodal
(v5) noted » deorsass in the sadrensline content of hearts
obialinsd from hyperthyrold animnls but from thyroldectomlzed
shdep also, Horadranzline, in the hoarts of both thyrol-
dectomized and hyperthyrold onimals was 1incressed by 724
when a blologleel method was used for the estimatlon but
thia Inorease was only 2% whan s colorimatric method wag
used., It is 21fficult to Grew gonclusions from theae
resilts slnce the valuss are ziven a8 pg ver gram ond the
stzniflicanas of those valuss .15° not zlven statistieally,
fno the csse of Leduc gt 21 (70), the data show:- that the
noradrenaline content of hearts of hyperthyrold rats as
reported per my nitrogen 1a lower by 36%, but the adrenaline
is clevated by LkT1d,

Paradoxal results are even obtained within the snme
paper. Yudsnd at sl (21l) reporting thelr values per g
tissue obtained no differeunce in the ngradvenalinm content
of hsarts obtainad from hyperthyroid anlmels but demone
strated a deoraeese in the awount of thls catecholamine in
both the atris ani vantricles whan thase wers analyzed sep=~
arataly. Adraeunaline was grastly ineressed in the whole
heart of hyperthyroid snimnsls but these differances ware not

stabtiatiocally slzniflicanti adrenaline was slgnificantly
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deorecagad in ths aurlioles but remained unchanged In the
vaatricles  of hyperthyrold animals,

Goodirind e%_sl (/95 ) fallad to dstect any changes
1n the c¢etecholamlna content of the surlelses of gulnea
plis given lnjectlons of SOug ar 180ug of trilodothyronine
4atly for 10 Says although thase anluels had expaerlisnced a
loss in weight as o result of those injectiona. Ths only
significant increase in suricular oatsesoholaminsz could be
prodacad by injeoting the guinee-plgs with [O%ug of trilodo-
tbyronine for four daye in wnlieh case the anlmals had lost
muab welght., 4Ageln valuses sre oxpressad per ¢ tissue,
But 1n another paper (211} it lg shown that the totel cardlac
eatscrtiolamines In ug pesr g wes significantly lecreasssd (29%)
in rats wiich had heon InjJected with 500ug of thyroxiredally
for fourteen to twenty deya. Finally, Zsricer and Maitluohi
(11t ) found that wheu rete were Injoctad with thyroxine
(100p3/sg/day for twanty days) the slue of bearts and adrenals
ned lrveressed but thore waes no significant change 1In ths
pwoant of noradrensline in the hasrt of thess anlmala when
the veluesgwere expresssd per hoart, |

One connot baelp but remain perplexed with thuis mass
of contradletory information, It is noteworthy that the
authors of eaoh : aper have used different mesthods for the

determlnation of catecholamineas, Specliss d4ifference may

e oS

;WO
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alaoc account for theae dlscrepant reaulta, In the rat,
however, there 1s general indlcation that byperthyroldlsn
cauges a lowering of myocardinl noradrengline whan thls
eatecholemine %8 eoxpreased as g per gram tlasus and this

ts in acoordance with onr own findings (36% decrosse), iut
whén the noradrenalins values are reported per heart (I114)
this diffarence dlsappoars ng we have also ohgerved., In sll
probaebility then, theas dlffarences are hrousiht about by
cardiac hypertrophy resulting from hyperthyrollism and 1t 1s
unlikaly that the thyrold horsmone causaes any <direct aignificant
changes in *he noradrenaline stores of the heart of rats,

In the c=zses o sdravaline, in the rat, incrseasas are reportad
by Holifelt and Ladue gt al and obvliously this effect of the
thyroid hormone cannot be attrinudted to chanzaes in hoart
size, But t-is finding is not zonerally acoepted (Goodal)
and our o¥wn rasults do not lanéd support to the contention
that adranaline 13 significantly modified 1n the teart of
hypsrthyrold ratvs,

Thua our experiments on the catecholamine content of
hearta obtained from hyperthyroid rats do not provide etidence
that the cardioe-veacular effects of the thyroid hormone are
due to disturbances in the total myocardisl stores of
aatecholaminaes, Truly, thias kind of axperiments gives no
inTormation as to the relative anmounts of free and bound

satechnlarine, iJuring recent years, mich work has been done
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to demonstrate the existence of saverel pools of noradrene
nline in the heart prabably in squilibrium one wlth the othar,
( 213,214,215, 21t ), There im a possibility that the thyrold
harmons may afrect the squilibrium of thege diffsrent ponls
resultios in a concomitant incresse 1n free catecholamine
although the totsl amount of catecholsmine msy remaln une
changed, In sgreomsnt wiith tils idea, sre the findings of
wurtman gt al (s5¢) that the hearte of hyperthyrold rats cene
not bind es much free catechelaminag ag the haarts of
suthyrold oontrols, fHeaven st _al (217) also showed that when
ﬁ3-norudrenaline was injected in euthyrold and thyrotoxio
mice, 15% lean ralioactive noradranslivne was found Lln the
hearts of the thyrotoxic mliee. In vitro (i2¢ ) Dengler gt al
could dsmonstrate that bearvs slices obtsined from hypere
thyroid rats <13 not amccumulate as mich noradrenaline as did
haart alices from normal rats. itagearch along theaa linsa
may perhans provide some answer to the mechanism of action
of thyroxiveon Hhea heart,

Another aspesct of the question tackled by carlier
workers o.f. page’Z end neglected subséquently gonoerns a
sossible effect of thyroxzineon parasympathetic actlivity.
Beoceuas the thyroid hormonas mimic the effecta of catecholw
smine all attention haa btesn diverted towarda asympatheile
astivity out parasympathetic activity is not unrelated to

syspathetlc activity end wmodificaticn of the former by
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thyroxine may “e a maans hy which thyroxine sexerts sympathstio
affesta,

- We have not determined moncamine oxidase ani catechole
Gemethyl tranaferaae activities in tha heert but in all
svidence from pravious works (page H4Y,55 ) an explanation of
the -cardloevascular cffects of thyroxine carnnot be ascught
through an inhivlting action of thyroxine on these myocardial
enrymos.

It then becomss very difflicult to expleln the offects
of thyvoxina on the 1sgolated heart (31-% ) and the observed
potentlating effects of thyroxine in ratas induced with total
syrpathetlo block (paged2 ). The only'rasource for those
local effects of thyroxine would then reside in an effect of
thyroxine on the bindlng cepaclity of eatacholamine or a direct

action of thyroxine on the tissue (127),

Iin the Brain

To the author's knowladge no reports are ziven whiech
desl on tne brain catecholamine content of hyperthyroid
anlmals, In view of the surmiged thaofy that thyroid hor-
mons incraaaass sympathetiec activity it would have bsen
interegting to demonsirate ohanges in the noradrenzline cone
tent of this organ as a rasult of hyperthyroldliam but we

could not find any effaect.
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CONCLUITON

Ths ragults presentad so far demonsirate further
that the machanism of mction of the thyrold horsone 13
complex, A decrease Iin the llvaer moneosmine oxidase activity
of hypertayrold rats woa obsgerved in conditions wiich were
iudicative of edequale protein aynthesls, The hypothesis
emltted b, Wurtman gt _al (5¢) thet e lowerin: of monoanine
oxldase or catecholeOwmethyl transferase in hyparthyroidism
wey be ths rzault of geaneral decrease in proteln synthesis
is not tanable at lasst in tho ense of the lormer enzyms,

Thus our resalis sre In sccordance with the concept
that lowering of liver monosmine oxldese activity by thyroxine
may account for the fellowing sffaeots of the thyroild hormonet
1) the deoreass 1n the liver zlyocozen, 2) the Llucrense in 0Op
oconsumption, 3) the sensitigation of the hyperglycomlc action
ef adrenaline, and Li§ the potentiating effect on the asalorie
gonle action of adreunsline,
JatechuleQunathyl btransferase does not sppaar to olay
an lmportant part in thease manifestations,
The cardioevascular symptome observed in hypertby-
rofidis: cannot be acoounted for by dlsturdances in the
cardlag stores of cstecholumine. nRegsults from other workers
on the lavel of the ocatabollc enzymes of the hesrt of hypsre

toyrold rata are Inconocluslive, and the wechanlam by which

.

w
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these effscta are brought sbout re~aina obscurs,

Hoth in vitro and ln vivo results are not consistent
with & possible partlecipstion of vitamin 812 or its
aerlvaﬁives in the activity of ocatecholeO-rathyl transfarass,

In vivo flindlogs :iemonstrate a lowering effect of
vitanln B35 on liver moncamine oxldese levsls similar to that
ovsarved with bypsrthyroid rata. In vitro axperimonta exclude
a direot actlon of the vitsmin on the anzyme snd strengthens
the probablility of an indirect action of the vitamin,

The theory that the thyrold hormone inoreasaes
sympathetic activity by increasing the amount of noradrensline
relsased by aach Impulss (59} is not supportsd by our renults
with braln whers no chanaes In the norvadrenalins content of

this orgen sould be noticad,
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Preparation of rata

flack and whlte hypopbyssctomized sud intsct con=
Lrol rats wsre ohtained from the Quebec Broedling Farm,.
dypophyssotony was performed on rats welzhing approximassly
220 grams, One series of hypophysectomizad sand normol rats

of the same age wers asacrlifioced three and glsht wseks after

injected with thrroxlng, growth hormone, thyroxine plua
Zrouth horaone,

In tho first asriss of oxperiments all retas were
ziven a 5% sucrose solution as drinking fluid to ineroase
the rate of survival of hypophyaectomized ratas, Hats were
fod a normal dlet ad libltum unlens otherwlise atated,

Approximately aeven weeks after hypophygectomy one
aroup of rets recelved suboutmnoous injactions of thyroxine
83 prescutly described, Thyroxins (SIgaa Chexical:
Company) was dlasolved 1n a slightly alkaline asline sol-
utien and injected according to the followlng schedulas
0,01255z dally for S days, equivalant to 0,062%5mg
0.,0260mg dally for 7 days, eguivalent to 2,1750mg

3.0%00mg dally rfor & deys, equivalont to 0,i090my

hypophyssotomy, Othar zroups of hypophysoctomized rats uere
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D10z delly for & daya, agulvalent to 2,460%mp

for n total of 1,2379my.

another group o7 hypopgbysactomined rats racalvad
Lotrapartitonssl injectlons of grouth hormone. Growth
bopmone was obtalnegd from tne Ustional Imstltate of Healtbh
acd was alsoc dlasolved in a nli:zhbly elkslinas saline
30lution, O.%mz was injested 1n the moraing and 2.%mz woo
tnjecvad in the afternoon (dEatly dose 1) for twenty alx
crnsecibive days.  Clypopbyesstomired rata to ne 2lver hoth
hopmonas werg Injected with Lha ssre doses nentloned arove,

dormal rats woers ragtad (&t tho $ime indleated
ta tne ta“leg) a0 ns Lo heve enimala of welzhts comparable
with Une expavlwental animsls, Waatling was introdiced by
sradually deeranging tie dally supply of food from 20 spamag
vo % oeyars, fopr ou lsnzth of time also indleated in thae
tavisa, lowever, ithle faating traat=ent 412 not produce
=arwad affgets booause Lhe normgl rats, whlle fasted, atill
receivsd a 5% auerose sclution. A sagend gories of experl-
mants was repeated omliting asoroces fr&m thes drinking water,

In ton second geries, thyroxlvewns injscted an

follows:

0,01380m; dally for 3 days, equivalent to 0,0375nmg
5a02%0my delly for I daya, equlvalent to 3,190
0050y dally for 18 daya, equlivslent o 2,900z

for a total of 1L.237%mz,
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Growth hormone was Injeected as for the Iirst
serica but for only slxteen davs sines we exbaustod our

limltad rasarve of the hormons, slso, the rats gziven both

hopumones wara ao treated for sixtesn days anly and thyroxine

wag adminlstored as indleated shove with a totsl of 0,7625my,

e s

A1l rats wers ziven ordinary woter as driniking
fluid,

Approximately one weai bhefore gasrifice, an
glactrecardiograr waz performed on gsach rail unuer llgsht
athar ansesthesls and the hoart rate was calculatad from

this raccrd,

TN ST DT T e ANT ST A LRV D SO NO0EAL SADS *p
R R TR R T T Rl SR Ty L, aEh [EVCRES MY STD N A PAT UL
MY PO EER GOV IZGG a AT aug YPORRY 300NN LAMS S b

The melin object of thia part of (he worl congisted
in obtalning some informatlon on the oatacholamlne content
of eartaln organs obtained from rats subjected to varlous

exparimental) conditlions, ilowsver, hypophyaectomy causes

profound disturbances, in the organ weluht of rats sub jected

to this operation. Some of thene chanuzes were correctad by

adeinistration of thyroxineg,growth hormona, or btoth, Although

mauny of these effacts have already »een acknowled;:sd in the
llterature, they stlill constltubte some polnt of Interest

gapecinlly in the oontext of this work where the various

SLUEVADKT LB GROEPH BOLONE, T RNAGXIMEPLYS GROWTE HOREOMI,
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walzht changes may prescut some problem In the evalun-
ation of data pertalning to tne cateoholsmine coutant »f
tizasue, Por this rsason, the varlous changes In argan
wal:ht obgerved in the diffarant groups of rats will he
considerad first,

in the followln;: tables 8ll velues are raportod in
tormg of both the avsolute and raelstive wel:ong, The latier
mode of gxpresslon refors toe ihe wel:zht of n pardloular
osr;an in ralation to body welght (2/100; bodly wte)e 1he
uorsal rsats chosan for comparison sre, tn all cases, of tha
ga~s &78 as the experimental rats,

The first serles will he conslidered, In thilas sariea
all raus were glvsn 57 sucross as driokinz fluid,

Table 17 showsa tne body walphta and various orgen
welzhts obtalned from rats three weeks aftar hypophysectomy
compared to trhoms of normal rats, It 1s readlly apparent
that slznlfloant decreases occurred in the bhody welsht and
varlous orgzan wolghia of hypophyssctomized rats in all
tisauas excspt the dbrain, The deavaagp In organ weslazhts
not only accompanied thae decrease in body welght but
oxgoedad 1%, and consequently thera is also a dscresase In
tha relstlve walght of the organs affected, This decrosse
in the relative wolcht howaver, has not hsan p goneral
findiing for the liver, The sdrarals snd testas were ths

most affacted by removal of the pitultery 2land whereas the




fwcqowshydodfy Jeqgs -aya X
DIGRTY TUTEUTJE 68 SBOJIONSE & LA}l BJ8L §4sd TIV 4
UGTIS AT paspuUSIc ¥

024 Tw'>y ﬁc.Vx o> 1>y e Tus o> 8¢ 1G24 >4 UBsLY
ey b~ , e SN E= S11- mm; ve~ Crge o LE- eFunun
ity otaie | 8% H..m SRTGUL] 3 95 ¢U309°T | &3 23 GETR6R%E GutFSLtE] STest ues,

+
ye*® £L*C 95°9 0T Le* 68°1 ce* 6t €5 .u 9T

[ ]

o
(A% GG Lg®y gl LT Gle1 ce* bi°e 26°L Lat it
£2* st 19°9 6%l Gt 111 se* ge°t 12°9 ns1 €
e ol $9"% el o L1 1¢° 01°¢ SG° & hat 2
st Theo LS y'g 96° 95°1 62* 1

dﬂ&rﬁ??~0~
ki ..:»?'U: g Focc i o ;

0R'z  AeTE 231

ar dreq [Ty Ercq Ta M apoy ¥ “3a Apoeg “3n Lpogq b b
fouT/By 2ou/Fa geot/E mumﬁ\w E501/%
S036Cy, STECedpYy U]edy aJeen Jéhi 346102 984 JC

142
o)
)

°

e B
§4

o

5

636 De3ZlwOf0SBALAOUL x SN0y AUDTE

.
-t

URetst oMast | We itz Wit | &8 U360 T |20'3 £8° 2lozge” | 19u't 131 6Cs $dt38%E uwer,
A

Ls*t 2% 9°LT  =°0% 1s° 6t°1 s8¢ g6° clz 9
61°1 H¢°L %61 €85 6H9* g9°1 1% cb* S56°¢ 1 eae H
0E*1 £9°t 5%ge ¢oe9 63" 99°1 6e* 1%G*° £1°¢ §L°4 G £
Se*1 E5°E €5 L6y 99° gE 1 i €6’ Tite L6 5L¢ e
gE*T  ye°t geye  1°289 gL* au'l sE” £g° alee ghg gte 1
SR APOG T *38 Lpog T2 *3h ApOQ ¥ *AR Lpog = *qr Lpoqg 5] =
T A SGoT/Suw 8x/3 Sn/% 5 /E
563850, S18GOJADY SR BTN JIBAIT AGO] 9, 384 10
Kposr  asyany

BB [OUICK

3 BIVUVHANCH by ORIYNCLSRAA0dAE MOV CGENIVEeD SEVIRC wOOINWA SO 4N LIER




14%

PINTS

5£9p g2 40F pR3sy) eask £383 TT¥

Fale LFaUTIC 8¢ wmohoﬁ.. ..m

GeATH BJBA B3TL TIV

-

UCIBIAGD PIBTUBAYL 4

OTIOTT S| §T35°ST g9 iTaf] W51 Wil 1| @76 Q365 | °508°2 L 76Ty
FXche SEENDA 54 1 €T acey 64tz 2l
gI1°T  92°¢ %51 6°Cs ez* €01 lgce el
1T°T  10°¢ 63T G°97 £3° 9:¢°1 €. €y’ gLz 95° .
ST WEE 8°1T  §*4t 95° glet &a° 16° £uz tC*6
St 2°h T°LT 3°05 13° Tz°1 62 gt 95°2 1A
9G°1T  L1°¢ 6°91T 029 £9° 6R°1 og” 01 apez 55°g
LG*T  ot°t g9*qL  ©° mt s9° g9°1 62* %° 63°2 ou.m
621  26°c L*s1 hesg gL* 9L°1 oh® 06° sieg g2°9
cI*T  of"E S°€Y 0°Z7 95° LA € =T 6lez (WAL
91°1 g9t 3°9T Ly 19° g1 1€ Che 4844 Leoe
/18 SR 04 Y 08T Ul s3° 23°1 e sg° 91°¢ 2l%5
£2°tT  y9°¢ g AT oCyY 23° 55° 62° g L2 99°L
12°1  95°¢ ol TUus a 2.1 2g” e 8% L%*¢
0T*1T  51°¢ 9*sT  2°97 65° LIRS g2 el 6L°2 £2°¢
01°1  9f‘'t LSS S A ¥ 25 121 1e° L5® 92° L 92°C1
€e°1  1f°t ) S A Ti® £6°1 ot e sl°e Sh*L
l2°1  entt 9°51T  C°0% 429° Li*t 1€ Sgy* gutL Lt e
6I°T gifi*t §*€T  T°0Y 09° L7 ¢ ng* £Q° gLee 30°1

[H LPOG Eu 1*3m ApCQ TRTIN ARCG ¥ Tan Areg T "3A Apoq R3]

3T /Bu 30071 B fo01/8 Zoo1/8 Jo1/?

B8359;] uisay LR ETH JBATT
BLVY JEISVE CIVIORE LOUE b IvIaC BRYONS SLCTIHS A S0 CIUDINA

Lil62  usss
L6z AT
9lz a1
| R4 L1
1€ 91
42 ST
oGt 1
Lot £1
e z1
21¢ 11
062 61
gle &
262 X
TS 2
&42 &
508 4
e &
L2 £
gle bd
Be 1

STy gea Jo
fpog  asquoy




144

heart and liver were laasgs affectad,
it may be ssen from Tanle 18 that slzht weoks

ftor hypophysectomy no further chaage occurred, The
adronals and testes were atrophled to apprexzimetaly the
samne sztsnt as hefore snd a similar observation may bs made
for the hearts, I1he relative welsht of the llver however
was not slgnificantly differsnt than normal snd only a
dacreass in the absolute welzht of thle tissue 1s spparent,
Tho abgoluta welzht of wraln was agzaln not sicnificantly
dlfferant than normal ana flactuationsg in the waiiht of
this tlasue were not observed subgequently. Thus, the che
garved chanres in the relative welpht of brain are unimporte
aut nince they :merely reflect changes in body welght,

ihe affect of hormonsl tregatmont will now be

considared, In sach tanle, excsptlion made for the adrenals
anéd teates, the valuas cobtalped In the different homnone
zroups are compared to two sats of values, the normal
values lloted in Teble 19 and the veluas obtained from elrht
wesks bypophysectomized rats. The results of ihese come
parisons are recordaed at the hottom of each table, ‘Hhe
roason for this double comparison srises from the fact that
the normal rats of the same age a8 ths experimental rats
wore fTagted in order to facllitate compariaon in castechola-
wine content bvetwean an oxperimental orzan of a nsme walight

as normal, ‘hus, 1t was felt (hat a better evaluation of

OSSOSO &5t )
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the different hormonal treatmentscould ba obtalned by
comparison with hypophysectomized rats, Comparison to
normal values, on the cother band, is 3ti1ll of practical
valua.,

Yable 20 shows the affsct of thyrozins on the
welghts of variousa organa ohtalned from hypophvseotomized
rats., In coonsidaring the porcent change compsred to sizht
weaks hypophysectomized rats 1t {a appersat thst thyroxine
stirmilated the growith of liver and haart, ths grestest affoct
baing noticenble on tte heart, ‘theas effacts also appssr to
ba apeclific to thess organs sines thyroxine hed no effect on
tody walght, It follows that thyroxine loncreasned the rala-
tive as well as the absolute welzhis of these tissues, 7hia
incvrease iu relatlve weliht even exccedad the normal rsnpe
2y oan He Judpred whan tha parcent chenge is compored to
normal valuas, flowever, the absolute welight of liver nrd
theart of the nypophysectomizad ugroup treated with iLhyroxine
ts 811l hHelow normal, o lmportant change can b%e noted
in the bralin welght and the adrensls and testes remained
atrophlied es to e expsocted,

“he effset of growth hornone may bae obaserved in
fabla 21, Like thyroxine growth hormoans gppeors to lnoranse
the liver snd heart wel:ht of hypophysectomlired rais.
dowever, this effect doss not aupear to he asg apecifio as

for thyroxine, at lsast ln the case of the heort whare the

lig%
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Incrange in abgolute walybt of this tissue parallels the
incyresse in »ody weli:hi cauzed by the eduinlstration of
srowth hermons, Thus no sixulficant ehauvnye can 6 noted
in the relativo welgbt of twg hoart, On the other hand,
the stimalatory effsct of growth horwone on the liver wns
Jfaster than the 30% incresse 'n dody welsht and thls
resulted in a alznificant lucrsagse (+1771) ia the relative
wal ht ol thls orpan which agalo axceedaed tuat ohtalned
for normal ratas {(+25;.). Alshough the abmolite Lliver weight
ta not significantly ditfarent than normal the shaolute
heart welybht 1s 8t1lll slaniflcantly lower than normal,
o change can ne actsed for ths other organs,

Zhan both thyroxloeasnd growth hormone are sliven
to hypophysectomized rata Lt way be sesu in Tegble 22 that
exoapt {or the heart the sffects sre couwplerantary. The
percent Inersese In body welght 15 approximately thre ssemg asg
obtalnad with srowth hormone alonas, 1.8, 26%, Also, tha
effects on hoth llver wel:hia ara ths num total of tha
offaats talien gaperately. Iowever, syosrgism can Be noted
In vire avsoluts and relative hasrt woelzhts whare the of fact
is more than (he sum total of the iso0lated affects end an
235 and m 71X increase 18 recorded in Lle absolute and
raelative welzhts reapsciively. It may s notad that the
abgolute liver and bheart welibts of this group compere

Tavorably wlith those obtalned for normal; wheraas, Ghe
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relative weluzht Lz avove normal, 4 omall “mt g'pnificant
effact of toeth hormonas can be noted an the braln of
hyponnyvaaectorized rava,

Although thoe liver end haort wealgbt lo trls zroup
zould be comparoed ulth the wel hta of llvera and hearts
from usrmal rats, we hed not ostrined 9 aize of normel
arzong wioleh was In the welpht range of othopr oroups, for
inatance, the hypophyssstomized sroup, vldently, ihe
tngeatisan of sucrose may ktave pravanted tLhe alfoct of
Tasting. deeordingly, Lhe wihole sorles of exzwerinenta was
vepaaved with rats glven ordinary wever as drinking fluld,
ihe results obtained on the various organ welshts ol the
ggoond garles wlll mow be presented, Tanle 83'ahnwa the
valuas ohiglined for thrae weeks hypophysectomlzed rata,
the regulta are gssenllally &'e seme ags ohtalned previoualy,
here 1s a 263 dscrease in the hody wolght of hypophye
sectomized anlamals and a corrasponding 28% decrasnse in the
absoluve liver welzht., Thus, the ralative waei bt of liver
is mnol differsnt then normal. In the ocase of the heart,
howaver, there 1a a deoresss In the relativs wsliiht 3 well
89 in the ashsolute welpht of this tisgue, 8O change can be
noted in Lhe brain and ag usual the adrenals and teates are

conslderably atrophled,

In Table 24 where the voluas obtained for eight weaks

nypophysectomized rats are compared to normal, fasted rete,

I
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the differences are zeners.ly nct as =ariced as found
wravicasly, The rasson for this, ls that comparison is
wnde With normal rats of szaller sizg reavlting from the
fasting treastrant. It is interesting to rnuits that tue
relatlve welazht of hesrt is z2till lower hy § e game anouant
ng that found for the first sorles and tuerefore, apgoarsg
to be 8 specifio property of ths bypophvasactomired rats os
is, Yor axarmple, atrophy of Lrs alronsla auvd bestea, It is
svidant Iin the latter case that no matter how s=all ere
tha rormal rats, wbhen the wel:hts of thelr orrans aro come
pared with hypophysactomized animalg, the adressls and
testes 27 the normal snimels w11l olwava bhe of relatlvely
grestar alza, The adrewals end testes of nermol rats wero
not welgheds The slze of the normal rats raseorded in this
table was the closest we could obtain to the size of
hypophysectomized rats, Ht1ll, ite absolute liver and
heart wolrshts of hypophysectomlzed rats ars algnificantly
lower  than normal cdasplte the fasting treatmant,

In Table 26 the offect of Lhyroxinemay ta ohperved,
“nen comparlison ls =made with the oiynt weels hypophyssctore
1zed ratg it i3 apparont that thyroxinehad dnafinitaly no
affact on ths body growth of hypopbysectomizad rats, Un
the other hand, thls hormone woa capahle of incrsasing the
liver ond haeart walzhts, aad these laereases sre significant

In tarxs of hoth relative and anaolute welilyhta, Fhese
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affacts ars about four tines greater on the hoart,
23399b1ally, thess effects nrs tLhe ss~e s +hoss ohserved
previously. the absolute livor and heart wol:-bts ars not
alinificantly different tian normal besansg the fasting
treatwant reduced tne alze of normel rats. The relaeblve
wzighta of llver ernd haart are, ag Tound pravicusly, birher
than normal, In the game of liver, part of ti:ls increase
mar be attributed to a possible loweriny affect of fastiing
on the relatlvs wal-nt, Thia ls pronghly znot the cess for
i hsart where the relative wel:ht in this thyroldetreated
sroup is superior to any of the normal veluss obialned from
ro.s, {asted or not,

Tahle 27 abows that wrowth harmous increased the
body welsiht of bypophysectomized rats by 29, Uat eouirary

to that found previously the ineresse lun liver wal.:ht is

“imllsr to vre Inersase in hody weisht and no spacific effoct

of the growth hormons can ve noted on the liver., Ths soma
ongervation nolds for the heart, l.c, as noted before the
iftorease in heart wolght corresponds to the inorease In hody
welght, Tho absolute liver weluht of t:is group is compare
22le to normal Lut the sbsolute heart wei hi 1s stl1ll lower

than normal, Ths wolsbta of other orzens are not modified,

In able 28 the values obtalned from hypophyseotomized

rats vreatad with both thyrorximand growih hormone are shown,

sznin, it ig found that adminlatration of thesse hormones

: S
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produced arfects which are complementary ard tila tlme iLhe
imart 1s no exceptlon. llo synsrglem can he ohgervsd on
alunap tive relotlive or Lhe whsolute baert welghts, The
cfecta on relatlve haart welysht are comparabls Lo those
obtalaoad wlth Thyroxire alone o1 are the oum total of tne
affoore obibainad with bHoth hormona separatsly, 1n the case
of the absolute haart welight. In thila zroup all values
piecpt thozo for ihe adrenals and tastes are alyniflcantly
ahove nornal,

The heart rate of all rats wag alsc datermined and
wlll now be gousldered, Iu the {irsgt serica, Tables 29 shous
yho rosults omtalined with the different croups of rats,.
Lfter vhrees wesks hypophysectony, o swmall but gizniflcant
raductlion can w6 noved in the heart rate of rats subjscied
g thils operatlon, After oight wgzis tuls decreszs reachad
37+ of normal. Thyroximeinlected slone or with :rowth hore
mone Lucrezsedthe neert rate of hysophysactonmlzed ratas vut
uot tu uoem=al levelsy the haart rote of the hypopbysastonizad
rauvs treated with tbyrosxlue or tbyraxlnagna LZrowth norsone
ta 3tlll 1U» lower Luan normal, Growth bormone olso could
Lncvesae Lie heart rate of bypopbysectomized rats but thls
affact i3 amall and awounts to about half of thet obtalned
with thyroxing,

In the second series, Tablae 20 ashows that a stunifle

cent dearesse in the csrdlac rate of hypophyassetonired rats
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could e obtained only si;ht weelts after hypophyasactomy,

The 24% decreasse in the hoeurt rate of hypophysectomized

rats could be complotsly correctad

roxing, This effect of thyroximon the cardisc ratg wag

thg sars whether the hoprmone waa sdrinlastersd In the presence

of growth hormone or not, Orowth hormone alone had some

gifoct on tha haart rate but could not rsstore the cardinc

rate of hypoohysaectomlized rats to normal lavelé.

The diffeorent results ohtalned may bo surmarizsd

a8 followa:

1)

In the hypophysecotomized rats the body welgsht, as well

as both tts absolute and relatlva welghts of ths heart,

adrenals end tomps were ai:niflcaently rsduced, The

alze of brain wes not alynificantly changed and onhly

i1 absolule walpght of liver was found to he gonslstouatly

low 1n nypophysectomized rats, YBradyciardls was also
obgarved in theme snimala,.

Growth hormone appeasrs to have g rathar cevneral affect
on the zrowth of hypophyssctomlzed rats. Tho hody
welzht of hypophysectomized rats was increased bHy
adninistration of :rowth hormone and the ilnorense in
liver and neart welzhts seems to corrsapond to the
inorenss ln body welghts o offact of growth bormone
could be notad for the other organs, Thlis hormone had

but only o sliught effect on tiie heart rate.

hy edminlstration of thy-

U ;.
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3)

i)
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Thyroxline doss not appeer to exert any actlon on tne
body walght of nypophysectomized rats, hut could inorsasae
the walght of liver and heart. Thus thyrozlne had wmore
or less a speoifle astion on thene orpans, ypertrophy

was more promlnent in toe hesrt and thyroxlng had g

more pronounced sation on the heort cote than srowth

hormone, HNo seffect of this hormone could be noted on
the other tisaues,

dhsn hoth horwones were ziven to hypophysectomizad rats
there was an Increaze in body welsbt, livar and heerd
welrnt, In the latier two or:sns, hypertrophy could

tg onsorved since, in this ;roup, Lus relative weli ht
of thene Llnsuey were ahove normel, The nhsert rate in
thla group waas Increascd to tha some extent as for the
Lhyroxine rroup. In all these effectn, aynergzlasm of

these hormones could not ve conalgtently ahservad,

s s F
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In all thae sxperlimental rats treated or not with

topmongs the adraenals and teates were claarly atrophisg

nnd this ‘s 1n no way surprising since nll theae animols

ware doprived of the apeclfic tropnhie Yinrmonas nscs3sary
foﬁutheir malntanance, The wel.nt valuea of thogo rlands
worae recorded in the forezoing ssction for tiha main pPUr= i
pose of showln; the efficlency and completaneas of
typophyscotomy. ln faet whaen sny doubb arose on the
completienees of Lh1s operatlion (ariteria wams braed on tha
walshg of testes arnd adrenals) all valiss were aatomati-
cully rajosted and thlz alsc holds for the cetecholamine
values,

wontrary to what wvas orgorved 1n the othar ArZang,
tro brala wel:ht wes pelatively constant in all exparlie
mental srodps. In thia respect ths brain Walisht psems to
28 lntependent of hody waelzht and nlso dous not arpear to
be dependent on vhe preserce of the pitultary ..land st
lesst in the young adult rat, Fousibly, a different
situation may have osccurred if hypophyasactoxry had bason
snade 1n much youngoer rats, I'lowever, the fact thait the
other tlasuashavesuffered profound changes 12 wélmht placea
the brain In ¢ d1ifferent csategory. The phyalologleal

implicatlion of t*ls observation along is difficult to assaess
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and 14 could oaly be supgestsd that the brsin of hypophy-
ssctomized ratas 1n all appearancss may at least potentinlly
function as well 23 normal, Invoatlzation on orain walght
uander Lhesa experimental conditlions Jdoes not apsesr to have
asgan made By other workers,

The raesulta obtainad on hody welirht, liver and hsart
welszht, in general, con{irm those obtalined by othar warkars,
Growth stasla in hypophysectomized rats has bean raported
by numerous enthors ( &7, a2, 322, 223, 22y ), Qur presalts

stow thet ;rowth arrest was complete and the same was slgo

found by many others ( &7, 22/, 22y )e ilowever, %eow (222,223 )

¢ould stlll detect elirht bout gignificant arowth in his
Lypophyseetanized rata, 7e stirldbuted thls to a still
mongible ascretion of the thyrold slond in bhypophysectomized
rats (22%), snd t"is brings up a mach debated point, 1Is the
thyrold hormone capable of stimuletling growth of bypophye
sectoriped rats? The growth proweting activity of tLha thye
rold hormone ean he onsarved clesarly when growth ie reterded
in thyroldectomized rats (225) ond then 1a maintained with
thyroxine u7) But wlth bypophysectomlzed fats one group of

wortters ohteined an affect of thyroxline on Lhe bhody welprht

of hypophysactomized rats ( 222,222,230, 231 ) wherees others

could not detect any effeet ( 225, 227, 229, 229,224 ). Scow
{222.) su:reated that dosage 19 important in producing this

anaholic affect of thyroxicve and can be only ohtelned with
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low doses of 2.5 = 3.0pize However, mnrsly ead Leblond (47)
foalled Lo deteot growth proaobing astivity of thyroxline in
hypophysactomized rats at dosca of 3pg. What age could be
1mpov£ant 1s not imponssibls since 3caw (122,113) usoed vary
younz hypophysestomized rats, but thils is umnlilkely on the
basis that no effect of thyroxine on zrowth could ba
obaerved 1n vary younz hypophysectonmized mice and this at
varlous doaes of thyroxine (232), In any cess, we could
not obgerve any growth in our hypophysectonizad rats and
thyroxlne adminiatered with or without growtb hopwmonas did
not have any s’'fact on the body welyht of ths hypophye
suotomized rats, uUn the otaer hand, growth hormons wns
capohle of stimulating the prowth of hypophysectomized rata
and thase results support thse hypothesls emiited by soveral
workers (233,234,235 ) that the growth promoting metivity of
thyroxine is due bte the releass of hypophyseal growth hore
monsg hy thyroxine,

The effects of growth hormone on the body welght,
liver and heart welzht is Iin agrosment with other raports,
30w (223) slso noted that ths galn ln'&elght of liver,
haart and kidney caused by treatmant with growth hormone in
thyroldectomizaedehypophyseatonlzed rats was proportional to
Lha inorease in body welght, Thusz the actlon of this hormone
appaars to be s general one, Along these lines, “eznal (227)

showed that srowth tormone ¢nuld not correct the cariliae

e w0 m-xm,mtﬁuﬁs
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atrophy or low relative wei;ht of haearts regultin: in
hypophyssctomized rata, Himiler rnsulba'on'the'lack of
affeqt of srowth hormone on oardlec atrophy of hypophye
asctomized rats 1z also reportes by -hitehorn et sl (229 ),
Yhitehorn et al further polunted nut that Lie low relaetive
nsart welpht of hypophyscctomizned rata still peralsts whan
these are compared to normal rats of the sama slze., Thisg
is alao in accordance with our findings thet the relstlive
haart weli: st of hypophysecteomizsd rats was sizgnificantly
lowap than that o normal fasted rats of almost Lthe sare
siza., iIhug true cardiac atrophy can he demonsirated and
avpears te ve a dlract consoguence of hypophysectony. This
soss not scem to be the case for tha liver since Lhte

relative wolght of this tlssue in bypouhysectomized rats

wag nat found to bae oonzistently and siynificantly diffarent

from normal,

The effacts produced hy thyroxine are intereating,
Legplte the lack of affesot of thls harmons on the body
walsht of hypophysactomized rats, in thesze sams ratls,
thyroxine could incresee the walpht of bhoth Zhe liver and
heert, Thus the eardlac atrophy of hypoprhysectomlized rats
wag due to tho ebsance of nafmal thyroald funetinong As
already sugg:aested by fleznak (227), It is very dlffiocult to

decldas whotbar Lrare 18 & correlation of any Uind with this
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affact of tbhyroxing and the offsct of thls_hurmona on

kaert rale, The fact le that cardlac atrophy 13 sssoci-
ated wltl low heart rate as for exanple in bypophysoctomized
rats and oypophyscetomlized rats treated wlth srowth bore
wone,  Unyroxine broeastment wirlebh cnaged cardlse bkypertrovhy
glas> Increased the heavrt rote., /fowever, no atrlet
Jorrelation can be wade velwesn thls cardlac bypertrophy

and heart rete; the heurt rata of hypophyseoctomlzaed rats
treatved »with thyroxlue alons or with srowth normone could
never e found %o exceed the nowvmal haart rate, vot, cardiac
bypertrophy ln theze oxperimantal groups was sisniflcantly
hlrber then normal. lo vormel rats as well, no reletlionship
eonilu e Jrswn detween allbsr tha ebsolnse or raelative

reart welghis a~xd the heart rate. The flimiing that the
walsht eZfect of thyroxine 1s not limited to tihs heasrt and
1z also cbservable in the liver mey be token as an indication
thot this welyplt effect on tha haart ls probably not
connoocted ¢o nome homocynamic factore Accordingly, Peznak
(221) could nol establlish any relatlonshlp btetwsen tho size
2f heart and heart performencs, The resulte osvtalned for
tha hsart rate on the vaerlous groups of rats are ossentially
the sema as Lthone obtalued by Beznsel (252), In the first

ssries, thyroxlne did not completely restore the hesrt reie

Lo normal lovela, #ut the beart rate of ihe bypophysectomized

reta Lreated wlki: Lhyroxine wea only 10% lower than normal,
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and i{n tho gecond serles, the heart rate 2 the thyrorine-
treated zroups was not difforest from normael,

It is towptlng to suszgest o0 the %eals of the
following obsarvetlons that nutritionel fesotors may posslihly
he lavelved o Lha ohasrved chanres 'n hoart rate: 1) tha
food gonnumptlon of Lypophysestonizad rata 1s restly ro-
gaced ( 236,01}, 2) foodt consurmtion of hypoohvsaschonlzed
rohs s Inorsased by treatmont with Lnyroxine (222) or
seowbh hormone (parsonal cowmanication from ir, Nesnak),

3) the beact rate of normel ravs plvan §1 sucross as drimiing
water wag senarally higher thean thoss glven srdinary weter,

Admittenly, the latter ohsarvatlion may zluply b

(¢}

otncldantal
and would need more axperimantal support, Also no estimntion
can ba ohtoined on thoe differentlal armount (L7 ony) of food
congumed hstween the sroups treated with thyroxine and

Jrowth howrmone wileh would be appracisted slnce the hasprt
rate observed hetweoen these sroups was different, n the
otiar hand, the finding that the reduction In food inteka is
approximately the sane In thyroldectomlized rots as in
nypophygactonmized rats (2% ) 1z sucpeative that shyroxine

1s mogztly roaponsible for thls snorexia., Thug a slow
natabolle rate in hypophysectomlieed rata may oasuse a phye-
giclogzleal readjustmont of the animal leadin: to a slow
aarilae rate in 8 manner slmilar to that proposed Ly

woznak (252) apnd wmoy alno ne ragposnaibhle for 8 redaetlun in




e

170

cG* 7 ¢

pil AR
geuts eyt afireresise

6HEN"
N‘mwﬁsur *
Lesh®
Liange
EESy®

Lo1se
5001
atga
LGES®
L5T1s"
SQugn®
Sgig”
0CLi®
2Eat.
OTAN

B2+

1E0°z216:”

Wﬂnm-
T§ A1 v
6hzse°

LSGeE?
IS T

L1°F L969°

Lezle
6lgl*
03en°
ome*
§99L”
FEVIAC
cH3tL*
Zu13*
C&8T0° 1L
culle

AuoqdesAydodsiy assje Guiy %

DIUTJ SUIHLTIP FEB OSCIOnE G unald exswm
HOTIBTABD PIBDIELS

ShIH® | est

s€0n°
Gee 1519
2hey
2I€"
2005*
legye

065"

ERCEEYED
windod

Ta68.

TBLICy,

PO G056
=fydods;,
b3

NeOR 341G

Ta*

of
4

74

.ﬂmﬂ +

YELTET ATl

*

83

89

BI TV L
*

BEDTITUS Y

gdugyn ©

&

5° vees
L el
Le G

RV
]
b

TRy e Tou d TANES R Lo hon

REFATCEYCE
wRudedEn

IsuIcy

POaIWH05 088

whiidecd i

* .,;Qu

e 3

Toados

%0a  3C
aacin;

Su¥y
1

SR E G C SRS Bl ot b

Fag Al w‘..H. LR
(SR A

LONSANSCL A

r 48 2 are €S T Bk STTRf ATt B
JNMHIECD SRITTVEIEIEION

AR O




R

\T

fo0d4 Intake. In turn parhens thls anoraxia ms7 embrle
Bute to the reductlon In hasrt vate 7y not dispangin: the
amoung of suvstansas whieh may Mavae eawa infliusrea on

cardian ehvihm,
s mentlonaed previously Lhe vosalhility of n

parsleipation of tha catecholawinag im thase chan:

az of

i~
o

cardlac rate hes baen Invosblpated and the rasulis obtalned

LIRS

wlll now be nresentad togatiier with cetscholanmine content

of othor tiassuas,

Nl s AT A YT OF D TR R P Mg ity 4 Py
T2 QAT LDIALA TN SORTRYDr OF IR TS § S HCEANR ANTATN

{ I = ATNHED WG
HOANAL xAVS, SN OOrIR ODORINIL HAUS ANDL I SN TGENHTNCD BATS
’
T T W0 YROZTINY, Showsd HRGIOHT, TUra o W FILIs anowey

BORBGNT,

In the heart

Lot us now conaller the results obtalned 1o She
flrst serles of expariments whore all rate were #iven &7
sucrose as drinking fluld, Te»ls 31 shows the norsdrenallne
content, of hearys obtoined from rais thre: weeka and alyht
@esks ulfter hypophysectomy. After threo weslks typophysectony,
the amount of noradranaline psr heart was decrsazed by 275
“owavar, when the values are axpreaesed por aran a L7
incraenae 1a notad in tho hearts of hyronhyaectomized rats
slace these bhearts were muoh s~aller thao normal nnas., After

ol ht weaks hypophyseatouyy the same differances are noted and

H
i
3
:
i
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sre quantitavely comparanle to those found at Lhrse woala
typophyssctomy. ALl thase rasulis were statlaticslly
glygnifloant, Table 32 rhows the reaulits obtained with
hypopbyssctomized rats adminigtered thyroxine, srowth
Bopmaas o both, Ynwinetlon of t-ig table reveals iLbhay
sman Lite volues arg oonaslacred per haori, horeonal iragie
swent redused the oovgervoed decresse in noradranaline to a
a0% difference from normale., This offect was the sare In
n1ll tbhres hormone-trasted zroups bHut the heart noradransline
cantont wae gtill si;miflcantly lower then nsrsal in sl
experlmantal sroups. 3ince also thae voradrensling content
psr heart la ldentics) in all three uroups of rats injected
witl e hoermones tho veluas reported por :ra~ ~waraly
refleet tha differances in heart waigzhts raspactive to sagh
Sroup. L2t us conglder now the rseulis cbiuined when all
rots ware ylven ordinary weter. It rasy Ye odgerved Lrom
Yable 33 that after tirse waslis hypophysecstory the nor-
airennline veluaes axpressed per heart indicate the sarmo

A%4 dwersase, Fha inocrense in concantratlion of noradrenre-

-

tne by 175 was lower then thet vrevioualy obtulined becanas
ot differances in heart welcht, After ol bt weolts hypophye
gsatomy the noradranaline content par hoart was lower by
L9%, 1t zmat bBs erpmhaslzsd that the norual rets with whieh
comparison 1s made had basn successflully fasted and oonso-

nuantly thaly hsart welsht was almost comperahle to that of




147

eu® 2z d 07 4
%92 ~ eh -
e Zieestr

Lisee aLee”
sLsf® gk
252 ggli®

X UERYEL G /e

SFUCHIC: UJACGIY
puB aajreaiyy

e e P Ay

*s4Bp 91 03 A131USIINOUCD

pegoafuy euvondcy yyaca® jo Bwugy pus mcmno.q?n Jo w&ww@.
siep 91 ao3 L1157 peaovefu] Fuf o
siayp gz jo poiaod & J5a0 peaosfuar PuSiipeT .
BA8D Gf J0J PSIPE] 8JIBM $33a TBUJIOY }
PINTS rnmxc«hﬁ 88 as388 AJBUIRIO UBAIS eJ9M 838I IV L
UCTIBIAS]Y DPIRDUBIEC

74 S0%7d 2t 74 16* 74 eouBIJIUL TS
#HE— - Bt S 76L -~ eZusyy 1
SoTraEe” iy €lo° [eptEs Bst1° 7 MW F66T6* e Lohde  usey
*
92%g° 9tgl® s
_ S%0Se qhole fi
2LYE 65£9° gglee TShL® £
ot62®  LIET LIt 5065 Llgss  ohege 2
G6lLe a9tL® G992° 2ale” AT omuw. T
uhaos\wdx M\wm\ EECERYEG 750
wza&acr Uanoan QUIXCIAT,, POLEB L ABX g0
¢ ¥ J9ciEng
PO2Twoqoe8Agcodsy TeEIOL
BI¥E A0 odilNS SN0 NVA 40N (RRIY.IHNC SIWEL 40 JSINCD TRINYRLTAYIOH

4

i

£ 61asy




176

nypophyssotomlzed rats, It ia important to note thai

degplte thia low hoart walsht tha noradrensline econtent
2er heoart in normal ravs was well nglntealned, It fsllowas
thut now a decrease in the concentration of hgart nop-

2areseline of bypophysocatomlized rats is also observed when

tie results are expressod per jrax, Thus as Lha alze of

normal hearts approacnss that of heasrts Crom kypophy=

3actomlized rats a recrease in the noredranslice contant
con ba noted n nearts of the latter group with hoth manng
ol sxproaslon, Tadble 3 shows %:2 noradranalipe content of

hearts obtninad from hypophysectomizoed rata treated with

thyrozine, growth hormons, or hoth, Unfortunataly, bacouge

of technlagl diffleultiss experlenced with malntalnlng
thess oarts frozen suring the storage nartod, catachole
amine dstarsinations of wmore than o few experimsental hoarts
conld 2t he wade and t*ig mates quuntitativa compsr!laon
“Yazardous, ‘lHavertheless, 1t mav e revorked that desplte
tus faw number of deterainations made a statistical Jlaerosaag
8t111 persiasts in the total heart noradrenalline sontent 1in
nll thrae yroups of hypophyssctomized rats trested with Lhe
kormones, and thla 4s in aceordance with that vraviounly

found, Tt may “e pertinent to draw attantlon to the fact

that, contrary t» oravious comparlsons, the walrhts of nore

~al hoartas to wirleb these compariasons are meds ara Uhe an1e

e
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{conzult Table 26) ss thet observad for the thrroxine
SPIp 40d are some 300 lowsr tnan that of tho thyroxine
2lug growih hormone {Pable 285) group, thus the raeasunlts as
expreassad por heart sre oagacntisglly the s3sme dasplte
changen in sine of heert. On the othasr hand, when the
regilts are giprasnszd as concsnirations tho values sagn
to reflact changes in welght, Thus, as gecen 1In Table 34,
tre noradrsnaline content per rem in all experizentel
crouns s lover ogoperaed to norwel mainly hacause the siv
2f noprmel pearta to which they ers compared 1l asaller,
3imilar ohsgervations gan e made for adrensllue
exaept Lhat the presults abtelinsd wiith this catecholamine
waro nst e3 sonslasvent as for noradrersline, In the flrst
series, Tabls 3% shows that after three wveats hypophye
soctamy, the adrenaline content of hearta 1s 32F lowor tLhan
narial, Ihe observed 337 Ilnorense ln the concantratlon of
ndresaline iz not statlsticeally sipgnificent, After slzht
“8eus nypophysectomy, the myocardlal adronalline content par
teart 1s not giznificantly dlfferent from normal but the
adrennllne concantrotlion 1is signiflesntly sbove normal,
oty lucroase gan bo oomplately acoounted for by thie amaller
slze of Learts {rom hypophysactomized rats as compared to
normal, o Tahle 34 1s shown the effect of verious hor-
=nnal treatmonts on the adrenaline contant. Ho siygnificant

ahanre Le noted excapt In the zroup of hypophysectomizsd
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rota civan growth hormone where there 18 a 657 decrsase g
In tre total heart sdrencline =03 a similar docressze in %
!
vue concaentratlon of adrenaling, iv the aolhar gerlen of %
exparlrents, fable 37 showz thal three weeks afiar hHypoe %
-bysectvomy rats exhlult s 94 decresse In trolr total %
syocariial esdrenslins whepreas the adrenaoline econtent cor %
!

Jram was not algnlficently moedlificd, Theza res1lis ars

szxgentielly the aara na found previnusly. liowever, this

decrasss axtonds Yo el bt woelkg=hypophyaectomlized rats and

gmoantg Lo 433 simllar dsoroases In tobtal adrecaline are
alza noted {Fenle 34) (v Lthe hornone-ireated rats, Thase
diffeproncan are slaniflcent 1o tha peouvth hormoce - roups
daspite ihs srall naver of detersinations mnda, Az for
noradeenaline, the adprennline contant per zrem ls loawer in
te hearts 2f hypophysectomized rats treatad with the hore
mones malnly becausge of welpht differencas “eiween theose
axpsrimentel and normal hanris,

AllL tha above maentionad data togethef witl the
rasalts oztalned wlth mbaolube hanrt walyht and heartrate
are summarizad in Table 39,

In conolusion 1% may te gald that In both serlcé
st total noradrenaline content of 8ll experlmental hoarts
wag alunifleantly lower than normel Irraspectlve of changes
in welshte L1t appears tnet thls reduction in totael nore

adraenaline wns pot o3 wmarked lu the hearts of hypophyacctomnizsed




4

raty tragted wlth tnyroxiue, :rowith hormons or Hoth,.
dnen the rasults ore exprossed on a por grax basls vapri-
adle roaults were odtalned dapending on the a3izae of hoarbs,

ia uthe case ot sdreonmline, in the second sexlas a

raduaced toiel adravaline contant 1o bscarts »f bBaith thrso

”

and ol DL waetas hypophyssctomlzed rets was found and hore-
menel Lreatment dld not appesar to raige thse adrsnalline
content Lo a normal lavel., In the first serlies i&se total
adrenaline contant of heerts from sisht weoeks hypephy=
scetonlzad rata was not algnificsatly &ifferernt from normal
and in the presence of thils reaalt i i3 difficuls to
attribute somn heneficlal affoct of t%yroxinn_on the total
adranalinag contant of hearts from hypophysectomized ratg.
Although it seewms rrobable that the sdrenaline content per
heart 13 lower in hypophyscctomlzed rats this finting has
Lo e tawen with reservationa und no definite conclusion
can be drawn on ihe effects of hormonal treantmant,

Lt may bave bean felt durlng tias f{orezolng dige
cusslon that more emphasis was put on the rezults obisined
{rom cetechnlenine valuss exprssased nar hsart, The raesaon
For tuls preference will he apparent Crom wnat follows.
i4 13 roslizsd that Iln conslderling the regults by this
moans of exnreoxaslon the author becomes sxposed to eritvieclsm,
for exanple, In censlderling e decresse Iln the total cstachol-

awing contant of such amall haarts as those of hypophye

e | R
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sectomnized rats one cannot help but think that thils
deercass moy have hean occuslonsd indlrvactly by a wal-ht
facter sad ls not 2 Urue dlrect affoot of hypophfsectamy.
Phat such an objectlon 13 zrobably not valld follows (roa
Lioe obasrveatlion, mede curlng Lhe eoursc of these erperie
mantB, that the eatecholeumine contant aer normal iaart

la relatlvely coustant and does not depernd on ths size of
the heget, Thiz is roproaented statistically in ¢igura ¥
for noradrensline end in Fipre VI for adrenaline, 1t ia
raadily saen thst for a range of welght verving from .o

to Lo3 granm tne asnount of catecinlanine por hoart is indee-
pandant of hears weliht., A direct cousaeguonce of Lhis
cougseney 1o the amount of total catecholamine in Yeurts of
various wel-hts is that the eoncantratlon of catecholomineg
18 lnversely proportionel to ithe welrhts of heartas, The
quantitative demonstration of thls relationshio cnn he
avgsrved in Floure VII for noradrensline end Pigure VIIZ
for adranalins, Thls relatlonship 1s quontitavely compare
ble with both noradrsnsglianes and adrensline} norwmal heorts
welgshing 0.7 wram contalu approximataly twice am much
satkecholsnling on & par gramn 2nsls than hearts welphing 1
arame A vary simllar rolstlonship hetween catecholamine
concantratlon snd heart welzht has bsen noted by Yegmann

st _al (277} in dogs. It is ovident from these filgures

chet Ln congslidering rasalts golely on a por oram basls one
L f 'k

.
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ia llabls to lntroduce a gsecond varlable of weluht effect
arsd may lead to arronsous interpretstions. This polnt

1s »f capltal lmportance in our case where the diffsrent
gxpsrinantal condltlong used resalted ln varistlon of

welzht of wide range; If comparisons are Lo ho mode on a

per ram basls ralisble results can only be ohitsinaed when the

toarts of sxparimental anlwmsals do not differ in weizht from
thnee of normala, This praesented a problenm slnce, sas
montionsd, a wide vavicty »f wel;hts were ohtalnsd for the
axparimsntal hearts, n the other hand, the fasving of
normal rats paemitited uas to obitsln hearts of 2 relatively
wice racza of walghts and the above mantloned ralaticunship
hotweon catscholamine concentratlon and wei;hﬁ of haart
could be establlsioc. It wnrs empheaizsd La prasenting the

tablse Lhat whanevar normal hospts had sizes similar to

exparimasntal hearta sho results were the sarse wit!i doth mesns

of axpreasslon., Iin faot, when correction ls mada for th
waliht 8'fects, the rasulis sonslidered per gram are in all
napocts the snve as those obtalned par henrt, Thils can
easlly be verified 5y comparing oach exporinsntal value for
catacholamine concentratlion with thelr respectlive henrt
waight to the normal regreasion lins of Rizure VII and VIII,
lecause of thase conslderatlons Lt seems only reascngblse to
conglder the values of catecholamine per heart a more valid

mzang of exprasalon, [t glves a more falthful pieture of

SRR i
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ths olfeots caused 1ln the catecholaming content by the
wifferent oxporimental condltions used and by-poasges

difflcultlies arising from welght effectls,

In the liver

Let uz now gonglder the results oblalnsd In the fipat
saries of sxparimentas, Tabls L7 ahows the noradrenaling
contant of llvers obtalned from throe weeks ani eliht weelge-
nyponhygsctomiced rats, The only aizniflcant difforerices
are those occurring whan the resslts are axpressed par llvsr,
Thug 1% may be obgerved that after three weols the livers of
hyuophyssctonized rate contalined 30% leas noradrenaline than
normala, after el bt weecka there 13 8tlll e siionificant 3I5¥
deereaase 1o the livers of hypophysectomlzaed rata, The welihts
of livers from hypophysectomized rats were ssme 39«H501 lower
than normol,

Uppn consldering Teble ) 1t mas be deducod that
adgminlatration of hoth thyroxine and growth hormone togather
raduces the obsservsd decrocase In total noradranraline content
of llvers cof hypophyseotomized rets to insiznificant d1ffer-
ances. Urowth hormons 1s less eoffactive and thyroxine does
not hrling mach change., Tt may be noted howsver, that thease
chenzes follow thesa ohtslined wilth llver weizht, Indeaed 1t
may be recalled that the wolghts of livers from hypophy-

sestomizad perte treatad with bHolbh hormones warae comporable to

SO 1.5
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normal, whereas the livers of thyrorine=-trested hypophye
seatunizod rate were still 23¥ lowar., In the growth hore
wons rodp the walphta of livers were in an intormadiate
lavel between the othor two hormone rroupa. wWilth the other
asrles, Tanle 42 ghows no significant differences 1n iLhe
noradrennaline contaent of alther thrae or alirht weelkse
typophysectomized rats, Ths differance in livar wai:ht
betwaan the axperimental wnd nmormal ‘roup was much laas 1o
this garisa., 1In Tobls 43 clase, no slznificant difference
ia obssrved in the noradranalline content of the differant
srogupo of ravs Lreatsd with ths hornoneg, the welrhbis of
roragl llvers bein: in tuls case lower or comparable to the
other oxperimental groups, 16 may be apparant from these
resullas that there may ba a certaln dependance of the nore
adraenaline content per liver on the weligbt of thlg tilasaue,
indead, 1t may he observad from "lzurs IX that the total
noradrenaline content of normal livers was not strictly
1ndepondent of liver welght, contrary to that found for thae
heart. This effsct In the liver was not very marked as ocan
be Judged from the alope of the rezression lina. The
difforence in tha totsl noradrensling content of livsera
walghloy between S end 10 srams ls of the order of 0,1pg.
rowaver, this difference is suech tnat 1t could vaducae to

inaly n'flesnt lavals the dscreass in total noradrensline
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sontent of livers of hypophyssctomired rats which was

cogerved in ths first serles, aincs in this cage, the

|
:
§
!
H
;
}
i
{
;
i
H

livera were approximataly half those of normala, 7To put it
in other words, part of this dacrense was due t2 Lhe low . ‘ :
l1iver wel:hts ol tha hypophygectomlced ratn, ilkewiso, the :
apparant boneficlel affeoct of hormonal traatwent oo the llver
soradeanallins content may bs ezplaolnsd by an Indirect ai'fect
af tho Yopmonas an fhe valzhta of livers, Flzure X showa a
mara prominent dependoaey of the councentratlina of noradran-
aline on the llver weignt of normal rats. 7Tbls effect of :
Liver walight is almost quentlitatively comporashle to that
Touad for heart) howevar, thls relationahip dves not prescnt |
a preblzm singe no siznificant &iffarances or connlstaent
trand were obhgerved batwsen the liver norasdreraline concen-
travion of any sroerinmentsl groupr ond thst of the normal

sroup, Thus, 1t doos not eppear thaet hypophysactomy

é giznificantly modifled the norsdrenslline econtent of llvera,

In ths cass of adraenaline a different sltuation 1e
prescent, In the [irat sorles it méy ng ohaerved in Vable I
? that bypophysasctony caused a8 marked daorasge Iin the total
garegnallnag content of llvers, toreover, tinis dsorsase was
guch Lhat 1t could bo reflscted by 8 corrsapondling: decrease

in the ooucentratlon of adrancline desplte the low welght of

livers of hypophyasatomized rats, This decrease in the

concentration »f liver adronaline was smaller and not
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statlistically significent but wis a oonelsgtent finding, nae
will be seen !n the sscond sarles, It may he seen in Tahle
6 bhat hormonal treatment of hypophbyssetomized rats reduced
chese Jdilfarences to Lnglgnifieant ehaenres, In the segond
asprles, vabls LG, it can bhe seen that ap found previously
vhore 13 n decreass Lin the total adrsnaline content of livers
af hypophysectomlized reta accompunlied by a lower decrease

in the concentration of adrensline. Aszaln, Tablo LT shows
that bormonal treatment raduced these changes Lo insiniflie
cant diffaraences, [t 1s diTfflcult %o descide whleh trente
ment was more affeative aslince tnase dlffsrences gre so small,
Tha amount »f sdrenalins pressnt In the liver, taling so
small, doss not pernit agcurate disorimlnation hetLwaen theae
diffarenaes,

It could be objected that these effecta of the
hopaonas on Lthe total adrensline content of llvers, In
zaneral, would prohably not be aigniflcant if ocowpsrad to
the valu=ss obtainad for hypophyseoctomized ralis, Haasons for
tris could entail such factors as slight variation Lo pre-
paratisng of reagenta which do bore on the sensitivity of
analysias, and othar factores which could not be controlled,
On the other hand, it 1s felt that svaluation 1s more
accuratealy possible whan the experimsntel valuess are come-
pared with normal values obtalned under the sarme conditions

of analysis as well as oxperimantal condlitlons 1denticel or

i
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¢
;
i
!
+




%’x%w o o

Biop § J0] PRISES D
BLED (F AC) DBISES v
) BXep F SLJ [@156, 9
BTN SQRIFUTIP 88 830K nhamwjnr UEATS &IEM 818J TT¥ X
§f 81uBl §830LJ00J ®eyL T DIATJ SeiRujaPD SU BSCA0rs YG Uesys vaer §ied LIy ¥
2¢ SI4B seqouyL. 3 8°¢ ) WCTRETABE PIBPUBIB Y11 » BBAIEZ 838 SPOIEA LSS
§8° ¥ we°l H00° T 2480 To0°® 7 atoc® | GAT® 489 (Zo* 325E0” T sULTICY .Sxmé -
. ) o +ouTgCXin] el 4 %
mm” WY | 69LLT ¥ BELT EZT0CT Fheil” S50t T EgLT WIGT v ?8 TouoRJIs: {3mCIn G
g€ 3 06°5 | LNe0T ¥ E0T  queet THOCT | OTTT 2pots  heo® 19500 Tewixoakur O .
£9° T US°S | SEGE* ¥ E52ut LTOG ¥ LWO0T | CoEt 3Enghit LE0T ¥ Tlee o qu n.d - pl
25° 3 f°S | £L0C° 7 0220° TTOC® 3 GECLUT | Cuu® ¥ NpTE  HIo® ¥ MTe0T rostucgosehgdodly g o
CL* # 0ty | 5107 3 93867 €200 7 6500° | 06T° ¥ 22gh®  fRe®  9€lo® . St I .
gl° 3 5579 166 7 TyT6°  TIOL® 74200° | 5900 % CELH® £oCe? 3 €£L07 pezjrorssshgdodin ¢ B
€2° 1 Gu*6 | gloc® 3 L3E0° TICO® 3 THuo® | OET° s lhpm® 910 + €S0 AR ORI -
" €1° 3 €0y | d6Lp® 16820 cSIoe® 32LCe” | EhI® T6ELa® 991° 1ogly” |BLOMIDL U3 m v
o +eutrcd un 11 *
~ 96° *5L0L eloo® soggct TIuC® 3 WEGST | Toe® ¥ 952a°  HET® FETL0C | suomIc: ajmcds TV
wm F a2ty | eguct F5120° 2roc® ¥ 5foe® | Sict FT12LR° TI6® ¥ Slict leuixexfgr  IT :
Y Ty g \® = e “To0® % $Oe o . - ~170* . - & -5 ® WaTo - KA
L amn | et SR | BER SRINN it ;o
toFsCln | stoet 3 TLICT o A 50° 7 62t 50C° ¥ 0990 peziscyoeshudodss ¢ :
E°TF 92 | Guul® 1 9uNG 600U § 2500 LEC® 3 SETS® ET1e 3 5€90° TBwacy - -
el 3 m&“a Seut® £2uC”  LoGut FS00LT | 9607 R g gg® gect ¥ stlet poajwesesiydodss ¢
6f*1 :e5°0T | 95CC° 7 E2TL®  LOoC® 3 TTCL" | WigL® 7 2485°  GQT° 3 g050° TemInyg - :
3 By FEYSS P54 T7ET BNOGT
445018 AvAlT BsGIIEueaARY sGT8O IPBI0H gnogr:  AwOn058
-Eg2o Ay
hmuwa
sllr
+m§m S0 Ldnen A HVA MUHa L bhlrent Bemal® oo SLECIEN UV AN JAGD ERIOYILHDULND
mu u mnﬂfﬂa?:




e L A T S T T e

206

sedelbs 388BT jU pouygsw ®YY3 Ay pE3310I4d sulf

SWVHO NI LHOITFM

& @ u o & 8 ¢ o s v
9 =10
°
) ® o
® .... ® :
° ° ° -¢0" »
3 o 3
o : { 4]
°
d 3” ° ¢ ° a
° . £0 3
°

o | 3
[ [ 3
¢ 70
® <
., . 3
i <
. (50 &

°
Sele)

S1vd TIVWNHON WOY3 (G3NIViE0 SH3AIT JO SLHOIIM ANV
INIINOD 3NITYNIYAV VLIOL N33IMLIE NOILVIHVA LNVANIJIANI

IX &dicid .




207

sedasunbs g9see] JO poylsw Y3 Ag pe330Td euir
SHWVHO NI LHOI3M
el cl Ll oL 6 8 L

v

-0
1)

- L00
-200
-€00°
-P00
-GO0

5/6n aullpudUpyY

gAsle)
-800
-600

-0LO

S1vd TVWHON WOHd Q3NIVIGO SY3IAIT 40 SLHOIIM ANV
NOILVILNIDNOD INITVNIYAV N3IIMLIF JdIHSNOILVI3Y

I1X eanely

29




A Bt i e

T
SRR

209

sore mimilar to hormono=trsated croups. Higure Z1 shows
viiet the total adrenallns present in the liver is inde-
~ondent of the welpht of this orpan, Thus it sppesrs that
Lhe resulés o2talinsd in counsliapin: the tetal adrenaline
goutent glives a true plcture of the offecls obtained, On
thaﬂother hand, the adranallne concantyation seems to be
dgpandent on the size of llver as can be noted In Filzure fII,
fowsver, aa already mentioned tho dscreasse In totnl liver
adrenaline of bypophysectomlized rats was great enoupn to
cvaraoms thls offect and decresfses in adrenaline content of
livers from hypophysectomiged rats were conslstently obtsined
wlth both means ¢f exprasslion., The data aAre summarized in
fanle LY,

in eoncluzlion, it may he seid that hypophysectomy
doas not appasr bto nodlfy sisnlficantly the noradrenaline
contant of llvers and llkewlsa hormonal treatment doas not
brinzg any change, Put the hepstle adrensline conbteant of
hypophysectomized rats was decressed by sbout 604, Admine
Iatration of thyroxine, zrowth hormons or both reduced this

differenca to & non-gizgnificant change.

In the braln

The faot that very 1little varietlion weg found 1In

ths braln walpht of the various groups of rais greatly

OO ;.
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faollitates aevaluatlon of data; tho resulte then are at
langt qualltatively the sams with both wmesns -f sxpression,
In the Tirst sories Table 9 shows the noradrone
eline conmtant of bralng ohtelned from hypopnbyasctomized rate
comparad to normal rats, Yo statlatleal differancas can ba
ohsérwed between the norsdrenaline contont o»f the expsrl-
mental and normal groups hut grall inorenses may be noted
‘n the braln of hypophysasctomized rsts, The effoct of hore
“onal trastwent on the brein noradresnaline of hypophye
3aoctonmized rats 12 anown in Tadbls S0, Adwinlatration of
Jecuth barmone to hypophysectomized rais dld not bring =mch
ehange, tha braln noradrensline convent in thls zroup heling
3till higher than normal, owever, treatment of hypophy-
sactomized rats with thyroxins slonz or in combinetion with
growth hormone decreassd the noradreneline scontent to lavels
wirieh are sligznhtly below noemal, This effect 1s statistie
cally signiflecant whan both hormones are given and with hoth
negng of expreassion but the differences are not as siznifi-
cont when thyroxlne aloma is administersd, In the second
serisa of oxperiments, it may be obsaervsd (Tabls 51) that,
a1y found pravicusly, tha noradrenaline content of “rains
from hypophysectomized rats la higher than normal, Bat atill,
thls effect {8 not very prominent and ls not statlatlieally

sisnificant axcept for alght weeksehypopbyseotomized rats,

[T b
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It aan be seen, from Tabls 2, that as found before iLhy=
rozine adminiastared alone or econjolintly with growth

hoewone reduced the noradrenasline content of hypophyssctomliaad
rats to lovels whiech 2re lowor than normal, In thia ange
aowsyar thig offect was more pronouncad bhelin: approxlimately
twes to thres tines that found praviouazly., urowbth hormone

nod similar affescts although these were leas than thoss

founi for thyroxine,

In the csse of adrenallne (first seriles, Table 53)
there appaars to he a significent decreasa of 53 in the
axount of thls categholemineg in the bralins of rats which wersa
hypophyaactonized for three waeks, Hut alght weelrs alter
hypophysectomy ths sdraenaline content of brain 1s not slgnifi-
cantly differont from norasl, In Table Sk it may be obaerved
vhat Lhe adranaline comlent of hypophysactomized rats
tragted with the different bormonesg 1s above normal hut those
diffaprsnces are only atetisticolly significant in the groups
of rats injected with growth horrmone alene or togather with
vhyroxine, In She second serles, iable %5 shows that there
1g no sluniflieant dlfferences botwsen the adrenasline content
of brains rom hypophysectorized rats compsrad to normal.
azaln, Table 56 showe that the ndrenaline content of Lrains
from hypophysectomized rats treated with thyroxins and growth
hormone ls higher than normal., ‘Howaver, these incroases ars

much lesa then found before anl are not as statlstleally
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simnificant,

The abova mentloned 4atao are summerized in Tabls
27 togethor with absolute brain wsights,

In conelusion, the ncradrensline conlent of hynpoe-
phyasctanlzed ratg tended %o be alishtly hlgher thnon normal
and Qarmonal traatment espocially thyroxine not only
corrvcted thils trend but dceorsssed the noradrenaline consont
to lavels Lhat were below normal, In the case cof adren-
nllne, no conslstent chenge could be obsarved as s rasult
af hypophysectonye Un tne other hand, the Hraln adrannsline
content of hyrophyssctonlzed anlmsls treated with hormones

tanded to he hlzh as comparsd to normal,

PR ;1.2
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DISCISSTON

It 13 evident from the forezolng seotlion that
wihien one dealz with changes 1n catecholamine content of
tiague, winich sre Ilnduced »y avporimental conditlions which
3lao modify the slze of the orgsnsg congsarned, onsg 1a con-
fponted with 8 ssrious problsm, It is Indeed 4lfficult to
dacide whather theso ctanges in catecholaminae content are
due B9 & consequancs of these chenzes in welights or to o
dlrect effact of the Giffarent exparimental condltlons.
These difficulilies weres resclved »y showing thet in ganerel,
in normal orzans the total noradresasliue or sdrenaline
content, 1s not influenced by tihe alze of the orzang, Thus,
where the results gre axpreggsed por orzeu, tha varlous
differencas obtained can not be attrivuted to changas in
slzs »f orzans and this mode of expression appears to be
more valld, *That the catecholamline content per orzan ls
canstant over a wlde range of tiasus waight has lmportant
consequoencea; it follows from this thet small-size organs
will have a greater concentratlion of cateaholamine than
larger~glze orgons. Thus, neglectad welght factors 1in the
avaluation of dete oan lead to false conclusions or appare
antly paradox§1 regults, In the foregolng section there

are sxawplsa of thesme apparent contradictlons whaen the

et smen ST
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values are oonsldered on & per sram bosls and the welghta
nf the normsl orgasns are dlifferent from the axperimental
walqﬁts. Howaver, whan the welshts of normsl tiasue are
compargole to that of the aXxpsrimental the reaulits are no
different than when the values are eoxpressed per organ,

It 18 posaible that maeh of the confunlon renorted in the
Literature danling with concentratlion of eatscholawinag 1s
the result of laepproprlate conalderation of this posslhle
welzht vaxriabls,

This constaney ia the {ntel content of estecholamine
in heart 1s 17 fact not zurprising., There has heon considere
eble avidence that the stores of noradrevalline are Influcnced
by the prasence nf asympathetlc nerves. Cooper et al (233)
showod that in dogs deneorvation of hesart canses a decrenne
‘n the eatecholamine contant, In dors and shaepn, syvomoeth-
sptomy lowered the roradrgnaline content but epparently had
no effoct on adrensline (239 ). Goodall (290) also denona
strated that degenerastlicon of the adrenergic nerveas ls
agcompaniod by 2 dimlnution of the catscholamine content of
the orgsna suppliasd by theme nerves, Similer findings wers
raporteod by Connom and Lizssl (247} 1n the heart snd liver
of emts. In vitro 1t was shown by Goodall and Zirshrner (242)
Lhat sympetnetlc nerves are cspabla of aynthoalzing noradrens

aline from tyrosine, and loeal synthesle of cetecholarine by
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neart has besn demonstrated (243,244,245), rart of the
endogonous catecholamine In heart has olso been sugesated
t> wo derived from clreculatiog catsecholawlng ( 24,245 245 )
and the uptate of both clroulatin: noradrensllins snd
zapanallae bsa Loen sbown to be dependant an the presence
2f ay~puthetic narves {247 249). The catec slemines are
found in zrasiest anount in the atrlie (2%7) whlab pecsivs:
mogt of sympatbetle lonervation, It lg avident then, that
vne amount of catecholamine lg dependsunt on gympathetlc
qerva supply.e It may Do expacted tiat nervous asupply will
nobt be 2ofluenced by tha slze of LHhe organ it innervates
and consaguently the amount of catscholamine wlll logleslly
ra~gin unchangad In different slze organs, Liver noradren-
aline, in contrast to 1liver adransline or cardlac ecatachcle-
atinag, doas not appear to be strictly indspendant of organ
wal nt. It wmay bhe that sources other than of unervous
orlzia may be responslble for the ayntihesiz s{ noradrensline
in liver snid thase gourcses are affeztod hHy fectors influ-
suolng the wolibt of thls orzan, lowever, tils effect of
@eizht on the total noradrensline content of llver wes
anall sqd may he consldered to be nogligeanla with small
differasnces in the welght of llver.

The decreese in noradrensline and probdavly alse the
adranallae cantent in hearts of hypophysectomized rats ls

of extrems Interast regarding the correspending low heart

P unsimeinr]
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rate observed in theass animsls, The chraonotroplo effsct

of both catacholamings on hsart ls well known, and this
affact 15 elliclted anually well wilth both adronsline and
noradrenaline (250,251 ), It hes baen a general finding Lhas
proper naintencnce of tha cerdiac stores of cstecholamine
may be important for the wnormal functioning of haears., It
hags alroedy been mentloned in the introduction ¢f this
thesias (paze 37 to42) that catesholemine dapletling drupgs such
ag ressrpine snd guanethidine alleviated the tachycardls
obgervad in hyperthyroid animels., “lwmller resulta were alsgo
found in normal animals. Cooper gt_al (238) demonstrated
that the Zecreane ‘n° catecholamine content of hearts of
doga induced by tha densrvetlon of these hearts resulted in
sn inhibition of the inotropls snd ehronotropic response to
tyremine, Data provided by Maemlllsn (253) ghow: that whan
atrla were removed from rabbits previously trested with re-
serpine thelr rate of heatlug wes 115/min, comparad to 139/

in, for normal rabbits, Trendelonburg and Jravenstein (as4)

obsarved that the heart rate of dogs whose myoosrdlsl cateshole

anine had heen deplated by reserpine was slower and was not
inorensed by acoelerans naerve stimulastlon as readlly as the
haarts from normal sniwels,., iore strlking are reports 1o

whieh experimental heart fsailure in guinea plga and dogs heas
heon asgociatod and attributed to a decreaese in cardlac nore

edrenzline atores (255,256 ), Low myocordisl catecholanine
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contant has slac been found Lo ocour in patients who have
died from hoart failure (257}, '

From the foregolng congllsrationz, it 1s temptlng
to e#stablish a relatiounshlp of casune to elfact hetwaen
the low cataecholamine storas found in hsarts of bypophy-
secﬁomlaed rats and thelr low cardlilsec rate, lioweveyr, a9
guech, the data do: - not provide definlte avlidence that this

la a0 nor is it alwnys comzatible wlth thia bypothesla, In

our exporimantal condlitions theres 1a a lacik of strict corres-

asondaence bhebween the storasz of catacholaunlinag and bhsavt rate,

In genaerol, the psrcant decresse in both norasdreraline and
gdranaling content per hesrt of hypophysactomized rats was
zreater than the correspoading parcent daoreaaé In heart
rate, & fimilsy dlsproportionslity can be observed 1n the
hopmone-trgated groups. Assuming tiat the deersans In
catecuolomine content of hypophysactomlzed rats ls respone
4lble for t=e low hsart rate bLten, it 13 loplcal to expact
shat thyroxive, which lnorsassed the hsart rate of bhypophye
sagtomizad rats, will alaso ilnerease tha catecholomine
contant of theze hearts, Although thls wag the onss for
noradrenaline, in the Tirst sorles, the hearta of hypophy-
ssctonmlzed rots btrested with thyroxlime alone or with growth
nornone, gtill coaﬁained about 20% lass .noradrenaline than
norael, The haars rates in these groups howsver ware only

194 lower than normal. orowth hormons whieh was lass

V itrinig]
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affactive in restorin: the haart rate of bhypophysactomlized
rats had an effect on the noradrensline content wiloch was
idanticnl to that of thyroxine., I[n the sscond serles,

the haart rate of tne thyroxlns-traaisd gfaups wog aot
different {rom normal sut the catecholamine contaent ver
heért wog slrnificantly lasa Lhan normal, at lesasgt in the
sase of noradrensline, and th's desplite the small number of
deter~inations made. The sltuation 1a somewhat similar to
that arrived at by Harksr an? Fakluehl (4 ) who obtalnad

a decranse hoth in heart rate and myocardlial noradrenaline
content of rats trestsed with juanethidine, Tha deereass in
cavecholamine eonvant was greater than the corrssponilog
degreaze In heart rate. Although thyroxine 1ﬁcreosed Lo
haart rate to almoat noermel levela Lhie hormone had no effect
on the noradronalina content. In our cesa, saltbouzh thy=
roxine suemaed to bhava soma increasing effact on the nor-
sdranaling aontent of heerts from hypophyseotomlzed rata,
this offect appears to 28 anly psrtial and is no 4iffarent
than that odtained with growth hormones . Thua it is only
reasnnabla to doubt that the observed decreass in noradron-
aline content of heart of hypophysectomized rats is totaelly
responsitle for the ohssrved decreame in the heort rate of
these anlmals, It im evsen less llkaly that the synarziam
ohasarvad with thyroxine and growth hormone on the meximal

caraliac performance of hypophysactomized rats (252) may be
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explained by an increass abova unormal In th: heart stores
of tne omteciinlaminen,

With respect to the hoart rate howaver, a total
participation of low atorss of ceteschnola=ine In the
o asrved bralyeTardie of hypophysecctomlzed rals ceonnot be
ab~bha nragent time dafinitely rejected. This oplnten 13
wesad ~n the observation that bhyperthyroidiem hag bean
clasnieally asuscclated with tachpeardis. It la rather
intrlaing that doses of thyroxine whiseh are sufflclent to
prodiuece cardiac hypertrophy of hypophysectomizasd rats above
that obasrved for norueel rats have falled to Rlso ralss the
hsert rate above normal, Thus this relative lngensitivity
of hypophyssctomized rats to the astion of th&roxlne on the
cérﬁlac rete may hHe oxplalned hy the lower coontent of
wrocardlol noredrenaline, It way he surmlzed Lhery tﬁet a
cartain lovel of cardimc catecholsmine may he nccessary In
opder that thyroxine =~ay fully exert Lts action on the
heart rate, The arsense of normal cateoholamine storss nay
e due tno the atropby of ths adrenals, Although adraen-
alectomy or adranal demedullation was: shown nct to affsct
wyocordlal eatecholamlne contant { 258,257 ), repletlon of
myocerdial catecholanmine after depletlon with roserpine
trastiesnt was slower in adrenaslsctonizaed rats (457).

It 1s unfortunate that the rasults obtained with

sdrenalina wera noat completaly aatisfactory. {ho low
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adrenaline content of the arowth hormons group, at bast,
confirmgthat tho edrenaline content ol hyponhysectomized
rats 13 low, assumlng of gourse, that ;rowth hormone has

no vapleting offaut on the adrennline sontent of henvris,

It la laponsible to declids howsvar, wiether or not thyroxine
nas some restorinz offect on thorne low myoceardial adren-
alive stores, The findling that the adrenaline content of

liver was also cdecrassed In hypophysectomized rats Qoes

o L S R G T s e L e 2 T e

nnt Land support Lo the ldes Lhat the decresze In myo-
cardial adranaline may be linked in n spaecial way to zome

E hewodynswie factor such as heart rate or other.

| The results pertly confiram Ltnose obtalinad by Joufelt
E (/11 )} who reported a 2ilmllar decreaze 1o tbe nosredronaline

| content {puzfiz hwody wtl.) of hearts from hypophysectomizaed
rata. ihls decrsass coild be observed five days after
nypophysectomy and reached shout 33 that of noruals

ninetesn days after Lha oparation. On the ather hand,

aoutrery to our results, an lnoresse wes noted in edronnlines
content ng/kg body wt.) of hearts of hypopbhysactonized

rats, Urouwth hormone was found to ineresse the noradrsnasline
convant of haarss {rom hypophysectomized rats but te levels

whleh ware above those of normal rata, Urowth hormone hed

no effect on myocardial adrevaline, ‘The method used by
3 {Jokfalt for the datermination of oatecholaginaa was blo-

lagical snd thls wmay account for tne difference in results

B R NI R TRV AT
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obteined for adrenaling in the bearts of hyporhyseotomlzed
rats.

in crder to assess & true relatlionahlip of asusge to
effect hetween the gcardiac antecholamline stores and heart
rate 1t would be necessary to hegln a more <detplled and
systamatle study of the tlme reletionahip exlsting hetwaen
those two porameters. It would then ve possible to find
out whether or not the decrease in cardime catecholawine
sontent precedss tho deorsase in heart rate, which is
ohviously a nacessary prerequisite., *ore frulitful infor-
matlon could be gzained also with the more saensitive rsedilo-
active methous involving studieg of uptake or bluilng of
catecholamlna by hoart 1ln the dlverse experlméntul ROJUPS
of rats. It bas olready been wentioned in an aearlier part
of this thaesls end this work confirme the opinion that
ragalis obtulned with catacholumine ccntents may not pro-
vide a setlsfactory answer to physiologlaal problems,
fosslbly, this may be due te the lacic of unowladge re-
zerding the raletive proportion »f free activae oatechole
anine or the subcellular distribution of catectivlamine when
thls metihod of approach is used.

It should he manticned slso, that the possirility

sannot he dismissed that other factors which have no

direct rolstlon to oatecholamine mey be partlally or btotelly

involved in these cardiec changaez., Fhysislogleal

]
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readépbatian and nuitritional factors have hean mentionad
vut paraszmpsthetlo actlvlity may alao be another means L;
wnleh Lhe diverse effects could ba chtnlnad,

in concluslon, it wmay he asld tiat although the
wata provide. resgouable evidence that the cardlac storves
of 5§radrana11ne and most provebly adrensline aslso ore roe
duced In hypophysectomized rats, it cannot bhe declded from
thegedata alona that thesse changes are totally rssponaible
ror tte low heart rate ardd hypotenslon onserved in such rats,

In the livers, no important ehange occurred in the
noradrenaline content of this corgan in hypophyazctomized
animaelz, Thls i3 in rccordsnoe with !okfelt's raxults (“1);
Bat, eontrary to our findings tnls worker foundvthst hynaphy-
sectomy insreansed ths adranaline content of livars, This
dimsorepancy betwaea his resulies snd ours, when ihe adrensline
1s consldered is very suggestlve that mathodoloyy =ay be a
sontrituting fector. It 1lm felt that perhsps some substances
other than pdrsnallne may have bsen present 1o Hokfelt's
serples and mey have been detected by his biologleal mathod
Jdged for the detarmination of catecholemine., At any rate,
our results show that the liver adrenallne contsent of
rats was diminished by hypophyscectomy.

This lou adrenaline contsnt may bs of lmportance
with reanrd to the extrore senstlvity of the hypophysectome

t1zed animsla to inaulln ( 200,2671,242,263 )a Heveral
)
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explanatlons were offered to oxplain this reaction. Wall
gt_sl (2¢0) ooncluded from thelr worik that zhe“hypophy-
asoctowized anlmals wers mors senaltlve to the action of
Inaulin asouusé A} the uptake of zlucoss under the influ-

ense of Insulln was reater in hypophysectomlzaed dora than

norrial and 8) the livers of hypophysectorized dogs ware not

a3 affsctive as vormal livers in discharzing glucose In

blood to overcome the hypoglycemla resultlng from Insullo,

wna latter ohservation in turn wmay bs the rasult of deeressnad

sluconeoganesis or decraesedglycogenolysis, ‘vidence for
dgerensedzluconaongenesis is provided by reports showing
greatly dlminiabed nltrogen ezcretlon in fasiing hypophye-
seotomizad dogs (264,265,266 ). On the other band, the
involvemont of adrenaline in the decrosssd glycogenolysls
hag Bean a debated quention, Javerasl workgra claimed that
the nyperzlycemla resultlng from suhcutsneous injectlons
of adrensline wns less in hypophysectomiced rata than in
nornmals ( 2¢7, 268,269 ), dussal and Corl (27) attrinhuted
trhone dlfferences to lack of absorptlion of suhoutansously
administered asdrensline since in thelr hands intravenous
injection d1d not bring any change in the hypsrglycemla

reaponga of hypophyseotomized animel= compared to ncrmals.

‘iowgver, results contrary to those of Huszel and Corl were

ohtained by other workers using perfused liver preparatlons

(272,273,274 ), ‘aptherwmore, da Lodo st al (277 ) were able

et PP




T A e S S C R e T I R e et
R : ; sy el

e

252

to show that the amount of liver zlycogen in hypophysectome
jzed animala was not a limlting factor in the low hypergly-
comle response to adrenslins observed in thesa animals,
Thase authors also showed thet when the anterlor pltultary
was kept intact, normel blood sugar vasponses to adrenaline
werekobtainad. Tha data obtained with the edrensline con-
tent of livers of hypophysectomirzed rats give  additionsl
evicdence thet adrenaline may he oconcernsd in the sansltivity
of hypophysactomized rats to Insulia but in a 2ifferant way
than that propoassd by the abovs mentlonsd workers (da i3odo
ab 8l (277 ). Although an increase in ths relsase of :lucose
from tae liver, as a result of hypoglycemla, may e attri-
nuted to an lncreasse ln the relesse of adrensline Irom the
adranals, this may not necessarily be tha case and the
adrsnals need not participate In this process., lalng Clh
gzlucose de Hodo gt _sl (275) were abls to dewmonatrate thot
administration of zrowth hormone to hypophyscotomized dogs
increused the rate of zlicose raleass from the liver, In

another paper (276 ) 1t was concluded that growth hormone

also enhancad zlucosze rselease from ths liver of hypophysectom-

ized dogs as a result of hypoglycemia induoced by insullne
%o axplanation is given on the mechaniam by whiob thesse
effeobs are brought abhout, Our reasulta show that low

adrsoaline content occours Iin the livers of hypophyssctomized
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rats and thls 1s not llkely to bs due, at leost totally, to
shnormal functioulng ofadrenals since uhen thyroxine or
;rowth kormone 1s aduinistered the veluaes are not siznifl-
eantly different from normal, It is not lmpossible that
locnl raleass of adrensline could ocour Iin the liver and be
raaponsivle for glyoogonolyels and increase 1n blood sugar,
whan the animals are Iin grsat need of zlucose such ps in
hypozlycemin, If tnlas 19 the case, then the lliver of tha
hypophygectomlized rat, wlth 1te low alrenaline content, could
net cope as efficliontly es normal liver in 1ts response to
hypoglycamin asd honce the graet aansitivity of hypophysczotom=-
i1zad rats to insulin, OCGrowth hormone and thyroxine, by
maintaining the proper amounts of sdrenaline in liver, may
then Yo able to correct thie defect, It has hean mentioned
thst ds Todo ot_al (27 ) rsported en inerease in the amount
of glucose releassd by the llvers of hypophysectomized rats
ns a result of (reatment with growth hormone. It would be
intargsting to lnveatigate tha effect of thyroxine on the
Hood sugaer rasponse of bypophyseotomizéd rats to insulin,
Sengitivity to insulin hes glaoc bean chgerved Iin thyroldectom-
{zad animain ( /¢ ) and thyrold fesding could restore normal
responsea to lnjeotions of insulin,

In view of the greatly increassed inasulin sensitlivity

of nypophysectomized enimals which attained 30«60 times that
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obaerved for normal animals ( 27/ ), posaibly both & low
liver adrenaline content and a dsereasad glycogenolyile
affect of adrenalins may caontribute to this sffact In hypoe
physectomized rats., However, the finding of de¢ Nodo 8%t al
(276)vthat growth hormone, deasplie 1ts effect on the release
of zlusose from the liver, does not slleviaste the insennl-
tivity of hypophyassctomized dozae to the hyperglycemic elffect
of mdranaline makes thls latter factor laesa likely to be
{mportant,

It seamsd Lhat tha brain of hyvophysectomized rats
contalinad allirhtly greater amounts of norsdranallins as
compsrad to normal, This affeet was too small to be
statistloally aignificant but 1t was conslatently obaserved.
This rosult is differant than that obtailnad with the other
tiaaues end onoe more places the braln In a difforent cate-
gory. It 1s improbable that this 5-107 incrance has sowme
important physionlogical consequsnces, Thyroxine zgpears to
ba totally responsible for this effect since 1t was no
longer observable after the hypophysectomlzed rats had bsen
glven this hormone., The lowering effact of thyroxine on
the noradrenaline level of brain 1z rather unsxpected on
thhe hasis that tha date presented in the first part of the
axperimantal did not show any difference in the level of
noradrenaline in the brain of hyperthyroid ratas, On the

othar hand, the experimentel conditious wers not the same
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and may sccount for thase differancesa., The greaver affect
of thyroxine on depletlon of noradrensllne wileh was
scoompinied by a lesaer but similar effect of srowth hormons
in braln of hypophysectomized rats not ziven sucrose is
aifftoult to explaine. It may be taken as an indicatlon of
an iﬁdirect unspecific gction of thyroxine. Thua, one could
apeculate that a mstabolle stress ls induced in hypophy-
ssctomized rats by adminlstration of thyroxine and this may
rasult in o greater noradrevaline discharge by the ocentral
nervous system. J[In the ahgenca of sucroas it may be axpsoted
yhat a preater metabollc stress occurs with thyroxins and may
also be extanded to grouwth hormons thus rasulting in a
Zzreater relvase of the catecholamine by brain of hypophy=~
sectomized rats. Of course tolas is only a tentatlvs explan-
ation which does not rely on a very firm basis, 'The absence
of portinsnt work related to thls gubject in zeneral Jlocs
pot permit a frultful comparetive dlascussion of these rasultsa,
In @ general wey, it may be concluded from thlo
work that tha physiologlecal interprsetatlion or signiflcance
of results i 1limited when ona daals with changes 1In cate-
eholamine content of tisaues under various experimentel oon-
dltlons, This L8 not surprising becausa of the llmited
amount of information that can bae obtalned in using thia
method of approach, Howaver, 1t serves the purposse of suzgoent-
inz possible relationablps and thus may encourage further

preassareh along thesa llnes,
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SUNMARY J& HERULDS

Aasterlaks mark claims to original work

;1% 1) To study the effect of hypsrthyroldiam in rats,

. catecholamine contents, monoamine oxidsse activity and
catechol-O-mothyl transfersse activity were measured
ln the llver of oasoh experiwmental and normal rat,
Catecholamine determinatlons wore also made in the
heart and braln of tho same rat,

2) The livaers and hearts of byperthyrold ratas were
hypertrophied acd the hepatic soluble proteins were

r tnorassasd,

&E 3) Hepatle monoonlng oxidase activity wes decreased by
26% in hyperthyrold rets whichn hed not sncountered an
appreclable loss of weipht,

L} Catechol=0Oemathyl tranaferase activity in the liver of

hypertbyrolid rats waa not algnificantly diffsrent from
that of onntrols,

WX
—r

Ho significant changes could bo obaerved in the
E noradrsasline and adrensline content of the heart,
/ 1liver and brain obtained from hyperthyroid rats,

s+ &) The othsr mentioned effecta werae quantitatively the same

;i whether or not the rats were daeprived of vitamin Byae

S s
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The affect of vltamin By, deflclency waa studled on
livor moncsmine oxldass and catecnol=O-methyl trange
farass actlvitlies and nlaé on the catecholaning content
of the liver, heart and brain, o affect of vitemin
By12 deficlenoy could be noted on the liver catecholeOe
methyl transferese activity or on the catecholamine
oontent of ths liver, heart and brain,

Vitamin by, deflolency lnoreased the activity of
ronoamine oxidsse In the livar of hyperthyrold or normal

rats,

In vitro, vitamin Eyp bad no effect on monoamine oxidase
activity,

in vitro also, vitemln fiys or matbylcobalamln had no
affect on catechol=O=maethyl transferass actlvity,

In normsl anlimala, the norsdrenalins and adrenaline
content per heart was csonstant snd 4id not depend on

the size of tha nears,

There was a sllizht daependamse of the noradrensline content

per liver on the slze of liver but the hepatic adrenaline
tild not seem to vary with the size of this organ.

The noradrenaline and adrenaline concaenirations of both
the livar and heart were greater ln small size organs but

were lower in heavier organs,
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The body welzht,absolute liver and hsart weizhts wore
decreased in hypophysectomized rats dbut only the
relative welghts of the heert, adrenals and tsates were
slgniticantly reduced,

Thyrozine cauged hypertropny of both the liver asnd heart

and bad no effect on the bYody weight of hypophyasctomized

rats,

drowth hormons had & general eoffect on srowth and
stirmlated llvor and haart woight %o the same oxtant 1t
incrsased body welght,

Tne heart rete of hypophysectomized rats was rsduced by

sbout 30%, elght waeks after the operation.

Thyroxine lnoreascd the heart rate of hypophyseotowlized
rats to normael in one serles of aexporiments but could
not d2 so in the seriss where all rats were glven 5%
sucross a8 drinking rluié,

The noradrenalline contant and probably the adrenaline
contant of hearts of hypophyssotomizaed rats wereraduced,
Io the cnse of noradrenalineg the f4ll extended Lo 28%,
Thyroxine did not restore this deorsaze in myocardial
noradrenaline stores completely to normal snd growth
hormone appesared to have a similar effect,

No synerglam could be conaistently obtained with both
hormones in sither body welsht, organ weight or

cstscholamine content of any tissue,

e
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#+ 22) The liver of hypophysectomized rats contained less
adrensline than normal Llvers and thls decrease
amounted to an average of G0¥%,

E% 2 23) With thyroxine or growth hormone sdministratinm the

liver adrenaline content of hypophysectomized rats is

not gigniflcautly different from normal.

b Thers was a tendonoy for braln noradrenaline to be
; slightly hlzb in hypopbysectomired rats end this

% increase could be corrected by adminlstration of

? thyroxlne,

i # 29) Vhyroxine adminlatration to hypopbysectomlzed rats
desresgsd the braln noradrsnnline to lavels which wers
Lelow normal and thils eoffect was wore promlinent in

rats not ziven 5% sucrose es drinking fluld,
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