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IHTRODUCTION

One of the most extensively studied of all metabolie diseases is
diabetes mellitus. Although the etiology of this disease is not Imown, it
is believed to be due to one or more of the following factors: excessive
sction of the anterior pitulitary, overstimiletion of the adrenal cortex,
an inadequate sction of insulin resulting from 2 decrecsed mmber of beta
eells in the pancreas, a decreased preduction of insulin by the bota cells,
an insctivation of ingulin in the body, an excess insulin exerotion, or a
lack of resnonse of the cells to ins:zlini.

Prom a cliniecal stendpoint, disbetes is churacterized by an initial
disbetlic syndroms of hyperglycemia and glucosuris, followed by a linid éyn—-
drome of hyperlipemis, ketonemis, and hypercholestoremis. It is the con-
eapt of many physiciang that, regardless of ape, overy diabetic is a po-
tential atherosclerctic patient.

While experimental disbotes does not similate the human discase in
avery aspoet, it hes served azs a tool %o aid in the search for biochamieal
defocts in the humen disease. From a bioshemieal stendpoint, disbetes is
thought to involve s lesion in the initial steges of glucose utilization.
Some inveatigatcrsx’ ? attribute the deercased glucose ubtilimation to en
interference of transfor of glucose through the cell membrane, wheress
othar;’ %6 pregent evidence to indieate a lesion at the stage of the phos~

pvhorylation of glucose.



Glucose is phosphorylated sg Lollous:

Y5
glucoge + ATP D > glucose-6-POy + ADP

In the liver, there exisis sn sctive phosphatese enzyme which removez the

phosphate grouping from glucose-6-P0, to reform free glucose.

glucose-6-p0, -Aucose~b-phosphaleses glucose + PO,
Thus & lesion may involve an Interforence in the hexelkinsse phosphoryla-
tion or an incrcased sctivity of gln@osa-é-phbspmtaaﬁ?; in either cose
less than normal emounts of glucose-6-PO, becoms avmilable for metaboliem.

As o vesult of this corhohydrate lesion, fatiy acid synthesis from
scety?l coenzyme 4 is depressed, 2nd fob is mobilized to the liver to be
eotabolized at a rapld rate, rosulting in the fomation of groater amounts
of ketone bodies. The sdministration of insulin can usuelly correct the
disturbed corbohydrate and fab meteholiem and also overcomo the ketosis 1f
adequate amownts of carbohydrate are precent.

The acetion of insulin heg boen extensively studied. A review of this
subject by K:-am.a pites the following sctions of inmsulin. The immediate
eftacts of insulin ares o stimulatien of glucoge uptske and glycogen syn~
thesis 1n rmscle, stimulation of peptide synthosis in the mscle of the
fagtine rat vhen glucose ie edded fo the extracelluler mediwn, ctlmuletion
of fatty scid syntheeis in liver glices from fod nommel rate when glucose
is added %o the extracellular mediun, and s‘aimlation of phogphate turnover
in musele and liver. The delayed effocts of insulin are concermed with the
repeiving of tissues of disbetic animels. They ere: a resboration of op-

tinal glucose uptoke in musele and liver, induction of maximal neptide



syathesis in muscle and livor, restoration of optimal febtyr acid gmbthesis
from scetnle or nyrwate in the liver, and suppression of glucose-G~-phos-

phatase activity in the Iiver.

The investlgation reported in this thesls is concerned with the syn-
thesis and tumover of lipids in the digbetic rat. It is believed that
this study nrovides an increased wnderstending of the digburbance of fat
netobolism associated with dlebotes.

While it 4s mostly agroed that e depremsed fatly acid aynthesis exists
in the disbhetic, the subject of cholestorogenesis in the disbetic is con-
troversiel. Complete studies on the turnover of both fatty acids and
eholesterol in the disbetic have not been previously published.

By using amt:‘wmlasm ag o tracer snd mﬁiaasm:ging the igolated
linids, we have gathoved data related to 14ndid gynthesis. The rate of
digappesrence of laboled cholesterel and falty acids eftor their initial
gynthesis from radicscetate provided information on the burnover of lipids.

Tolal earbon diowide output and specific activitles of the 61403 exiog
pired wvere mengured to determine the ebility of the diabetic %o oxidiwe
acetate and to ngcertain the mepitude of acetate setivation by the animal.
4 comparison wia also made in the present studies between the alloman
disbetic and the pancreatectomized rat, since Peterson, Beatly, Bocel, end
E@sﬁg and Thorogood and Zi:rmarmnw found certalin metabolic differences to
exigt betwoen these two preparations.

The following section is devoted to a historleal review of some im-
portant phoses of 1inid metabolimm to eid in an appreciation of the sig-



nificance of this study. Experimental dicbetes is first dlscussed,fol-
lowed by a dlsougsion of the threo aspects of avetate mevtabolim, nenely,
oxidetion, fabty acid gynthesis, and cholesteroel symthesis, and concluded
by a diasertation on the Wwmover of linlds.
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I. ISTORICAL RACKGROMD

EXFERDMUNTAL DIABITOS

Exporimontal diabetes may be produced by the administrotion of re~
peated large doses of anterior plitultary extracts, by pancrestectomy, and
by the adminisgtration of alloxean. The last two methods ave deseribed in

detall belov.

Panereatoctony
The relation of the pancreas to diabetes ws egbablished in 1890 by

Von Meriag end nkowski who produced disbetes mellitus in dogs by total

panercatoctony.

While total panereateciony can bo perfomed in some species of
mimﬁls, it poses a surgical problen in the rot due to the diffuse dis-
tribution of the pancrectic tlssue in the mesentory.

The oneet of dizbotes is believed to be dependent wpon the smount of
panerens mmwsc%.”, With the removel of 90:’ of the panecreag, the onseb of
diabetes is gix months; with 957 pancroatectomy, it is from one to three
monthg; and xﬁth a pancreatectomy of over é;jji, 1t requires only o few days
for the development of disbeles. Sccwu recently reported the successful
removal of 99;5;5 of the pancress of rots. Within 18 hours these animals
beeame hyperglycenie, had glucoguria and fatty livers, and intracellular
fat was found in the ronel btubules. These animals were not able to live

more than 48 hours without the sdminigbrotion of insulin.
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e ¢ne of onset of dlebobss oon 8les be modifled by mitritional feo-
tora. *‘H.tﬂa fat dlote and high calorie intale accolermte, uhoroag o pro-
tein diet delays, the omeet of dlabetos. & pox difforonce hos boes frmd
in the incidence of dlsbetes in mubtotally ancreatectomlised yeds o, for
the ineidenen of dlabatee in males we found to bo 90F and in fenalon,

15,

Aldosrn Blotpton

To 1943 Dunn, Sheohan end Molotehle  demsnstauted histolsgleally
that, in rebbits, allewen is copable of nrodueing a soloctiwe noowoois of
the 1plebs of langorhans, deonging the heta ocolle without injuring the
alrha colla or thw soiney oolle of the pencroas. fih:mw later pyoduced
pormanent dicbotep in rota with & suboulencous injectlon of allowen,.
Pollowing theve eperiments, other lnvestipatsrs bave found allomen o be
sapable of producing pommamont diabetes in the momkey, pigeon, turtle, and
pthor species of animala,

Aleten ip the wwide of mosmmlic aold and hos the followlng chem-

ionl structure, which is very similer to that of wrle seld.
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Alloxen is o very veactive compound snd can act both s a strong reducing
and & strong oxidizing agenty 1t dlssolves readily in water and is usually
edninistered in squeous solution.

Since alloxan iz algo o general tlssue poison, it is important to
regulate the dosage given to an animel for the production of dlebetos.
large doses ean produce nacrosis of the renal tubules and frequent texde
deaths, while smeller doses produce only trensitory hyperglycemia and glu-
cosuria, which do not regult in pormsnent disbetes. While the dossge is
eritical, the route of administrotion, the fasting period prior to in-
jection, and the sox of the enimal all may be contributing factors to the
developwent of the disense.

Since elloxan is rapidly destroyed in the body, it is more effective
given intravenously than orally or by mesns of other parenteral routesy
hovever, the intravenous method ig not & comwn route of administration.
We have found intremmuscular injections to be satisfactory.

Base  lag fomsd that a fasting pesiod of 48 %5 40 hotive Defore’ subs
cuteneous injection of allexmn makes the animel more suseentible to alloxan.
On the other hand, S‘tuz"%cvantw attributes the hiph mortality rates of
alloxen disbetic rets to the trauma caused by this fasting period. HMs
method of production of diabetes invelves a postprandial injection of al-
leomn. Beach g &l 3'@ demongbrated thet femsle albino rets marevf‘requantly
develop severe disbetes than do malee whon given alloxen subeutaneously.

The mechanien by which alloxen injures the beta cells is still unex-
plained. The regponse of animels %o alloxan has been observed to bo a tri-

phasic roaction of an immediate hyperglyceenia lasting for an hour efter
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injection, severe hymoglycenia lesting epprosdmetely 24 howrs, then finally
the development of chronie hyperglyecemia. Hany mechanigms have been pro-
poged to explain this phensmenon, Beiley and Bsaileyw postlated that the
hypoglyeenia moy bs due to the destruction of the islote and libovetion of
an excoss amount of insulin. Aeccording to Zmussay%, the initial hypor-
glycamia i attributed to the direst cction of alloxon on the liver, since
ext intact liver wae found to bo essential Tor this response. The hypogly-
coniz may be due to extrspanercatic influences, probably a decreased pro-
duction of glucose by the liver, while the final lyverglycomia may be due
neinly to the destruction of the beta colls of the iclets. Bradshaw gt
g}jg' recently reported o significant decrsase of the initlal hypergly-
cenda and the intermediste hypuglycerda in the Wistar rot vhich was given
alloomn afber partial pancrestectomy, implying that the pancreas is in-
volved in the immediste effecis of elloxan.
Alloxan provides a valueble aid in the ztudy of the pathology and
phyaiclogy of diabetes, bubt it ls Important to bear in mind the slmilari-
tiog and difforences betweon allomxan dlabotes and the hunen disease. Both
are sinllar in the following map@a%ma
1. hyperglycenia and glucosurie
2, insulin defliciency
3. conditlion modified by dlet and ingulin
4. etomplications such as eatorsct moy ocour
5+ hyperlipemia occurs in severe cases.

The difforences boeluween the twe conditions ave:

1. ketosls -~ not an ordinary feature of alloxen diabetosg



2. alteration of bote cellg -~ alloxen disbotes results in fow
beta ecells, while a lesion of bete eells iz not olwoys
demonotrated in the mmen dlgease.

Although both alloxan administration and penecrssteoctomy cun produce
permanent dlsbebes in rabs, it is interesting to note that there exlst
sorme motabolic differences botwaen these two pmpamtions?’ m. Alloxen
diabetics have a more sewere glycosuria and o greater insulin requirement.
They live much longer without ineulin and meintalsn exeellent health for a
long period of time es compared to the pancreatectomized animalse They
do not develop as severe a ketosic and £ail to go into dlabetic coma.
With alloxon snimals, fomales ave more suscoptible to c’z‘z‘.awﬁe:; g, uhereas
in pancroctectomized animals, males have & higher incidence of the dis-

13
Ons of the objectives of this thosisg is to uncover any differences in

lipid motaboliam that may exist in these two diabetic preparationa.

ACETATE METADOLISH

One of the most importent metabolites in intermediary metabolism is
the acetato molecule, particulerly es it exists in its sctivated state,
acotyl coenzyme A. Acetyl-Col moy be derived from carbolydrete, {at, or
protein motabolism. Three of the important fatesg of thisg molocule are:

1. oxidation wia the tricorboxylic aeld cycle to carbon dioxide,
2. utilization for fotly acld synthesis, and
3. utilization for cholesterol synthesis.

A digecusgion of ench of these metabolic pathways follous.
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Acotate Oxidetion

Aeotato oxddation mey be studied by adminlstering labuled acetate to
en animal and analysing the rote of eneretion of Gmaza Uzing thls method
of shudy, {}cmldas Pound that the intact aninel oxi izes & congidernble
emount of the administerod acetate to earbon dloxide at o very rapid vate.
Similer findings have boen demonstrated in the eviscerated mﬁmlgé, ag
well as in in vitro systens with (liaphmmai has.rt.%, and limrgn

The gbility of the diabetic animal to sxdidize acetate is of current
interests Since there is ovidence of a decreased utilization of carbo-
hydrate, o decreased synthesis of fatty aclds, ond an incroased catabolism
of fats, the diabetic hos boen postulated to have a greater than normal
sbundence of acetyl coenzyme A, the chief fates of wiich could be oxida-
tdon or ketone body formation. Many in vitro studiecs on the oxidation of
acetate in the diabetic are reported in the litersture. Cherick and
x’;haikai‘fﬁ found normel rates of oxidation of acetade in the dlshetic rat
liver slices and propose an integrity of the triecarboxylic aecld cycio en-
Zyme systeme In the disbetic. On the other hend, Villee and Hastingsaﬁ
suggested an interference in the condensetion of acctate with oxnlacetsto
in the tricerboxylic seid cycle from their finding of o decreased conver-
sion of labeled acetete to leboled carbon dioxide in the diaphragm muscle
of the digbetie rat.

Studies on the oxidation of acetete in the intact dlsbetie animal are
Linited. Haxper®? g1 o normal rate of acetate utilization in the con-
trolled deponcreatiszed dog end & ono-thind decroased utiliszation in the

wmeontrolled enimal. In a study using one alloxen disbetle animal,
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28 ‘ 14
Tolbert  observed 2 @mnll voduction of C Oy output and concluded thet no
large difference exists “etween the normal and dlabotic in their sbility

14 14
+to adldirze &c@mm“n"ﬁ o O G‘gv

Synthesis of Fatly feids

During the last twonty years, therc has been prest progress in the
field of fat motebolign due lavgely to the enlighitening resecrch of meny
woriers. Prcsminx;nt aanng these ore Ieloir and Eflitmaa%, Iﬁinﬁn@ar’o’ ”’”,
Limmm’a, Xgnen”, Qcimag, and Greazfx’ﬁ, Becaupe of this work the meta-
boliec gleps end enzyme gystoms involwved in the gmthesis and oxidabion of
Patty acide are now seemingly well esteblished. The stepvise motobolism
of a four carbon chain 2aid is glven below to 1llusirate prosecnt concepts.
{Page 12.) The systometic names of the enzymes as agreed upon by a commit-
tee of participentes at the Sccond Intermetional Gonference of Biochemical
Problems In Lipid Metabolism held in Belgimm are also giwnﬂ.

Current interout in the field of fot metobolisn concerns the intra-
gelluler sites of oxidetion ond gmthesis and the cofactors involved in
gynthesic,.

While fetly acid oxddation is known to occur in the mi‘t;ochomr:{a”,
it hos recontly been proposed thot the gmihesis process ocours at a
geparate intracellular site. By soparabting liver colls into mitochondrie,
mierogome, and soluble supernatent fractions, Lzmgdon” found fotby eeld
gymthesis from acetete to bo most effizient in the soluble cyltoplasmic {rae-
tion and concluded that fabty scld gymthesls ccours exelusively in the
extramitochondrial portion of the liver cell.



BEACTION CAT ILYZID
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40 '
Brady |Tbelieves fatiy acld gynthesis to be derendent upon the

aetivities of TMIH, alter observing thot citwvete con stimmlate fatty ncid

synthesis 1n the weter soluble enmyne preparstions of pigeon liver.

Citrate is belleved Yo genorate TPUH with the aid of isceitrcte delhwydro-

genase in the tricarboxylic ccid eyecle.

41
In lLongdon? s Ciodings  using ret liver, crotonyl Coi was found o

oxldize TPNH but not DPNH, suggesting theb the snecific fumction of TEWI
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is to reduce wmesturnted coenzyme A esters. Thus the step between crotonyl
Cod and butyric neid wms found to be TN denendent. Uhether this redue-
tion is eatalrzed by o singlo enzyme or by o reductass which can transfer
electrons from TP to the enayne systen, fatiy acyl dehydrogonase, i at
present not Imown.

This finding of e apparent nced of both THIH and DPNH is not sup-
poried Yy .?apja}s“ who recently ﬁ@nonatmieﬁ that the mammery rland ean
use DFIH in both reductive sbtens of fatty acid synthescis., Possibilities
suggesied to explain the differences of findings ore that the nammery
gland differs from the liver in its nucleotide requirement or that the
namary glend possesses transhydrogenase setivity.

That TPHH 1s required as o specifle donor for fatiy acid gynthesis
nay explain some of the factors controlling the rate of fatly oeld om-
thesis in certain biologic stotes. In conditions of a decreased rate of
TPUH production or an increased rete of TPNI utilization, there noy cecowr
a decreaged rate of fatly acid gmtibhesis with 1ittle change in fatity acid
oxidation. Conditions guch as these nay operste in the disease of di-
ebetes. |

In 3,%!; Stetten ond B<;:*z:»sa::r'd{'3 using deuterium oxide as a tracer in a
disbetic rat found a great decroase in foitdy acld gynthesig. They gave
evidence to show that the loss of depot £t in the disbetic was due 4o the
decreased synthegis of fatly acids from glucose and also that glucosuris
wee the result of this decrensed utilization of gluecose.

In 19;6 Brudy and 1&‘;?-4:1:'12.{M ugdng GM acetate as 8 tracer aga:m denon-
strated an impsirment of fotty aecid synthesis in liver slices of the



elloxan diebetic ret and sigo in the depancreatized cabs.

In the intact animal, Van Bmggen“ demanstmtea im*i; only & gimilar
decrecged incornoration of agetate inte fatty acids of the dlabetie but
slso e decressed concentration of fatty ecids in the carcass, skin, and
gut, but some increese in concentration in the liver.

Al though Izeno.?ﬁ% found that insulin doee not repeir the delective
lipogenecis in the liver glics, it has been found that vhen insulin is
adninistered to the dishstic animel before sacrifice it could restore glu-
cope and pyruvote oxidatlion to nc;mlw’ 4%:%' Howmal lipogenesis thue ap-
pears to be dependent upon normel carbohydrate metabolimn.

The mechanign by which carbohydrate mambalis«s;z eontrols lipogenesis
in the disbetic was firet elucidated by Shaw ¢i 3’%:‘? who locsted the
dishetic block to be alt some point before the invelvement of bubyryl Col.
They observed thst the supernatent fraction of the diasbetic liver can not
convert nyruvate, the precursor of scetate, to fatly acid unlees the
livor supernatant of a normael animal or bubyryl Col is added. Thus bu-
tyryl Cod is able to replace the normal supernatent fraction, suggesting
that the supernstant of the diabetic probebly lacks necossary cofactors
for fotty scid gmbthesis.

The recent work of Sipermminm supports o proposed mechaniem by
vhich glyéblysig contyrols fobly acid gynthesis. Because this study em~
‘braces many of the feectore discussged, 1t is describod in some detail.

Glucose can be metoboliczed via two roubes, the ¢lazsicel Bubden Meyer-
hof pathwsy or the more recently described ha::csemnophdéph&ta patlznw”g
These two pethumys of glucose metebolisn ere depicted in the following

aschome.
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To determine which ol the nathweys of glucose metabolism iz respons-
ible for the effects upon lipid synthesls in the normal ond disbetis,
Biperstein measured the rate of lipid synthesis from mcetate under the
influence of each of these pethways. His research approach wus based upon
the {inding thet the Embden Meyerhol pathwey is enhanced by the addition
of DFN, wile oxddetion via the hexosemonophogphste chnmt is stimilated
by Tmﬁg’ ”. Hlgs systen consisted of normel and disbetic rat liver cell-
free homogenate and glucose-&-phosphate, the internedinte common to both
pathvaye. It wos found in the dlebetic that, while the stimmlation of the
Enbden Meyerhof pathwey ineressed fotty melid gynthegis slightly, stimulas-
tion of the hexosenmonophogphate pathwny caused s two bundred fold increase.

To explain this phenomenon, one is reminded of the finding that in
the liver of the allowom disbotic vat there is & decreased activity of the
engzymos of the hexwgemonophosphate pathwey, nemely, glucose~b-phosphate
dehydropenacse and G-phosphoglueonic ﬁehy&m;ﬁme% and also an inoroased
activity of hepntie glumse~6-nh0c3§)hamae7, sugpresting difficulty of
motabolian vla the hewosenonophosphate shunt. Since this pethwmy is an
immortent source of TPHH in the body, it scenms reascnable to assume that a
decreased use of the hexosomonophosphate pathwey leads to 2 decreased
availahility of TPHH for fatty acid gymthesisz. The elternate TPNH generat-
ing gystem, isocitrete snd TPH, wos also found {o be able to correct de-
pressed lipogenesis in the diabetie liver alicsﬁ N

In sumary, ohe of the current concepts for the depressed lipid aym-
thesle seen in the diabetic igs firet, there is deeressed metabolisn via

the hewxpsemonophosphate patlvmy, thus resulting in & deficlency of TPNN;



and gecond, the primery hlock in fobbty seld smthesis ic ot the gite of
action of TPIH, the stoy of reduction of crotonyl Cod to butyryl Cok.
Thece findings may also serve es & partisl explanation of the acouwms-

lation of ketone bodies in the intoet disbetic rat.

Synthesls of Cholesterol

The first evidence presented to show that acotabe eould be converted
to oholesterol by animals wes obtained by Bloch and Rittemberg ’ . in
1942. Mice and rate ingesting deutericacstate were found o produce
deuteriocholestercl. It 1z now clearly established that sootate is the
fundemental building block of the cholesterol molecule.

While it hes been pgenerally secepted that the liver is the chief site
of cholegterol formation, zecent work showed thet, excepting for the
mature nerve ee?.l”, every tissue is capable of cholesterol synthesis
from acelate and nlso that cholecterol can be destroyed by most tissucs.
Thue in vitro studles of Sreve gi v@fe heve ghown conversion of acetate to
cholesterol to occur in the liver, sdrenal, kidney, testis, sall intes-
tine, and skin. Popjok and hie mmrkars”’ g have showm that choleg-
torol gynthesls ocours in the mammayy glends and the ovarles, and that
fetal tiseues are able to synthesise thelr oun clolegterol from scetate.

Studies on the imbtracellular gites of synthesls of cholestorel in-
clude the suecessful fractionstion of rat liver homopenates into a water
soluble enzymic gystem capable of incorporating GH seatate into choles-
wmlmn Buchexr et &?z, upon aerobieslly incubating the mitochondrial,

mierosomal, and soluble suparmntont fractions of rot liver, denonstrated



i
Sort

each of these fractions Lo be inmetive in the conversion of acotsie to
cholegterol, When these fractions wers recorbhined in pairs, only the
nlerosome plus soluble supernatant fractions together exhibited aotivity.
Although the prosence of mitochondrls inereased the amount of acetate be-
ing converted to cholestercl, the fimetion of mitochondria was speculated
to be meintainence of optimal pHs
The mechanizm of cholestorol blogynthesis hos involved muech experimen-

tation, but there is still no completely adequete oroof o explein how the
body bullds acetate molecules into guch a complex molscule as cholesterol.
 Synthesls of cholesterol is, however, thought to ocour in fouwr
; 63
stages

1. Fommetlon of laonrencid unite from acotate.

2. Condensation of six isonrencld wnits to squnlene,

3. Cyclimation of soualens, a sterol preeursor, possibly to

1&031}91&02%.

A« Transformation of sherol precursor to chwlesterol.
P

The dlsposition of mothyl and carboiyl carbons of acetate in the
chologierol molecule hes been shudied mosily in two laboratories, Bloek’sg
at Farvord in this cmmﬁryﬁs’ o and Popjak?s at Hemmersmith in
Eaglandm’ £8,69,70,71

synthesized fron gcetate is now Imown. OCarbon mumbers 1, 3, 5, 7, 9, 13,

» The origin of all 27 earbong of cholesterol bio~

15, 17, 18, 19, 21, 24, 26, and 27 originate from the methyl carbon, while
carbon mmbers 2, 4, 6, &, 10, 11, 12, 14, 16, 20, 23, and 25 are from the

carboxyl carbon.
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The Dumetlons of cholestorol in the hody are manifold, altheugh prac-
tleally no eholesterol is oxidizmed to earbon dioxide for energy. Cholog-
terol Torme steroid hommones, bile seids, ond bile salbs, and msy pertici-
pate In immmological and detoxilication reschions. Plasme eholestorol
irangports noutral fat via the Lipoprotein molecules, and it may also bo
related Lo atherosclorogis.

The blogynthesls of cholesterol may be affected by factors such ag
age, nuiritional sitate, and homones. Cholesterol wos found to be am-
thesized most rapidly in young zmimlsw. The fasting of a rat hes been
found %o result in a depressed hepatic e}wlastemgamsi;s. This labora~
tory has found that the tlssues, cercass, skin, gut and Iiver all ghow de-
ereased cholesterogenesis from acotate upon fastingm.

Cholestercl feoding also causes decreased symthesis of cholesterol.
Tissues from dogs and rebbite maintoined on high cholesterel dieots for six
weeks were found o have supprossed hepatic cholesterol synthesis. In yivo
studies gove eirdlar maulﬂgw’ %. The feeding of cholestercl-like sub-
shtances, squalene, A -7 cholestenol, and 7-dehydrocholestarol were also
found to decresse ehalesteml synthesisw. This decrease wmz accompanied
by a gigifieant inecrease in total liver cholestercl.

The finding that a deficliency of panthothenic aeid limits cholestero~
penesgis wag attributed to a lack of coenzyme 4, since pantothenic acid is
a gtructurel wnit of coenzyme &« In pantothenic acid deficlent rets, ad-
renal cholesterol was found to be depressed’, as also was liver cholos-
‘bemlv‘@. In the latter vork, Klein and Lipmamn ghowed that decressed

pentothenate resultes in decrease’ coonzyme A levels and decressed



cholesterol synthesis.

Deranged endlocrine stotes are believed to influence cholesterol syn-
thesis. The rate of incornoration éﬁ tritinn from body water into
cholesterel wee found to be pgreater than normal in the hyperthyroid rat
and below normel in the hypothyroid mtm’ m« In the hynophyseetonized
rob, hepotic cholecterogencolis was fomnd to bo decrensed by Tomking and
Glm:’a%&off&x, ut no change wes found if an adequote corbohydrate diet was
fod to these smiwzl‘.sgz. The effects of pancreatectomy and disbetes on the
blogynthesis of cholaghorol is pertinent to this thesis and is thus die-
cugsed in gome dotoil.

Although ingulin ig Imown to be egsential in the gymthesis of fatiy |
acids from acatete, its necessity in the synbthesis of cholesterol from
acebate has not been Pully aszsessed.

Brady and Gﬂrin“ Pound cholesterogenesis of the liver of the allox-
an dishetic rat and depancreatized cat to be unimpaired. In the severely
diabetic an inhiblitlon of synthesis wms observed. Van Brugganw o=
Pirmed this findine in the intact animsl and chowed that, in ths intect
aninal, Sissues other than the liver are also affected. Siparstain”
reporied no difference in cliolesterol synthesis in the normal and
Mebstic ret liver glice, although productlon of cholesterol was found o
be devendent won the route of carbohydrate metebolliem. Stimulation of
the hexosemonophosphate pothwoy esused a grest incrcase in synthesis

{labelling) of this sterol es eompaved to the stimulation of the Enbden

Hoyerhof pethway.
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Hotte and Ghﬁié—:c}fi‘M in 'l;mir study of the disbetic liver found en in-
erease of neetote conversion to cholestercl which eould dbe decrensod to
normal by a dlet of fmctasesg. I% wme postulnted by these iavestigntors
that the restoration of glyeolytic setivity in the diabutic liver, in-
duced by fructose, caused 2 shift of motaboliem of the 0-2 fragnente from
a pathvey of cholestersl synthesis to other pathueys such ag lipogencaig.

Alm% in a study of perfused rat liver found thot cortisone and
insulin gymerpisticelly effect Tatty acid gyathesis but do not slter
cholestarcl synthesis, indieating en imlependeﬁce of the processes of
cholesterol synthesis and futty neid synbhesis.
| lookerjee and Sadlm" fod excess pantothenate to disbetic rats be-
fore determining thelr linid content., The pantothenste was found to in-
eroase the cholestorol conmeentration of the blood, liver, and adrenals.
It woe their belief that adequate emounts of pantothenate can gulde the

motebolisn of ccotoscotate townrd inercesed synthesis of cholcstorol.

TURROVER OF LIPIDS

The atudy of metabolie turnover rates can indeed be a very complex
subject ag ig evidonced by the highly mthemﬁical and theoretical surveys
of thig subject by Re:lner%’ 2 and Sxa’ranshallgo end a somevhat more simpli-
fied troatise by Ekmsellm .

Although doubt is enst by some mvestig;ammﬁ on the validity of
meaguremente of tumnover rates by tracer methods, these mothods are still
of groat use in the study of dymanic anspects of metabolign. The usefulnoss

of tracers may be due o the fact thet they can be used wnder conditiens
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shich do not elter the steady state of an snimel.

In this paper, twrnover of linids i1z evnluated in terms of half-life.
o2

In the classical work of Schonheimer  there wns nresonted the coneept of
a dynamle state of body constituonts. CGell componente are in o continued
state of degradation and regymthesis. MHelf-life represonts the time re-
plred Tor one-helf of any component to be replased. In one procedure
used to determine helf-life, o labelled precurser is administered o a
group of anlmals, the animels are killed at various intervals, and the
component is isolated and redicescoyed. Beenuse of the econsiant build wp
and breckdown, a steady decresse in leotope concentrotion with time is
observed, mad the time required for one-half of the isotope to disappesr

is defined as the half-life. In this mellod, thers is assumed 2 homo-

n

geneity of nixing and a honogeneity of the mauner in whish ths labelled
material breake down.

The turnover of linlds hne been studied by a nunber of investigators
and a vide voriety of results are reported, This should not be surprising
in viev of the fact that twrmover rates may be dependent upon many factors
-- amdmal gpecies, age, mutritional factors, ste. Thms no atiewt ig made
to review all of the work remorted on the turnover of linids, but a fow
represontative studies are presonted instead.

The turnover of fotiy aeids in the rat 1s first considered. 10 an at-
~ temrt to keop the vedicaceiate pool rolabtively constant, Pihl, Block, and
m:!.:arga fed radioacetate and a2 fot frec dlet to raiz over 2 peried of time

end found the following half-lives for fatiy acids in the various tissues:
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HALF-LIVE OF SATURATED HALP-LIFE OF MISATUR: 7D
TISSUE FATTY ACIDS ___FATTY ACIDS
Carcass 16 ~ 17 days 19 - 20 deys
Ldver 1 day 2 days

9%
Hutchens, Van Bruggen, and West obteined aimilar yesults using &
single intraperitonesl injection of radioacctate. These are the rosults

they renarted:

P o 651
Total Body 12.6 days
Carcess 16.8 days
Tdver 2.3 days

Other studies have shown a helf-life of 14.9 days for total body fat
in & 150 grom rat ~ and a half-life of 18 days in the slover growing older
m‘é%;

It is the contention of some investigntors thet the use of deuteriwm
and tritium tracers could betler mirror the phenomenon of turnover of
fatty acids In the body by insuving o constant supply of labelod gmall
molecules, that is, in this case, wmter. However, other investipgntors
feel that the interpretation of such resulits would be complieated by the
greater posaibility of isotopic exchange reactions, and that these may ac-
count for the somevhal alower turnover retes reported for the deuterium

and tritium trecer studles. A DL0 study by Stetten and Bomrgh? ghowed a

half-13i%e of 1.9 daye for tolal fatty acids of the liver. Using tritiunm
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, , 98
2s a trocer, Thormeon end Bellou  observed that the rujority of body

1ipids, ineluding two-thirde of both saturzted and unseture fets, had

helf-1ives of 70 days or longer. Thoy postulated from these observations

2

e predominontly non-dymenie stete of body constituvents in the i,
Reports on the tumower of cholestersl in the rat are chmdant snd
fiscordant. Typical studies were dono by groups of investigators, as Pihl,

A A

23 94
Bloch, ond Anker ; Hubehens, Van Bruggen, and West ; and london and

99 .
Greonbers .« They reporied hell-liver Tor cholestersl in the warisus

tistues of the rotes sg surmarized belows

% _OF CHOLISTIROL

INVESTICATOR

| HUTCHENS, TATDOR
- PIAL, BLOGH, VAN BRUGGEN, AND
TISSUR AHD ATURER AlD WRST sRELIRERG
Total Body -m 5.8 days —
Carcass 31-32 days 12 days -
Iiver 6 days 2 days 1.2 days

Idver chologterel is thowsht % he symonymous with plasma cholestoercl
by some investigators, sinee plosme cholesterel is believed to be derived
from the liver only. If esueh were the case, there is indecd 2 wide range
of half-lives interncloted for plama cholestorel, as ls eﬁdéneeﬁ by the
above velues of 1,2 to 6 days.

The fin@ingsﬁs of the different rates of cholosterol symithesis in the

various types of cells and tissues, and the postulation of an influence of



speclflic proteing on the mobiliration of cholestersl between colls and
body fiuid, ell may be factors affoeting the &lfferences renorted on turn-
over rotes of cholestorel. In nddition, these Aifferences of resulis noy
2leo be abbribubted to the differont smecies of animals used, and to the
different condltions of experimentotion amployed by the various investi-
gators.

In our studies of lipid turnover, we have otterpted %o nminimize the
meny possible voriables hy keeping relatively constent the nutritiensl
stetus, specles, age, welpht, end scbivity of the various proups of ani-

mals during experimentation.



II. EXPERTMENTAL

MATERIALS

&cegteal-ﬂu .

Semimicro quantities of labeled scotate were gymthesized from Baﬁw%
by the carbonstion of the Grignard reagent, methyl magnesium iadieiawﬁ.
The acetats gymthesized wes diluted so that ome milliliter contained ap-
proximately 1,'96 nicromoles of acetate in preparation Nos. 400 and 401, and
10+5 micromoles in Wos, 200 and 201, The vadicactivity in ecach milliliter
amounted to 533 micmcaries, or 5&.2 x mﬁ’ ecounds per minute, when assaved
as follows: eccotate was oxidized to carbon dloxide using potassium persul-
fate as the oxidizing apent; the earbon dlowdde wes absorbad in sodiwm
hydroxide and precipitated as BaC04, 4 contrifugation t‘.ad.'ehniiqv,n:rmi wg
used to prepars an infinitely thiek BaCOy plate, which wae counted under o
D-47 mioromil window gas Tlow counter equipped with an sutomatic semple
ghenpger and & Nuelear 183 scalor. This counter has en efficiency {counts/

digintarrations) of J.:?Sjﬂj% when counting infinitely thick Bal0y samples.
,63;;)

Alloxen lnohydrate

Commoreial alloxsn momohydrate wes purified by a modificetion of a
previously deseribod method + Twenty grams of allomn were dissolved in
20 ml. of water and heated on a steem bath with s pinch of chareoal,
While hot, this solution wes filtered through e hot gintered ploss fumel
into 225 ml. of glacial acetic mcid. After cooling overnight in a refrig-
erstor, the crystels were filtered, washed with ether, and desiceated over
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faOM. The colorless crystals decomposed et 170 C., the theoretical melie

in% 1‘:Qiﬁta
PROPARITION AID COBRE OF ANIMALS

Alloxan Dishetlc Rat

52
-

Hole albino rats of the Sprague-Daviley strain, weighing 200 grems,
were fagted Tor 13;* hours end then injected intrasuscularly with a dose of
0.06 ml, of freshly prepored 10f alloxen monohydrate per 100 grems rat.
Dmediately, on intreperitonesl injection of 5 ml. of isotonic saline wms
sdninistereds The rats were fed after one to two hours. Food ad libitup
and e constant ample wmber supply were indisvenssble for the maintensnce
of these mﬁmls. This method of production of alloman disbotic rots
proved successful in 857¢ of the snimals injac*i:ecima.

The effects of disbetes on these rats were manifosted by an inditial
1&35 ef body welght, followed by a meintensnce of weights The rats also
had vpolyphugla, polyuria, and polydipsic. The progress of the diseese was
followed by body woight cbservations and periodic determinations of blood
gugar. The 2/ hour fegting bleod sugars of these disbotie rats usuelly
rongsd from 300 to 400 mg. per cent. No animal with ’k?lmd sugor values of
less than 165 mg. per cent wos used. |

Most of the animsls were mainiained for six to seven weeks without
ingulin, but an oceasional siek animal wee given daily subeutoncous injece
tiong of four units of WFH Iletin (Lilly). Ineulin therapy wes always tor-
minated four days prior to use of sanimels to eliminate any direet or imme-
diate effects of insulin upon reactions being a‘blﬂiﬁﬁ“}*.
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Ponereatectanized raty

Pancrentectony was performed on mnle Sprague-Davley rots weighing 200
grong and foagted 24 hours belore surgery. The anesthesis used was on
initial intraperitonesl injection of 35 ng. Nesbutel (Na pentobarbital)
por dlogrem of rot and the periodic use of an other mapk. The surgical
techniques of poncrectectomy were similar to that of sww’ a’ uglng cotton
swobe to strip off approximately 951 of the paunereas. That this much
pancresas was removed was determined by the onsst of &iaﬁe?&esﬂ two Lo

bree weeks after surgery. Ihe critorion for diabeles was a fasting blood
sugar enceeding 165 mg. per cent.

Poct operative care included an indrermsceular injection of &0, 000
units of pendeillin immediately after surgery, followed by 30,000 wits of
penieillin daily for two consecubive dayss The animels were fed ad 1ibitum
with ground Purine chow containing 1f Pancrentin, W.F. (Merck), and sup-
plied with ample drinking weier,

Animals wore used siz bo seven weeks after surgery. When necessary,

2 subeutaneous insulin injection of two unite of UPH Iletin was glven daily
wnill four days befors the experiment. The morbality rate of this surgiesl
procedure was apnroximetely 30%.

For the supplementary studies of insulin treated panemaﬁecﬁmﬂmﬁ
animals, two units of HPH Iletin were given subcutoncously daily for three
doys and two units of erystalline zine insulin were given thres hours be-
fore the start of the expeoriment. |

For the studiesg of pantothenate-fed pancreatectomized snimelg, these

animals vere fed ad 1ibitum with ground Purina Chow containing 40 mg. per



cent of calelwm psntothennte.
EXPERIMENTAL PROCEDURE

The nutsditional status of all snimals was kept wniform, gince it has

as A o' dr =t - 105,106
boeu established thal lipid metebolima is affected by festing ° P

by fagting and mfae&ingm?. Animels were fasted 24 hours, nllowed 1o eat
for one hour, and injected with 2 ml. of aaemte-»l«su one hour post-
prandiallys.

To study 1ipid synthesis, en animnl was nloced indo a metabolism
eimnberws, Figure 1 {(Poge 30), lmmediately afier the acetate injoctions
Resplratory corbon dioxide wms flrgt counted in the gos phase by a sesler
conneetad to o thin end window G tubs, then the 00, wes collected in
WaOHs After 2 hours, the rot wes lightly ancsthotised with ehlorolorn, ond
the blood wos collected by means of heart puncture. The ret was dissected
into the tissues, carcass, skin, gut, and iiver, end after ssponification
of these tissues with aleoholic KOH the linids wore extracted.

Po study lipid turnover, acetai:w}.,-«c“ injected rots were pubt inte
eage hood as:emblie:; o to mininmize radiosctive eontomination of the
laborotory, fed ad libitum, and scerificed at vorious time interwals of
2 to 28 days allter acetate injections.

AHALYTICAL MUETHODS

Blood Surmr Deterninchions

The t=il of the ret wus wermed in hot wuber $i111 hyperemie, dried

vlth a towel, and the final 5 mm. cub off with a shorp pair of scissors.



Pigure 1

The metabolisn asrembly consiste of the following:

As
B,

c.

D.
B
¥,
Ge

Ha
I.
e
Ko
Lo
M.

Soda Mme tower

"o® elamn Flowretor
Polystyrene metobolisn charber
Water trap bottle
Gelger-Mawller tube ascenmbly
low neter

Fractional $0p oboorbers, containing 20 ml. each
of 1 X NaCH solutions

Absorbor containing 200 nl. of 1 ¥ HaOH solution
Cartesian Manoptat, a vacum regulating device
Berlceley Decinal Scaler

Eleoctric timer

Berkeley Counting Rate Comnuter

Beterline-Angus recorder



Figure 1
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Alter collecting glx to 'eig};t drops of blood on & spot plate conbaining
potacglun omalate eryetals, the cul surface of the teil was couterised.
To deproteinize the blood, Cel nl. of blood wes added o e conlwrifuge tube
containing 3¢5 nle wator. To this wore added 0.2 nl, each of 571 ZnSQ, and
0.3 7 Ba{0H) 4. Aftor mixing and cenivifugating for 20 mimates, 2 nl. of
filtrote were added to 2 ml. of sugar roagent. The glucose was deter-
mined ueing the method of :"émsﬁri”g.
fnalyeis of Respizatory Gerbon Digxide

in aliquot of the respiratory earbon dioxide collected in HeOl wme

101 .
plated as BaC0y . The weipht of the Bally plate provided quentitetive
information on the total carbon dioxdde output. The radiccctivity of the
infinitely thick plate wme detormined by counting with an end window (M

counter with an efficiency fector (couwnts/disintegrations) of 1.957.

Blood Cholesierocl
Cholesterol wms isolated from the blood according to the methold of

Abell ot g‘:”, by seponification of the blood with eleohelic HOH and ex-
tracting the cholesterol with petroleun ether. One-~hall ml. of serum ar
five mle of alecholle 200 (prepared by mixing 6 ml. of 337 KOH with 94 ml.
of absolubte aleohol) wore mixed in a 25 x 15@ . serew eap culture tube
and incubated at 3’?—-4{}0 C. for 55 ninutes. Tive nl. weter and 10 =i.
potroloun ether were then added before shaking for five mimutes in e
mechanical agitetor. After ellowing this mixbure to stand for approxi-
mately five minubes, two leyors separated. Aliquots of the petroleun other

leyor were immedictely taken for color determineblons of cholestercl and

radioageay,



Isolation zod Asgey of Tiscue Lipide

The tissues of the secrificed rats were weighed and transferred to

digestion flasks containing 257 aleoholic XOH solution in the follouing

quantitios:
Cercoss 200 mi.
Gut 150 mi.
Iiver 50 ml.

After two hours of dipestion under roflux, the solutions were i”i}.tere.aaz
wiille hot through glass wool pluge inte graduated cylinders. These solu-
tions were cooled, their volumes recorded, and aliquots of this solution
were wlaced into 25 x 200 mm. sorew cop culture tubes. These latter solu-
tions were evanorated to half their originel volumes anc‘_i reconstituted to
20 mi. with wmter.

To extract the cholesternl, or non-senonifisble fraction, apnroxi-~
mately 20 ml. of wedistilled petrolowm ether {B.P. 30 to éi}g Ce) were
added to the saponified golution before shoking at high speeds in a
mechanicnl shaker for five minubtes. The potroleum ether phose was removed
with a 30 ml. gyrinpge Citted vwith an eight inch necdle and transferved tn
a 250 nl. Brlemmeyer flagk. The pooled petrolewn ether extrzets from five
extrections were wnghed with TOH and woter and dried over anhydrous
Ney80, over nirht.

The aqueous phase remeining afier cholesterol extrection was acidi-
fied with concontrated HEI to a Conpp red endnoint. PFive extractions with
poetroleum ether were earried out asg deserdibed above. The pooled ether ex-

tracts were dried over anhydrous NepS0,.



Both fatty ocld and cholestorol residuss were transferred in a slmilar
manners After drying, the etheor solutions were filtered over 2 emnll
glass wool plug into e wide mouth 500 ml. Erlemmoyer flack. The othow wms
evaporated by heating on a stean beth end blowing with e pgontle stremm o £
nitrogen. Five successive five ml. portions of aleohol wers added o dls-
solve the lipid, heatod, cooled, them tronsferred with a pipet to a 25 nl.
volumetric flaghk.

Quantitetive assay of cholesterol was by the modified Sperry-Schon-
heimer mtho&”aa

To determine the radioactivity, 045 ml. of the aleoholic solution of
lipide wms directly plated on ¢ cupped aluminum planchet and dried with o
heat lamp placed 12 inchos away. Occasionol dilutions of the solutions
were necessary to prevent the infinitely thin ssmnles from containing mere
than 0.3 mg. of solid material. Under our conditions of experinentation,
this was found to eliminate any effacts of self-sbsorption of radiation,
The cholosterol wag counted with 2 micromil vindow GM tube wdith an ef-
ficiency factor of 43.27.

The fatty scld content was dotermined growvimetrically by ewaporeting
an aliguot of the aleoholie solutlon and weliphing the fotly acid residus.
The radionssey woyg similar to that of cholestercl as deseribed above.
Counting efficioncy of fatity acid at infinite thimness was 507.



I1T. BEOULTS AD DISCUSSION

Bocause of the many factors studled in this investigation, the results
and dlseussion are presented in five major parts, as follows:
A, A study of the production of disbetes in rabts using 2lloxan
B. Informetion concerning enimals used in the study.
Ce M@ﬁ&t@»bﬁ“ oxidation.
D. Lipld symthesis.
E. Linid turnover.

& STY OF THS PRODUCTION OF DIABITES IV RATS UG ALLOZAN

The production of experimental disbetes with allowsn has been found
to be dependent uson many factors, among which are the dosage, the route
of administration, the fusting perioed prior to injection of alloxen, and
the sex of the animel. Although s mmber of different methods are report-
ed in the literature on the production of exporimental diabetes, no one
mothad apreared adequate for nroducing & hiph incidence of dicbotes and 2
low mortality in the mele Sprague-Dauley reb. Thus a study of some of the
methods vas mede and modified. The results of this study cre swmarized
in Table I {Pags 35).

stnr'bwax&tw described o method in which the rots were not fasted bub
were injectes intvaperitoneally with & dose of 48 ng./100 gn. rat of 2 17
alloxan solution administered in three divided doses of 16 mg./100 pm. rat

every 48 hours. When this method wes used in our laboretory, no deaths



The Production of Alloxan Dishetic Rots

TABISE I

Method 3 2 3
ALIOXAN IHJECTICNS
Dosage (mg. per :
100 gme rat) 28 20 18,9
Concentrntion
{£ soln.) 1 1 2
Route of adnminig-
tration) Ip 5 56
FASTING PORIOD PRIOR
70 INJECTION (houre) 6 B 4
NO. OF RATS STUDIED 5 6 5
PER CENT DRmHS g 100 60
PER CENT DIABETIC 20 0 40

Hethod Tumber

L

g

s

10

24
15
100

10

M

R o &

K

10

11

18

10

M

15

85



resulted, and 20 por cent of the animels developed dishotes as detormined
by a fasting blood sugor emceeding 165 mue per cent.

Subcuteneons injections as in methods 287 and _?»1 ﬁ, whlch differed only
in the concentrations of the alloxan solution, resulted in O per cent
or 40 per cent disbetics, respectively.

Method /. was developed here by Dr. Clarissa Beatty for the production
of disbetes in female rats. Using male rats and her conditions of drug ad-
minigtr-tion, there wes only a 14 per cent success in the production of
diabetes. However, the intremuscular route of administration of her pro-
cedure seemed decirable %o us. Thus, modifications of this techulque wore
made and are shown in methods § through 8.

In method 5 the fasiing time was Incroased to 54 hours and the dose
decreased to 7 mg./100 gn. rat, resulting inm death of all the enimalsa.

Unon returning to the uge of the original fosting tinme of 48 houre and us~
ing the ceme dognge, 14 per cent diabetics were obtained in method 6.
Further decreoase of the doge to 5 mg., method 7, gave no deaths and no di-
shetles. Obwiously o groater dosage wes necessary, 8o in method £ the
dossge wne changed to 6 mg./100 g. rat and some other modiflestions were
nade, resuliing in no denthe end 85 per cent diabetics, Ve believe this
to be 2 highly efTective mothod for the production of emperimentsal dia-
bates in mnle Sprague-Daviey rats, having obtained equally good resulbs
with pubgequent geries of animals; this technlque has become a standard
mothod In our laboratory, ond has already been deseribed in a previous sec~
tion of this thegis.

With the alloxan resigtant rots, that lg, those vhich were injected
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but did not develop disbetes, reinjection using this same method wes found
to increase the fasting blood sugmr, but only 50 per cent of these velues
exceoded 165 mg. per cent. This eonflims the finding renorted by other
investigntors that anirmsle which heve not responded %o one injection of al-

loxan sre frecuently relractory to the reinjsction of a similor dose.
INFORMATION CONCERYVING ANIMALS USED IV THE STIDY

In Table IT {Page 32) are given the snimal wwights, fasting blood
sugars, and duratlion of dlabetes of the animels used in the following
studies. The blood sugsr volues wre Jdetermined prior to acetate injec-
tion.

It nay be seen that sllosmn and pancresteoctomized snimals resemble
each other in body welghls, festing blood BUGars, and duration of the
disease. The body welghts of the diabetvics were gomevhat lower than the
controls, sclthough initdlelly 21l the enimels were of sindlar wolghte
{150 to 200 grams) and of the same age. This loss of weight is to be ex-
pected since during the produetion of disbetes there is an Initial loss
of body weight which is followed by only a maintensnce of body weight,
rather then the normal weight goin. The body weights of the pancrostec-
tomized aninals which were treated with insulin or pantotbenate appeared

sater then the untreate’ pancreatectomized. Thls way be accounted for
either by the druge administere’ or by the greater duration of the disease.

Teble TII (Page 53*?) prasents the weights of the tlesues carcass, skin,
gub, and liver of all the snimals. Since these weights are dependent upon

the welight of the reb, they are expressed as the per cent of the body
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TABIE I
HISTORY OF ANTMALS USUD IV T STUDY
BODY FASTING DURATION
0. YEIGHT BLOOD EUGAR OF DIADETES
COMDITION = RATS  _fgvems) = _ (mg. %)
Control 22 205 - -
(183-238) - -
Allosam 22 - 173 0L 42
(136-225) {202~505) {35-67)
Pancreatoctomized 17 L 365 %
(132-262) {165-600) (38-72)
Insulin Troated
Pancrentectonizod 3 269 5054 78
(227-307) {3¢7-618) (78-78)
Pantothenate Fed ,
Panereatectonized 2 208 240 05
{181-236) (384~495) {105-105)

igures reprosent means and vanges of values.

# Blood sugar before ingulin therapy
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TABIE III

TISSUE VEIGHIS EXPRUSSED A8 PRR CENT OF BODY WEIGHT

1o,
CONDITION RATS _C/RCASe sk GuT LIVER
Oontrol 22 626 2068  15.1 2044 146 :0.5 3.7 20.2
Alowem 22 57,2702 108307 20,9 0.9 5.6 $0.2
Paneroatecionized 17 52.0 21.0 10.0%0.4 25,9 1.5 5.3 0.0
P for alloxan versus _
nancreatectont zed { 0.0025 0,05 < 00025 20,05
POOIED DIABRTIOS 39 54.9%16 10.520.4 22.1%0.9 5.5%0.08
P for control versug
pooled dishoties <0,0025 <0.0025 <{0,0025 < 0.0025
Ingulin Treated 2 . . e
Pancreatectorlzed 3 55,0229 Mu4ilad 19.131.6 5.610.8
Pantothenate Fed .
Pancreateetord zed 2 50,3326 15,3761 22.6%0.0 5.620.8

Figures represent avernges & stonderd error
j ge

P = probabllity lowvel
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weight to glve 2 more meemingful comparison bolween emimale and botween
groups of aninals.

In the pmncreatectomized sninels, the caresss representod less total
body weight, while the gub repressnted a pgrester portion of the body weight,
ag compared to the alloxen animelss There wore no significent differences
betwoen the liver and skin fraetions of the twe preparations.

When considered as o wnid, the digbetic onimals differed significant-
ly fron the controls in the distribulion of Lody weight. The disbetics
had less carvcass and skin and more gub end liver. Tho decrensod corecass
and skin may be due o a docrense of edipose tlgoue and subecuteneous fot
regulbing from the lesion of fubty acid gynthesis in the diabetic or to 2
dehydration stote vhich iz ueuelly thought to accompany scvere diabetes
despite the general polydipsin. The increaged mobilization of fat in the
diabetic may explain the increase of liver gize, sinee the liver ls
thought to be the chief orgon coneerned with fot mobiliszation. The in-
creased qut tlscue quentitatively evpressed the grose observation of pro-
troding ebdonens in the diabotic rats as o result of polyphagin, the
woight of gut tisgsue repregsenting the woight of tissue plus contenis.

The supplemontary studles of insulin trosted snd pantothenete fed
animals were not statlsticelly onalyzed due o the smell sample sizes in-
volved.

The ineulin treated avimals resembled somewhat the pancreatectonised
animals emeept Tor having a lower gub tissue weight, This gut tlssue wes
51411 more than that of the control, however, indicating that insulin
troatment for three days may bo insufficien‘i; to grossly affect the
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redigtribution of body weight. It ig Interesting to note that these ine
sulin trented animale resembled more closely the allovan snimals then the
pancreatectomiged eninals,

The pantothemete fod pancreatectomiszed rote resevble the pancreatec-
tomized rat in every tissue oxcept the gliin, which appears to resenble
that of the control wvnlues. However, no great significence con be at-

tached to thls observation at present.
14
ACETATE~1-C  OQXIDATION

Certain of the resulis of the time course of QMQ; elimination are
presented in Teble IV (Page 42). Representetive sampling times were
chosen and the averages and ranges of values are reported for these times.

To 2id in the mdorstanding of this work, the mean values have been
plotted in a fashion similer to the way the date was collected (seo M, the
Egterline Angus millliammoter recorder, on Figure 1, page 30). In Figure 2
(rage .ﬁ:;’) are depleted the specific activity vorsus time curves of the
Eﬁuﬁg produced during the first thirty minutes of utilizatlon of labeled
acotate. This time interval wms found to show the greatest changss.

The control and alloxan curves resenble each other in shepe, moximm
specifie activity being attained by both groups in epproximately 12 min-
utes, but the spnecific activity of the alloman curve was conslstently
higher than thet of the conitrol curve. The curve of the penareatectonized
enimals sooms to approach the control curve in magnitude of 61 ‘Og spacifie
aetlvity, but the masdmun speeific activity anpears to be prolonged over
& longer period of time. Sinee the pancrestectomized animels converted



Figure 2

Specific asctivity veresus time curves
14
of vespiratory C 0y
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pencreatectonized rats in 2ll three measurements, 1.0., millimoles of car-
bon dloxide output, epecific activity, and per cent incorporation of label.
For thie renson these twe groups of animals were taken ss & unlt and list-
ed as pooled disbetlos. The pooled dlobetics produced the same mmount of
carbon dioxide as did the control, but have a statistically higher

specific activity and per cont incorporation of label, s shown by P values
of <0.05 and <0.025, vespectively.

A viguel evaluation of the specific activity-time curves of the con- -
trol, alloxan and pancrestectomized animels confirms the repidity of ab-
sorption, distribution, and metebolism of scetate, as well as the rapidity
of tronsport and excretion of the 8“0; formed. There appears to be no
major metabolic defect in the ability of the diabeiie animels %o oxidisze
tracer acetate to carbon dioxide.

The similerity of the shapes of the allowsn and controel curves might
indicate thet in these preparations, labeled acetate wms being metaboliszed
at about the same rete. The greater maximm specific activity of the al-
loman enimals may indicate that the tracer acetate wes loss diluted by
endogenous metabolites in its processes of activation or oxldetion. The
prolonged meximum specific esctivity and slower decay of EH&, of the pan-
ereatectonized animale may indicete that these animals have a decreased
abllity to activate acelate or that the labeled acetate was more diluted
by the endogenous acetate. Theso suggestions may be compatible with the
faet that pancreatectomized preperations are believed to become morve
ketotic then alloxan prapamtions1a.

At the end of the two hour period, the alloxsn and pancroatectomiszed
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enimels did not differ from oash other in any of the parsmoters meagured,
shoving that, although they msy have metebolized the acotate differently
et first, they oxidized tho same amount after = period of bime.

The dishetic animals are goen to produce carbon doxide of a higher
specific activity then that of the control gromp, whish leads to an in-
erease in the per cent incorporation of lahel, 8ince the total amounisof
sarbon dloxide produced by the disbetle and control groups were similer,
theee increases camnot be attributed to any shanges in the overall produe~
tion of earbon dioxide. The depressed lipogenesis previcusly found in
diabetic wmls‘s nsy lead one to interpret this phenomenon as a shift
of metabolism of acetate from synthesis to cxldation, Howover, the smount
of labeled acetabte used for lipogenesis is so mmall that it ecenmot accowmt
for the increage in the amount of labeled acetate oxidiszed to '0“03 in the
disbetie. It would appear, them, that &mt&t&«l—ﬁ“ gctivetion and diln-
tion sghould asceount for thess findings.

In the disbotic animal the accelerated formetion of ketone bodies may
incrense the supply of cocasyme ﬁ by means of the duwo resctions:

1. condengebion of ecetyl Cob to aceltoacetyl Colk

2 he-Cof —> Acetoecetyl-Cod + Lol

2, deacylation of acotoacetyl Cod by the liver

heotoacetyl Coh ——> #oetoacetata + Qod

In the light of these renctions; we believo 1t reasonsble to postu-
late that the increesed production of labeled carbon dloxide by the diabet~
ic may be due Yo an inecresse of ¢oenzyme A aveilsbility which would
facilitate oxidation of move acetaote. Potentlal gubstentistion of this
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hypothesis may be present in the comment of Bmﬂym that there is a sub-
stential incresse of coenmyme A in the liver of the disbetic, and the find-
ing of Brady that thore is a stimulation of fetty scid oxidation in the

liver by high concentrations of cocnzyme 3.
LIPID SYNTHESIS

An attempt wes mede to ewnluate the comparative rates of gymthesis of
cholestercl and fably acids hy meaguring the Pollowing three peremeters:
welghts of lipids in the various tlsesues, specific activity, snmd the per
cent of ﬁ“ acetate incorporzted inte the lipids.

In Table VI thore is presented the dnte on the smoumts of cholesterol
and fatly acide in the tissuse (pege 49). By cxmmining lines 2 and 3 and
linee 7 and 8, it is soen that the alloson end poneroatectondsed animels
repenble each other very closely in both fatty 20id and cholesterol con-
tent, If, on the other hand, the diabetic preparations sre compaored with
the control enimslg, it is seen that, although there ave no gross differ-
ences in the cholegternl eontent of the tissues, there are goms differ-
ences in the fatty avid content. The carcass, skin, and gut of the dia-
betic animals have less fatty acids then the contrel, while the liver of
the dinbetle has approximately one and one-fourth times as much fatly aecdd
as doos the control liver,

The reasons for these differences are not obvious st prepent, since
it is believed that the lipid coantont of the various tissues may be in
part dependent upon the size of the animel. 7These values have then been
pormalized by & caleulation of the unit concentrations of linids, that is,



CONDITION

Control
Alloxam
Paneres teetond ced

Insulin Treated
Panereatoctoni g&d

Pantothenate Fed
Panorestectonined

Control
A3l oman
Pancreatactond zed

Insulin Treated
Pencreatectonised

Pantothenate Fod
Pancreatectonlzed

[0,
RATE _CARCASS = . SKIN GUT
GRAMS OHOLESTEROL PER TISSUE
2 0.2%t01 0.4%.008 0.057.002
2  oJ6f2.0a oari.onr 0.06.007
17 GJA5%.02  0,102.000 0.04%.007
3 0.2712.,02 0.230%.02 0.09%,01
2 0.2.%.03 o0.4%.02 0.002%.002
GRAMS FATTY ACID PER TISSUR
22 702 3.9 .1 1d .
22 3.7 %.38  0.86%,17 0.62%.06
17 3.1 % .50 0. 703,22 0.70%.08
3 701 ’* aﬂﬁ' gta '* %W lté- 3 J.ﬂ
2 Lk 2,33 0u35F.05  0.47%.08

T4BLE VI

HEIGHTS OF LIPIDS IN TISSUES

OF CONTROL AND DIABETIC RATS

Flgures represent means ¥ standard erwor

49

0,02 £.001
0.03 % .004
0.02 ¥ ,002

0,02 2,004

QDQB :ims

{3#24 Z -ﬂl
0.28 ¥ .02
0e34 2 .03

040 % 04

0.33 16
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the milligreme of lipids por grem of tissue. These are presemted iu Table
VIT (vage 51).

Statisticael annlygis of the yresulis shows a decressed concentration
of cholesterol in the gubt and liver and 2 decrecsed concentration of fatty
eeld in the skin of the pancreatectomized animals vhem ecomparsd to the al-
loxan animalg.

When the cholegterol concentrations of the dlebetic preparstions are
comparsd to the control values, it is noted thot only the skin fraction of
the disbetic animals differs from thet of the control. The finding of &
greater concontration of cholesterol in the skin of the dlabetic might
load one o postulate an incressed mobilisetion of cholesterol to the skin
or a decroased turnover of cholesterol in the sgidn, sinee the provious
findings of owr lﬁe‘bom‘ﬁaww showed no apparent Increass of gymithesle of
gkin cholestercl in the dlabetic.

A comparison of the fatly acid concenbration of the control snd die-
botic animals indiecotes a significant decreass of fuliy acid concentra-
tlong in the caromsgs, ekin, and gut of the diebetis, but no difference in
that of the liver. Since the carcsss and gidn fractionsg contaln the major
1lipid depots, i.e., the adipose tissue and the subeutaneous Lo, respec-
tively, and since the disbetiec is thought to be more dependent upon 1ipid
catabolisn for energy, one might expect to find these deersases of fatby
aeids in the eareass and gkin. Aun accompenying decreased formation of
fatty acids in the disbetle would also result in low stores of fat.

The liver iz believed to be an important site of degradation of fatiy

aeids. Consequently, in a state of increased fatty scdd utilisation {as



TASIE VIX
CONCENTRATION OF LIPIDS IN CONTROL AND DIABETIC RATS
HO.

~—CONDITION __ BATS ~ _CARCASS SKIN o _LIWR

HITLICRAMS CHOIRSTEROL PER GRAM TISOSUE
Control a2 148 % .07 422,18 lis7 ¥ .08 2,15 % L,10
Alloxan 2 1;52 * uf!.S 5.63 & ¢33 1&5&. b «21 213.8 k4 ‘06
Panereatoctanized 17 1.62% ,18 5.8 % .42 0,932 .14 1.7 .2
P for alloxon va.
penereatectomized >0.10 >0el0 <005 £ 0.05
POOLED DIABEBTIOS 139 1.62 F 07 5.57 & J41 1,273 ,12 2.00 & ,07
? for control vs.
pooled dighetlcs > 010 {0,005 20410 010
Ingulin Treated
Pancreatoctomized 3 1.8 % .27 7.02 % 1.1 1.83% .28 1.49%.32
Pantothenate Fed

MILLIGRAMS FATTY ACID PER GRAM TISSTE

Allozan 22 3662 22,3 40.528,8 16,9 2 0.6 28.231.6
Pancreatectonized 17 20.3% 3.9 25.5%30 149210 298217
P for allowxan vse
nanereatectonired 20410 < .08 20.05 »0.10
POOLED DIABRTIOS 29 3%.222,3 235327 L0203 289211
P for conitrol ve.
nooled diabetics < 0.005 < 0.008 < 0005 2010
Insulin Troated ‘
Pancreatectonized 3 &?tg - 4 1#3 T2.0  § 1.7 3201)- 3 Qud 27;6 4 116
Pantothenate Fed
Pancreatectomized 2 200 21,0 188250 10,0109 28,32 35

Figures reprosent means I gtandard errors
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seon in disbotes), one wuld not expect to find a decrease in fatty acld
concentration in the liver.

It may be recelled that in Table III (page 39) 1t wes shown that the
disbotic animels undorgo & redistribution of thelr body welghts go that
the carcass and skin tissues represent sualler proportions of the body
welghts, sz compared to control animals. From the above findings of
changes in lipid concentration of the dlabetic animals it msy be concluded
that the redistribution of body lipids is in part responsible for the ro-
dietribution of body welghis.

The effeets of imgulin wore studied in & fov animals to give an in-
dicetion of its offects on linid metabolism in the diabotic, Although the
results were not treated stetistieally, it can be seen (Table VII, page 51)
that insulin couses 2 glight increose of cholestervl concontrations of the
careaps, oldn, and gut and a decrease in the liver of the pancreatesto-
mized animels. Ingulin elsoc ¢auses an inerease in fatty ecld concentra-
Hons of the earcass, siin, and gut and & slight decrease in the liver of
the pangreatectomised rets, resulting in fatiy acid levels resembling
those of the control rats. Insulin has beon found to be cepebls of re-
storing deranged carbohydrate metebelism in the diebetle to normal. Here
its effect on fatly acid metabolism is demonstrated.

By feeding pantothenate, presumebly to ineresse levels of coensyne 4,
Hookerjoa and Sadhuw found an inercsse in cholesterel concentrations in
the blood, liver, and adrenals of the diehetic rat, Thus they postulated
that a deprossed cholesterologenssis in the diabetic was duo to en insuf-
ficient supply of coenzyme A in the dishetic. Wo have similarly fed
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P for slloman ve.

POOLED DIABETICS

P for control va.
pooled diabetics

Ingulin Treated
Parceroctectoni zed

Pantothenate Fed
Penereatoctonlzed

16

2

TABIE VIIX

~

SERUM CHOLESTEROL LEVELS

{mg./100 ml. serwa)

80
80
70

105

P = probability level

170
195

54

MEANs *
STANDARD KRROR

Wgﬁ_ k 32 -

18.7 % 134

1319.0 2 9.0

Y 0.10
116.6 T 7.3

7005

77.0 } 3.8
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were the result of hypercholesteremis, then our findinge of o simllarity
of cholesterol lovels in the pancroatectsnized and allsxsn preparations
would not support their findings.

Kotz and his c&wﬁ:ez‘ssw showed that chidokens fed a cholosterol-oil
diet developed coromary wespel lesions uhich rogressed vhen the choleg-
terol-oil feeding was terminated. However, when insulin wes administered
after the cessation of cholesterol-oil feoding, the usual rogvession of
coronary wessel leslons did nod occury thus they postulated an sthero-
genle-potentileting effect of insulin. Although we heve studied enly three
enimels, we find thot the diabstic animels trested with insulin do not have
slevated blood cholestercl levels but slightly depressed 1@1&. This de-
crenge of cholesterol levels in the blood is accompanied by 2 decrsase in
liver cholestersl levels also. Sinoe blood cholesterel is thought to be
derived fyon liver cholestorel, such 2 parollelism of findings ie in order.

The gpevific activitios of the lsolsted 1ipids of the tiasues sre
presented in Table IX {pege 56). Upon examinntion of this teble it is
Tound that the cholesterol specific activity of tho carcass of the pon-
ereatectomized enimals ds slightly higher thom that of the alloxan aunimal,
wihile the cholesterol spesiflic agtivities of the rest of the tissuss of ‘
the alloxnn and pemeroatectomized preparotions are of simller megndtudes.
The pooled diabetie andmels have lowsr concentrations of radischulesterol
than the contrel animals. Thig decreasse in yadicactiviiy may indicate a
decysased cholestercl synthesis ginece the decrease cmymot be due entirely
to changes in pool size and dilution of labeled cholesterol. As showm in

Table VII (pege 51), the only disbetic tissue differing from the control

in chelesterol concentration is the skin,



TABLE IX

SPECIFIC ACTIVITIES OF LIPID FRACTIONS

OF CONTROL AND DIABETIC ANIMALS

0.

Control
Al 1owan
Panereatectonized

P for alloxan ve.
panerecioctonized

POOLED DIABLTIO

P for control vs.
pooled diabetie

Ingulin Treated
Panerestectonized

Pantothenate Fod
Pancrechoetondized

Control
Alloxen
Pancreatoctonized

P for alloxan vo.
panerestectonized

PCOIED DIARDTICS

P for control vs.
pooled dioheties

Insulin Treated
Pancreatectoniged

Pantothenate Fed

GUT
SPECIFIC ACTIVITY OF CHOLESTEROL FRAGTIONS
10 51634 5004 ¥ 705 266.4 £10.7
5 233324 15,93 3.3 15L.0 1245
6 373242 272 3.6 175,0%17.0
< 0025 > 010 20410
11 31.0%23.2 20,7127 165.4 F14.8
< 0.005 {0.005 < 0.005
2 3043331 15.6 % 4.8 142.0 4.0
SPECIFIC ACTIVITY OF FATTY ACID FRACTIONS
10 344 5.5 1609 T 19 171.8.724.0
8§ 842128 10,22 %k 126.23319.6
6 9.3121 10.87%24 105.8.1.1
PR 153 YO 10 >0.10
11 89216 10.5% 2.3 11513133
< 0,005 <0.05 > 0,05
3 188251 131%7.5 92.6133.46

Poncrestectomined

Pigures represent mesns ¥ standerd error

—lIR

460,8 260.7
85.9 220.0

>0e10

<0.005
L4240 3 147.4
wﬁug :‘3»23‘3
a?.é 2 1640

28.8 ¥ 5.2
2.9 X 7.7

>0.10
el & L3

< 0.005
79.8 218.3

18,0 2 4.6



While this finding of & lack of increase in speeific activity of
cholesterol in the liver of the diabetic is contrary to the ten fold in-
ereapes in the liver slice of the disbetic reported by Hotte ond mmik@ffu,
our finding is more in accord with that of Brady and Gurin“, sfiparatainﬁ,
and Van Emggemw. ‘

The spocific sctivities of the fatty acids in the allowem ond pan-
erontoctonlzed animals do not differ. In comparing the fntty sclds of the
diebetic animsls to the control amimels it s seen thet, vhereas the gut
of the diabetic is nol stotistienlly different from ithe contirol, the car-
csss, skin, and liver of the disbetic have lowsr fatty eeld speeific ac-
tivition than those of the control.

The specific activities of the serum sholestercl of the dlahetie and
the control animals, as shown on Teble X (page 58), indiecate no differ-
ences, Howewver, the sorum cholesterel of the panerestectomized animals
have a higher specific sctivity then the sllomn snimmls. It 1= interest-
ing to note that the eppavent decrsased synthesis of cholesteral by most
tissups of the diabetic do not grossiy affect the blood cholesterol con-
centration and specific activities. It is possible that sorm cholesterol
levels may be dependent not only upon synthesis but alsn upon the degrada~
tlon and transport of cholesterol.

Ingulin sdninigtered to the pancrestectonized animels influnences the
cholesterpl speeific activity level of the liver only, elevating it to
control values. Depressed fatty acld gpecilic asetivitieos in the diasbetic
carcags and liyor ere gloo returned to normsl by insulin injections. The
ingulin treated andmals have serum cholesterol of a higher specific ae~
tivity than elther the wmireated poncreatectomized or the control animalge.
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TBIE X

SPECIFIC ACTIVITIES OF SSRUM CHOLESTEROL

0. CHOLESTEROL MEans &
CONDITION RATS SPECIFIC ACTIVITY ADARD E
Control 2 86
' 132 : 109.4 ¥ 23,7

Alloxen 3 42

33 .

9/, 72,3 % 6.6
Panereatectomized & 03

128

16

180 138.2 X 17.8
P for allomn vi. v
pancreatectonized £ 0.025
POOIED DIABLTIC 4 108.6 2 17.0

P for conitrol ve. ‘
pooled diabetle ‘ \ 70.10

Insulin Troated ,
Panercatectoni nod ki 76
: 27
207 2.8.0 * 1.0

Pantothenats Fed
Pancreatectosized i

P = probebility lewvel
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Since this high specific activity serum cholesterol is accompanied by a

decrease in cholesterol concemtration in the serwum, the effocts of pool
glze and docreased dilution mst nlso be considered here,

The per cent of GM scetate labol incorporated into lipids, which ig
the resultant of the specific setivity times the totel mass of 1linid in
the tlssue, glves a meacure of lipid gynthesis which minimizes the effects
of variations in 1lipid concentration. The per cont incorporetion of la-
beled acetate into eholesterol and fatty aclds es shown in Table XI (page
60) indloates that excopting for the carcass cholesterpl the allozsn and
pancreatectomised groups do not differ statisticelly in any of the tlssues
examined in both types of lipids. 4 comparison of the control and dia-
betic animale indicates a decreased per cent incorporetion of lshel into
eholesterol and fotty scids in a1l tlssues.

Although insulin does not ssem to incrsase the ability of tho sic:in of
the diasbetic %o incorporate label into cholestersl, it does veturn the ine-
corporation of acetate into cholesiterol of other tissues to control levels.
Fatty oeld redioactivity is also inereased iIn all tissues following in-
gulin treatment.

Due fo the =mall number of animals stulied, the following nresenta-
tion of the influsace of pantothenate feading on cholesterolegenesls is
presonted 4o give evidence of a trend of the results of such a stidy.
Pamtothonate feoding does not affect the per cent incorporation of label
into cholesterol in any of the tlssues exeept liver. The fatiy aeid ace
Hvity is slso wnaffected or decreasod. Mookorjes and Sa.-dm” used a
quantitative analysis of cholestorol to indicate increased cholestero-

penecis. Although in the two animals wo have studied there 1z an



TABIE XX

. ; 14
PER CENT INCORPORATION OF € -ACETATE INTO LIPID PRACTIC

Control
Alioxan
Paneraatectonlsed

P for allomn ve.
pancreatectomized

POOLED DIABETICS

P for control ve.
pooled dlabetics

Insulin Treated
pancrestoctonized

Pantothenate Fed
pansrestectonized

Control
Alloxen
Panereatectoni zod

P for allodan vs.
panereatactonized

POCLED DIBETICS

P for control va,
pooled diabeties

Ingulin Treated
Paneyestectonized

Pantothenate Ped
Panerestectomized

0.
___COMITION _ RATS _ GARGASS = __ gKIN

10

5
6

ud

2

10

5
6

2

_GUT
PER CZNT INCORPORATION INTO CHOLZSTEROL
0sl4 2,01 0.087 .01 0,19 Z.02
0.042 2,000 0.025 *.007 0.064 %.02
0.099 2,03 0.042 f.006 0.14 *.
< 0.08 > 0.05 > 010
0,073 2.01  0.034 f.005 0.10 1,03
< 0005 < 0.005 < 008
C.J1 102 0,09 2.01 0,19 1.02
0.0 2.0 0.031 3,001 0,17 *.06
PER CEHT INGORPORATION INTO FATTY ACID
2.3 2 .33 0.5, 2 04 1.63 % .30
G422 .11 0.09%,04 0902 .20
0.45 2 .08 0.12 % ,015 095 % .0
2 0.10 > 0,10 v 6,10
Oudd 2 .06 0.1 2 .02 0.92 2% .12
0,27 £ .05 0.06 % 007 0.65 & .08

Flguree represent moans ¥ gtendavd error
P = probability

—JAVER

i):u ft‘}l

0,023 2,004
0.066 2.03

? 010
0.046 2,02

<D.025

0.14 .05

0.12 .04

0e24 % 401
0.12 2,03
D11 3,03

76,10
0,11 *.02

<0008
Gtm 2 11

0,082 .04
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inerepsed cholesterel concentration in the caresss, skdn, pgub, and liver,
only the liver has en increased per cont incorporation of lsbel into ite
chologtorols Sinee the latter measurement of per cont incorsoretion betber
reflects eynthetic activity, we agree with these investigators thet panto-
thenate may incrsase the cholesterogonesis of the liver, but we find that
choleasterogenesis is not inoreesed in the cercass, skin, end gut. It is
tiiffimﬁt' at this time, howwwver, to aceept the idea that an increased
aﬁmlm%mgem:;is mosults from the oral supplement of coenzyme A in the
form of puntothenate feeding. If coenzyme A were indeed lacking in the
diabetie, end if pentothenate did replenish the supply, ome would expect
the other tissues to respond shrilarly. Also one would empect the syn-
thesis of fatty acids and the oxidation of acetote to be increased, since
these reactions are also kmown to be cosnzyme 4 dependent. The fatiy
aclds are not affected, howsver, and our carbon dioxide data suggest, if
anything, an exeess of ecengyme A in the diabotic.

To better illustrate per cent incormovation figures, two histogramg
of the rosults are presented in Flgures 3 and 4 (pages 62 and 63)., One
ean readily picture the lowered values of the alloxen and psnereatec-
tomized growps as compared to the control animals in both fetly acld end
cholesterol. Ome does not find, howewer, any direct correlation of muss |
of tissue with the amount of incorporation of label. The gut incor-
porates the nost label into cholestercl, whereas if a direct correlation
with mags existed, the carcass should Lo greatest sinee it has a greater
nagse For the fatty aclds, the carcass and liver tissues of the control

animals incorporate the most label, whereas In the disbetic the gut and
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TABIE XII
SPECIFIC ACTIVITIES OF LIPIDS
OF THE CARCASS FRACTIONS
AT VARIOUS TIME IWTERVALS

__CoNTROL ALTOXAN AR
TOE N, M0, 0.
{doye) RATS CHOL., F.ACID RAIS CHOL, F.ACID RATS CHOL,  F.ACID
0 10 516 34 5 233 8.4 6 3.3 93
(%a 2"' (17.4“ (1910” (207“’ {27:.1‘" (2'1"’
| 8543)  77149) 32.5) 18,7) 53.5)  17.0)
2 2 720 59.0 4L 6.9 6.1 4 2.5 12.9
(35.0’ {55'!@" {z?alp‘ (207"’ (18.!3» (3-0&0"
109) 6048) 494  12.0) 38.9)  17.2)
4 2 56.8 246 L 23.4 2.1 4 37 8.5
(45:4-  (19.8- (18.7-  (2.6- {2%6.5- (6.2~
68.2)  29.3) 28.3)  6.6) 57,3} 11.3)
T 2 2.2 2744 & 17.6 28 3 15.4 6.9
{(27.6- (26.8- (12.3- (L1~ {(11.2- {3.3-
34.7)  22.0) 22.4) 8.7) 18.7) 10.4)
1, 2 204  16.0 2 9.5 20
(19.7- (12,0 (8.9~
21.2) 20.0) 10.0)
72 2 152 199 2 86 <20
€13‘7‘” (1901“' (1‘2“

16.7)  20.6) 16,0}

Figures represent means ¥ ranges of values.



TABI® XIII

SPECIFIC ACTIVITIES OF LIPIDS
OF THE SKIN FRAGTIONS
AT VARIOUS TOME TNTERVALS
7, ALLORAR PANGREATRCTIZED
TIME 1O, Hi0.  "Ho.
(daye) BATS CNOL, F.ACID RATS GHOL, N.ACID RATS QOL._ F.ACHD
0 10 504 16,9 5 15.9 0.2 & 24,7 10,8

{26.4- (9.0~ (9.7  (5ul~ (18s7- (77
F1.6)  24.6) 28.4)  17.0) 35.9)  25.5)
2 2 63.2 237 L B2 6.0 4 33.4 30.6
(‘&6‘3"’ (2303“' {171?" {1&8"‘ (8'4."‘ (9.&’3-*
60.1}  24.0) 4346) 9.6} 72.1) 63.9)
- 2 LS 12.0 4 281 13.2 L 2.9 Bo6
(U0~ (13,4~ {(18.2«  (4.2- {18.1- (4.3
115.0)  22.7) 36.2) 27.8) 25.9) 11.2)
? 3 %Ag 8&8 § %‘tg} ge{} 3 1'7'? g«ﬁ
{33.9- (8.1~ (15.9-  {5a5 (13.5-  (8.0-
| 29.6) 9.4) 7%.7) 13.4) 23.4) 940)
M 2 11‘1 8“& 2 9.4 — v
(19%7"‘ (vaﬁ;"}"“ (6&1"‘
11.5) 2,6) 2.7
21 2 87 5.8 2 18 -
(545~ {Lu6~ (13.0~
7.9) 7.1) 1646)

(57~ {3.1~
6e0) 3.9}

Figures represont means £ ranges o values
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TABIE XIV

SPECIFIC ACTIVITIES ¢F LIPIDS
OF TiE GUT FRACTIONS
AT VARIOUS TIM® INTURVALS

v COTIRQL, ALLOEAT DINCREATSCTOMIZED
TIME 110, 0. NO.

(days) RATS OOL, P.ACTD RATS OHOL., [P.AQID 12478 CHOL, F.ACID
L) 10 266.4 171.8 5 154.0 126:2 6 175.0 105.8

{(122.8- { 61.2- {101.0- {64084 {118.0 {29.1-
435.0) 320.0) 24L.,0)  190.0) 226.0) 157.0)
2 2 92,3 A2.0 4 101.0 T 4 82.1 166
(89.3- {157.0- (8644~ {376~ (60.5- {29e4~
95.3) 206.0) 107.0) 4549} 12445} 69.2)
L 2  s5L2 8l.2 4 N6 6e2 A 43,0 13.9
{2046~ {2344~ {2345~ {Suds= - (29.2- {8.3-
. T758.8) 12.0) 35.4) 7.8) 61.1) 20.2)
7 2 7.6 07,0 5 22.4 .8 3 19.8 11.6
{3501" {%wE“ (13;2“" {1&5‘* (18.1—- (3«1"
30.1)  127.0) 35.7) 10.8) 20,9) 1345)
id 2 2 BBl 2 6.2
(22*2“ f%. 2w (5 » 5
27.2) FAN )] 70)
A2 2 1831 2 400 2 5.6
(174~ (3549~ (2.8-
12.8) 8L.1) - B4
2 2 106 2.3
{"9.'7“ (13.9-«-
11ed) 29.7)

Figures represont meons I ranges of valueg



TARIE XV

SPECIFIC ACTIVITINS OF LIPIDS
OF THR LIVER FRACTIONS
AT VARICUS TIME INTERVALS
CoaTROL, ATLOXAN PANCRILATS
TIME 10 KC. HO.
(dsys) RATS GROL, F.AOID TS CHOL, F.ACDD RATS CNOL. E.A0DD
0 10 A460.8 8745 5 £5.9 28.8 6 270 29,9

(m“ﬁ (18*9“" (395}'“ (15;5” (29.“‘ (702‘“
760.0) 198.0)  149.0)  43.7) 653.0)  52.7)
2 o] 62.9 102.0 L TS 12.6 4 634 17.8
{57.1- (88.0- (540  (1049- (41s6~ (1643~
68.7) 115.0) 113.0)  15.2) 7549 19.4)
4 2 875 22.3 4 2.1 545 4 51.0 11.3
(27,2~ {19.0~ {3047~ (46~ (32.2- {8e1~
87.33 25.13} : 56,7} 6.1) T4}y  1.0)
7 2 .0 19.7 § 18.9 3.8 3 15.6 545
{27.3=- {130@"‘ (5.&* (1.2~ {Bul~ {3.8-
50.6)  26.5) 30,9) 8.0) 25.2) 640)
1L 2 16.8 14.8 2 > 7%
{1146~ {7 b {Ta5=
22,1)  22.0) 10.7)
A 2 1L 12.8 2 8.5
<3~3Q?' il (1r~..7" (5-9‘
11.6)  13.0) 11.1)
b 2 &6 8.6
(409 (648~
8.3} 10.4)

Figures represent moans X ranges of values



TEBIE XVI

SPECIFIC ACTIVITINS
OF SERUM CHOILESIEROL
AT VIRIOUS TIME TNTERVALS

— CONTROL _ ALIOXAW . _PANCREATECTOMIZED
TN N0 SPECIFIC MO SPECIFIC HO. SPECIFIC
(doyg) RiTS __ACTIVITY Bé»_?ﬁ LACTRVITY :m m_
) 2 10944, 3 72.3 4 138.3
2 2 78.3 4 83.2 4 0.9 -
(WOO""WQ6) (ﬁlb# 3"’131&?) {ﬁﬂé‘&‘B)
& 2 618 2 - 5042 A 56.5
(25.6~97.6) {39.3-57.0) {£7.5-66.1)
7 2 1%.5 3 1746
(13.0-14.1) {16.5-19,1)

Figuwz‘s represent means ¥ ranges of vulues
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tine is dependent upon the amount of motlvity at moro time (%) and the
rate of turnover of the lipids. For any one certain sterting activity,
{activity at t,) the activity at time ¢ {%.t) ig proportional to the turmn-
over of the lindid. For a steady stete gysten in vhdch the amount of lipid
does not change, that is, gymthesis ig eqgual to deeny, the sctivity in the
lipid will decroace ap o first order yeaction, similar to the rediocasctive
decay of nucli&es“ﬁ* This change in aetivity or deecay is represented as
2 straight Iine fumection vhen the semilog of the activity ig plotied
against time. On the other hand, a mixture of muclides, each decsying ab
ite own rate, vill give a hyperbolle curve which shows two or more com-
ponemts, By analogy, if one finde such a non-linear curve for biologleal
deta, it would aovenr thot the asmmed mono-molecular first order deecay of
the radiocactivity moy not be tsking place. To understond the role of glp-
nificance of the varions resctions present in the mixture, this curve may
be resolved into iis components. The longest component is ususlly re-
moved Tirst by spproximeting the straight line to vhich the curve ig
agymptotie; the remeining camponents are then obtained by successive sub-
tractions.

then the moon specific activities given in the tahles were plotted as
a fumotion of timo, woe obtain the revresentotive curves seen in Plgures
5 through lé {pages 71 - 75 snd 81 - 84). 4 straight line wes drown
vherever paséibla; othervise curves vere dremm to best £1t the plotled
points. Sines it wes difficult to predict the mmber of components In
sach curve, we have eriracted only the two longest components from each
curve and have interproted these twmover curves to be composed predom-

inantly of two rate components, & ropld end a glow component.
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sicin for replacement of the cholesterol that is *turning over?, and if the
labelled cholesterol brought into the carcass and skin had a higher epecifis
activity, then a net ingrease in carcass and skin cholestercl specific
sotivities should result. If, on the other hand, the cholesterol brought

into the carcass and skin had a lower specific activity, a decrease in car-
cass and oldn cholesterol specific acstivities should result. The observed
istent increase of specifio activity of carcass snd skin ehwlestercl fractions
peems to indicate that lsbelled cholesterol of high specific sstivity wes
being transported to and deposited in these particular tissuse.

A possible source of this high specific activity cholesterol is eug~
gested, From an inspestion of the tables it is clear that the liver and
gut cholesterol specific activities are five to eight times higher then
the carcass and skin, Thus both liver and gut might be sourees of carscass
and okin cholestercl. However, in relating the high specific activities
of the gut and liver cholesterol %o the latent increase in carcese and
skin, one must also gonsider the fact that all sholesterol transported to
the carcass and aldn must pass by way of the Wood., Thus the direst pre~
cursor of earsass and skin cholesterol would be blood cholesterol. The
cholesterol levels recorded in Tables 12, 13, and 16 ( puges 65, 66, and
69, respectively) indisate that the serum cholestercl sctivity levels are
higher than those of the carcass and skin, but the difference in levels
is mot too great. It is conceivable that #n investigation of free, ester,
and lipoprotein cholesterol activity might reveal one of thess forms to be
the astive transport form of eholesterol, having & spesifisc activity high
ensugh to account for the high epesific astivily precursor.
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Another possible mechaniam to emnleln the latent increase of caroass
end siin eholesterol would bo e comversion of other rediosctive substences
to cholestorol at these sites, bubt dntn on such resctions is lacking.

In the liver (Fimme 8, page '?i;) the rosemblance of all three curves
iz good during the Pirvet Pfour daye only. Figure @ {page 75) shows a closo
eorrelation of the hlood cholesterol levels of the alloxen and nancrestec-
tomizod animalss Flgures & and 9 are considerod together since 1:2%# and
blood cholestorol are thousht hy many to be directly zelsted. I»e‘mys ad
heg even coneidered the liver-plasme system as o lovge compartment with
free cholesterol renidly exchanging between the two tlmsuss. I€ this were
true, then one nipght expect simdlaxly shared curves for liver gnd blood
cholestersl. -

Yhen comparing the liver end blood choleglorol curwes, ane need bhear
in mind thet the blood cholesterol curves represent ¢ time intervael of one
weck aﬂiy and that they may not reflect mny differcences which might occur
in the liver after 2 weck. An inspection of the following t=ble {poge 80),
which was ahotracted Trom Tebles XV and XWVI, revesls that st gers time the
speeilic activities of the liver cholesterol 1z higbor than the blood
cholesterol in the control group (461 vs. 109), in the alloxan growp

{86 vs. 72), and in the pancreatoctomized group (217 ve. 138).



SPECIFIC ACTIVITIES OF CHOLECTEROL

T CONTROL

f da var

0 i3 109 85 72 217 138
2 63 78 Ve, 83 6, 70
4 57 62 42 50 56

These date indicate that plasma choleaterol may be derived from the
liver, However, afber two and four daye the blood cholesterol spocifie
activities are higher than the liver cholestercl at the cortesponding
times, introdneing some doubt on the sole hepatic eontrol of blood choles~
terol. It may be possible that blood is reseiving & swpply of cholesterol
from other tissuos and, as alveady implicated, other tlscucs may be re~
goptors of liver cholesierol.

The fatty acid curves as dopicted in Figures 10 through 13 (pages 81
- B4) arve now considered. The continuwus low specific activity levels of
fatty ecids in the diebetie, the vesult of a decreased gynthesie of fatty
aclde, makes interpretation of long temm turnover of fatly acid in the
disbotie merely speculative, In Figure 10 (page 81}, coneamiﬁg the car-
cags fatty sclds, thove is an initial rise of specific activity in the
control and pencroatectomized curves. In the skin, Figure 11 (page 82),
all three curves again hove this initial rise in specific activity end
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Figure 13
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gll three vresenble sach olther in glope. Iike cholesterel, 4hie latent vise
of speclfic activity of fatty eelds may be due to & trensport from other
sites of gymthesis or & gmihesis from lebeled precursors derived from
other alrecdy formed labeled compownds.

The gut fatty acld curves, Fipguve 12 (page 63), show that alloxan and
pancreatectomized animals behave sinmilerly. The disbetic differs from the
econtrol in having a more rapid decay even though both preparations start
at a2 similar Jovel.

The liver fatiy acids as showm in Figure 13 (page 84) show the con-
trol curve to be resolvable into two components. The alloxen and pan-
createctonized curves reserble esch other but 4iffer alightly fvom the ocon-
trol.

Better to 1llustrate 1ipid twrnover, we have quentitated our observe-
tione by prosenting in Teble 17 (page 86) five paremetors of turnover, the
first of which was derived from Tshle 3 (page 62), and the other four from
the turnover curves. These paramoters are defined sinee thove exists some
confusion of nomencinture in the literature.

1. Lipid lovel: ropresents the mg. of lipid in 100 gm of

tiseue (wet welght)s |

2, Heif-1ife (T4 /j]) refera to the time necessary for one half

of a componant to diseppear. This can be ob-
tained from the graph directly or caleulated

using equations for first order reactions, as

glven:



TABIE XVII
TURNOVER OF LIPIDS IN TISSUES
CHOLESTEROL PATTY ACID
! Control Alloxan Pan-x Contyol Alloxan Pen-x
CARCASS .
Lipid lovel - mg. &£ 148 162 B2 4700 ;20 20
Half-1i0e - daye
2. rapid component 346 hal bel, 10 he2 P
b. slow eomponent 14.0 1.6
Turnover time - days '
8. ropld componsnt 5e2 6.3 643 144 6.0 63
b. slow component 20.2 .7
Per cent tumover/dey
@+ rapid component 0.19 0,16 G316  0.07 0.7 0,16
b« slow component 0.05 0.025
Turnover rete - mg 7/dsy -
2« rapid component 28.1 25,9 25.9 324 615 1)
b. glow component Ted 4eQ
SKIN ‘ s »
1ipid lovel ~ mg. % a2 563 548 10,660 24050 2550
Half-life - days ‘ ; .
Oy mpid Gﬁmpm&’b 3.8 LoD 5:4 11.2 6.0 406
b. slow eomponent 9.2 15.0
Tarnover tine ~ daye
a. rapid component 545 5.8 7.8 16,1 8.6 58
b slov componend 13.2 23,0
Percent turnover/day .
a. ropid component 0.18 0.17 0.3 0,06 0.2 0,17
bs slow component 0.08 0,04
Turnover rate - ng ¥/day '
a. vaoid corponent The2 95.7 Ti.2 661 436 L34
b. slow eomponent 33.0 22.5
H
Lipid level - mg, ¥ 157 154 93 3170 1690 1490
Half-1ife ~ days
2. Tenid component 2.0 2.2 2.0 10 1.2 1.8
be slov component 16.0 24.0
Taraover time - daye :
2, rapid componomt 2.9 3.2 2.9 141 1.7 25
be slow component 23.0 3hab
Per cent turnover/dey
Be rapid component .35 3031 035 0.07 .59 0.38
be slow compamt Q.OI. 9093
Tarnover rate - mg #/dey
a. rapid component 55 - 4177 3246 222 o 566
bs slow component 6.3 L

{continued on next page)



TABIE XVII  TURNOVER OF LIPIDS IN TISSULS (mnﬁnuaé)

g

(! =
ol Alloxsn Ponx

LIVER
Lipld level - mg. 4§ 215 il
Half-1ife ~ days |
2. rapid component 07 2.8
be slow component 7.6 33.0
Turnover tine - days ‘
&« rapid component 1.0 4eC
b, slow component 10.9 &1-5
Per cond bturnover/day

a. rapid component 1.0 025
be slow component 0.09 0,02
Turnover rete - ng &/day
as ropld component 215 52.5
b, slov component 19.4 FAR )
BLOOD '
Lipid level - mg. & 87.5 113.4
Half-life - days F A 2.7

Turnover time - ) 643 368
Per cent tuxnover/dsy 0.16 0.2
Turnover rele-mg #/dey  14.0 29.8

178 2650 2820
1.8 1.6 2.0

17.6
2.6 2.3 2.9
25.3
0,38 0.43 0.35
0.04

67.6 1140 987
106

119.0
2.7
29
0.26

205

o _PATTY ACID
Control Alloxan _Pan-x

2280
2.8

40

0.25

745



By = 2™ ad sy = 1n 2k
Ag = specific potivity st time ¢
Ay = specific activity at time zero
k = fyactions]l turnover constent

:3» Turnover time {Tt}z refora to the time required for the
turnover of sn anount of matorial equal to the
pool sizes Thisg value is obitained by mulii-
plylng the half-1ife by ls44. Bince Ty is the
reciprocal of the fractional twnover {see be-
low), 1% 1s equal to the following:

| Ty = Ty/ln2eTy /,/a.ﬁa:a = 1ok = Ty sa

4+ Por cont turnover/day or frectional turnovers 4is the freetion

of a glven pool twmed over per unit time, It
is equal to:

t = In2/7 Ve
Since k = the reciprocal of Ty, and since Ty
had alreandy been calenlated ag shown above in
3, k wme oblained by the following:

k= 1/7,

3. Turnover rate or gbsolute turnover: Iis the quantity of
material turned over per wnlt time. Here it
is expressed as the mg. per cont per day.

For cholosterol thore are no differences betwoeon the half-lives of the

rapid component of the alloxmm and panevecntectomized snimals in every
tigsue stodied. In comparing the repid component of each tiscue of the



control ond datetic aninals, only the liver and blood tissues differ,
The cholosgterol of the dishetie liver hes a lower turnover rote than the
‘eontrol liver, being 54.5 mp. por cent per day for the alloxan and 67.6 mg.
por cent per dey for the pancreateciondzed animals as compored to the 215
mg. per cent per doy for the control animels. The turnover of only one-
fourth ag much cholesterol vew day by the disbetic llver as compared to
the comtrols may result from 2 lesion in cholestersl tuwmmover By the
dishetie Yiver. In the presencs of o decreased burnover one would expect
an secormlation of cholestorol in the liver. We £ind no accumulation of
eholestorol 4u this tissue, but find e decreased rate of synthesis of
eholesterol. Thus in the dishetic liver of the rat there may be pregent
& decresged gymthesis and o decreased degredation of cholesterol, result-
ing in no not ascumlation.

The turnover of bloed cholesterol ewaluated from the shape of the -
curves of Plgure 9 (page 75) iz tebulated in Table XVII (page 87), but at
thig point 1ittle signifieance is attributed to the differences that are
soen. It is epperent, however, that ths hypercholepteremia associated
wWih dlebotes cannot he attributed te o grossly decreased turnover of
cholesterel in the blood, sinee this wes not found to be true.

In enalyzing the slow coupoment of cholesterel bturnover, & comparison
1s mode between the control and allowon enimals, sinee no walues are
available for the pancreatectomized animals. The tissues of the alloxzan
animals again have a longer half-life of cholesterel then the contrel,
suggesting & decreased tuwrnover of cholostercl. This decreased turnover
by the disbetic probobly would effeet the decreased synthesis we algo ob-

gerved in the diabotic.
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For fotty scids, the half-lives of the fatty aclds of the elloxan and
penerectectomized animals show no differences, but the control and diabetie
earenss, skin, and gut differ in that the twrnover was much faster in the
diebetic, resulting probebly from the increased utilization of fatly scids
by the disbetic. The repid componont of the control liver is eimilar Yo
that of the dicbetie.
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V. SORARY

The following conclusions are drawn from the study of lipid synthesis

and turnover in allommn, pancreatectomized, and control rats, using

14
acotate~1-C ap the radiocactive tracer.

1.

24

A nmethod iz deseribed for the production of experimental disbetes with
alloman, which produced pormansut dlabetes in 85 per cent of the ani-
mals iﬂjm@ﬁg

Experimental disbetes wes found %o cause a redisiribution of body
weights of the rats so that there are more gut and liver end less car-

case and skin in the disbetic as compared to the control rals.

Redisacetete injected into a vat was vepidly metebollszed as shown by
the attaiment of medmm gpecific activiiy of respiratory carbon
aiv:;m‘&a within the first thirty ninubtes after Injection. Alter two
hours, most of the acotete was metabolized. The corbon dloxide ex-
pired b~ the sllozxan end punerentectomlzod mﬁa in two hours &id m:i*b
differ in total amount, specific sciivity, and per cent izxmrgmmt%;n
of lobel, although the mechanism of acetate cxidation durlng the f’}.mt
thirty mimutes wos shown to be sonewhat different, When the pooled
dishotic enimols were compaved %o the controls, it was seon thati, al-
though both groups produced the same emount of carbon dloxide, the
disbetic group produced carbon dioxide of higher epecific activily and

#hns incornorated a higher por cent of the lobeled ceelate.
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From the meagurenments of concentrotions of 1lpld, specific activity,
end per cond incorporation of lahel into lipids, it was found thet the
alloxan and pancreatectonized apimals did not difTer in thelr ability
to gynthesize lipids. Compsred to the control animsls, the disbetic
endmele did not Alffer in tissue cholestercl concentrations, but had
a decreased Tfatty acld concentration. The flialaot:?;c raby also had a2
decrecsed speeific setividy of linides and & decreased per cent incor-
poration of label into the lipids, indicating an impaired sbility to

gyonthesize fobly seld and cholesterol.

The alloxsn and pancreatectomized animels did not differ from sach
other in the measuremente of lipid twmovers The cholestercl of the
dishotic rate had a longer half-1ife than thet of the control, while
the fu&:ﬁy acide of the digbetic tiscues, excepbing the liver, hed a
shortor half-1ife then those of the controls Postulated mechaniems of

1linid trensport end turnover are discussed.

The vogulis of this imvestigation lend us to propose the following
theory of cholestersl metebolign dn the disbetic. We beliove there is
a defect in the mhanism of cholesterol degradation in the dlabetic
rat. According to one of the Pundamentel concepts of physlology, as
proposed by Clende Bernard, any disturbmnce of the chysiologleal state
of an animal wowld result in the asctivetlon of cortain physiologieal
mechenlasss Yo reinstete homeopgtasis. Thus our {inding of a decroosed
cholestorol synthesls wuld indicate cortain compensatory mechanlems
activated in the direction of decreased degradation, snd ouwr flunding
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of normal lewvels of chologtersl in the diabetic rat would Indicele the re-
eatablisghment of homeostatie statos.
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