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The nephuotic ayndeome has been defined as "renal loas of al-
6m£nm¢dtm¢mduuu.&d4émam variably
wmduw‘:./zypu&,wda&mddma”ﬁ} Tt has been
dmmmmeagwwfz)wmem
uﬂzwwldi«aumdamﬁommd/w/ehpmmmdm-
ked proteiruria . Association of the nephrotic syndrome with
oﬁaWc&@a&o&uWWw (3],
didbetes mellitus (4, 5) and amyloidoais (5), and with in-
Lections such as ayphilis (7, 8) ad malaria (9) has been ob-
devel . Tt has also been described as the result of aenal
vein theombosis {70; n}; duug foxicity , especially faom
menaunials (12/ , beed.an;{zj}; and poison oak (14) reactionas
Finally , the development of #his syndrome has been noted duning
the counse of chuonic glomenulonephritio (15-17) and 40 called
"Lipoid nephnosis” of children may on may not fall into this
group (18] .

A similar type of disease can be produced experimen~
Zally in sate either by intravenous injections of antiseum
meaywﬂcdm&ewbd(lﬁoaéyww-
ctaneous injections of 6-&..##1,-%9- .3 ~amino-3'-deoxy~
b-D-nibofuranosyl purine , the anino nuclevside derivative of
the antibiotic Pusmycin (20).

éxmimﬁano{ki@uotiamm&t/zt/u&gﬁtMmpe
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ww&mtﬁe'ﬂpdnqo/uwm of children and in both vari-
eties of experimental nephuosis , a thickering of the basement
menbagne , an incaeade in the rumber of Periodic Acid Schiff

ponedmpldomtAepmmmd onvoluted tubules , and a

decrease in alkaline phosphatase in the tubules (21-23) . Eleo-
imauwamp&dadauo{hdzqmuaw&ww
changes in the Lipid nephrwosis of children and in the amino-

nucleside nephaosis in rats These changes consist of avelling
and cwalescence of the foot pavcesses of the epithelial cells

wvering the glomennlan basenent mewbrane , and an. incrense in
the mumber and aize of the cytoplamic vacuoles mithin these

cells (24-25) .

The data obtained (27) in various experiments auppont
the idea that aninomuclesside acts as an antimetabolite during
the production of the nephrotic syndrome in nats, Anironucleo-
side inhibits the foamation of adenine-iniphosphate {rom in-
organic phogphate and adenosine by braver's yeast (B) but its
eﬁ{edoonowaﬁuiﬁmk&hq/zwemtéwﬂ&dd&
quately 4o far.

Wkammqam(ﬁtf}uuycadmﬂuu
its nephrotoxic effects read from an antigen-antibody reac-
Zion , uw@wdéya,{aumw@?}mdabw

gation of antibody in the renal glomenilus (P) . The specific
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site of antibody localigation and therefore by inference the
localigation of the apecilic antigen(s) is in, oron, the
glonenslan basenent menbame (31, ). There are multinle
glomenslan antigens (33) which are presmed 4o be associated with
mevﬂmwﬂww: capillany and post-capillany
vessels (3% , 35) Aflter injection of AKS antibodies are detec-
ted in various ongans of the body (%) but the clinical picture
of hyperlipemia , hypopaoteinemic , proteiruria , and arasarce.
nesulting from the antibody localigation is referable 1o the hid-
W&wﬁag{ouéeinfwdﬁdtkébummtndmeo{
the glomerdus Lo the site of the most important lesion of AS
disease,

Aften a detailed atudy of AKS nephaosis in nate , Hegmann
and Lund (22) came #0 the conclusion that "o amptoms and counse ,
in zhe deviation of the blood chenistay and in the moaphology of
syndrome a4 obseaved in infants and childeen”,

Jn. onder to elucidate the genesis of hypeslipenia of
nephassis , the experimertal disense produced in aats by the in-
jection of AKS was wsed as a model for the studies herein aeponted,
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Body Lipida

Since the levels of the sevenal Lipids in the blood
mirnon the conditions which obtain in the tisses , ay abnor-
mality which realts in variations in the blood picture is uss
ally 10 be ascribed 1o an alteration of Lipid metaboliam in the
Lissues themselves |

Acooadling 2o Reed et al. (37), nommal aats , weighing
250 6., after having completed their period of most active gaowith ,
had the following approximate distribution in per cent of total
fat in the several fat depots: intaamuscular , % genital , 13;
wbctmeons, 53 peritoneal , 16.4; mesenteric , 6; and omental
26, Fenale rate had somabat larger proportions of subcutaneous

When dnimels are allowed 10 staave to death , thein car-
caddes still contain an appreciable amount of fat , which appears
20 be fairly constant fon each 4pecies (B). The component of
fat used as a source of calories is called the variable com-
ponent and oonsistes almost exclusively of nevtral fat , whereas
the constant components consist predominantly of phospholipids
and cholestenol (%), Tt is believed that constant components
AweummﬁdMO{ﬁcmbp&a,ﬁqmiqu
called essential Lipids (39).
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Adipose Tissue

Adipose tissue constitutes an impontant Link in the
netabolic processes of the animal (40). It has been shown 1o
develop from gpecitic primitive cells which are diatinct from
Libroblasts of the wmective tissue (41), and it has its oun
supply of blood vessels and newves (42).

Adipose tiseue in rats is usually found in the sub-
cutaneous and retroperitoneal aress; it is alewo found in the
medortery , in the mesmetrivm of fanales, and in the epidydimal
fat pads of males (43). Adipose tissue is not Limited to these
aegions but may develop in almost any aneolar connective tissue.
The anount present varies greatly with the rutritional state of
the avimals (43),

Of the Lipids extracted faom nommal luman adipose tissue ,
mone than 99% is triglyceride , only O. 3% is cholesterol , and
leas than 0.1% Lo phospholipids (W), Majon fatty acids present
in aat adipose tissue contain 10 to 18 carbone; (16 and (18 fatiy
acids , saturated as well as unsatusated , fomn by far the great-
est fraction of total fatly acids (45) present in adipose tissue

The metabolic activities of adipose tisse neside pri-
manily in the synthesis of Lipids from different substrates
theix storage , mainly as niglycerides , and the relense of
Lipids as unesterilied fatty acids (46).



Ji is now well established that adipose tisate is able
2o spthesize glycogen ﬂ‘7-49)mdglywal (%), 2o oxidize
glucwse , pyuvate and acetate (49, 51-54) , and to synthesize
long-chain fatty acids from acetate (5 ,55), gluse (2, 53)
and propionate (). Adipose tissve con also synthesize phos-
pholipids (46),

In addition 1o its ability to apthesize Lipids , adi-
pose tissue is Mleo{ml@{dﬂnnawadaﬁauﬁa
(57-59). This uptake has been observed with neteal fat and fatty
acids but not with phospholipids on cholesterol (57). The uptake
1o maskedly influenced by the mdtnitional state of the animal.

Tt is amall in tissues obtaired from fasted animals and greatly
dncreased in Lissues obained from animals re-fed following a
duvdionpedod/ﬂ/.

Regulation of Mobiligntion and Deposition of Fats in Adipose Tissue:

The deposition of {at in adipose tissue and its sub-
sequent mobiligation is one of the major processes in the enengy
metabolian of the animal organien, The bulk of the food fat
(60, 61), as well as a considerable portion of the carbohy-
drates ingested (62) io convented into adipose tisme fat. The
napid mobiligation of fat under various conditions buings about
an acamulation of fat in the Liver (63, 64).



The autonomic newous systen plays an important aole in
negulating fat mobiligution and deposition, Unilateral dener
vation of spmeiric fat bodies results in diminished rate of Lipid
depletion faom the denervated aite duning fasting (40). Spinal
ovad section produces a significant inkibition of fat mobili~
(65). |
paaimimlcmiﬁe&qu[aﬁono{ﬁemb&ﬂwno{{m&yw
Luom adipose tissue (66 , 67), paobably via the release of
mmnqplame{naanwemduw(%} Norepinephrine and epi~
nephnine both have been shoun 2o erhance Lipolyais in vitro
(68, 69). They also enhance Lipolyasis in vivo , as indicated
by an increase in unesterified fatly acid concentration in blood
(70, 71). Korepinephrine has a greater Lipodytic activity than
epinephrine in vivo. The addition of epinephrine %o the incu-
bation medium produces a significant increase in the Lipodytic
activity edtractable from adipose tissue (72). Alter total
adrenalectomy , both epinephrine and contisone are requined o
buing fat mobiligation back o nommal (73). Neither is effective
alone, Jn the nomnal animal , injection of epinephnine Leads
20 a decrease in cancass fat (74) and increase in Liven Lipids
(75).
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Adreno contical hoamones seen 0 have anothen effect on
{at deposition, The depletion of fat stores of adrenalectomiged
animals with restaicted food intake is much more rapid than that
o{nomlanimld(ﬁ, 77) This can be prevented by treat-
ment with cortisone,

The elfect of the anterior pituitary on fat mobilization
is well established, (78 - 80). The hypophysectomized animal
has a higher proportion of body {at than noamal enimals on the
sane caloric intake. At the same time Liver fat levels are
dow (87) and are not increased by fasting (82) as they are in the
nosmal animal , due Zo a relative inability fo mobilize fat from
peripheral depoia,

Jt is probable that the fat mobilizing activities of
anternion pituitary extract reside in growth hormore as well as
in a distinct pituitary traction (83 ,84). The effects of treat-
ment with anterion pituitary etract on purified growth hosmone
on fat metabolim ane essevtially the seerse of those uibsequent
o hypophysectomy. The total fat content of the body decrenses
onomitantly with a net increade in protein. Fat is rapidly mo-
bilized £o the Liver producing a fatty liver (79, 8587) and
ketosis (88 ,89). ATH has also beern shoun. 1o have fat mobili-
Fing effects in both in vitro and in viw experinerts (90-93).

A nev hommone , prepared from the anterion pituitany , which
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omuuamkadimmeo{ﬂuplmmwducﬂd{dfyaddom—
cendration in the rabbit has been reported. This preparation has

6mwdﬁaﬁeedw@o{auﬁeoﬁahmmbz-
mones , and ro other activity cwuld be demonstrated (9%, 95)s
TAmmoﬁaa.quwﬁco’Lpnude audauo{ﬂu existence of
a factoa m.tdbytkepdwo.cptﬁuwﬂmdmdpoaw
4ing marked mobilizing effects on the depot fat (%6-95).

Liver Lipide

The Liver plays an important and unique sole in the
metabolien of the various Lipid components, Hepatic cells have
the ability to apthesize fatty acids (99), cholesterol (99, 100)
and phospholipids (101) , and o incoapoadte these Lipids into Lipo-
proteins (102),

The Liver of nommal aats on a stock diet contains Lipids
amounting 10 35 1o 4% of the weight of the Liver (103). The
date in Table 1 show the distribution of the different Lipid
components in the cell faactions of at Liver (104).

% is cleae that while the faactions vary with respect
2o amunt of Lipid present , tﬁéplzodplwﬁpidupawte{
total Lipid , is quite similar faom one fraction o another ex-
cept for the aupernatant, 7&%0@%&%9{&}0&,
other than newtaal fat , in the supernatant indicates that the




Lipid (omposition of Rat (ell Fractions (104)

Table 1

Fraction Total Lipid % Total Lipi
% Ony Weight Wpﬁ%m—
_ Fat
Nuclei 6 93 45 25
Mito chondria 21 93 55 7.4
Microsomes 2 94 58 0
Supernatant 7 B >9 63
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u.tucd&nlul.gad‘o{.ﬁeluacdlmpm.dyww

Jn another study the composition of Liver Lipids in
aats 7 weeks after weming and on @ diet containing 10% cotton
seed ol was as followa: total Lipid, 519 + 20 mg.; dotal choles-
tewol, 31 + 3mg; unesterified cholesterol , 22 + 0.4 mg. ;
phospholipids , 357 + 6 mp. (105). Linoleic acid seamed 40 be
selectively retained in the Liver and used in estenification of
cholesterwl , and the propoation of fatly acids of cholestewl
estend ownsisting of Linoleic acid was higher than in plasma ,
wheneas the paoportion consisting of arachidonic acid was much
lower than in the plasma (105). The fatty acid components of the
Liver triglycerides resenbled those of the dietany fat 40 o greater
etent than did the fally acids of cholestewl esters, The com-
position of the phospholipids was more nearly independent of diet
than was that of othen Lipids (105).

The adult devels of Liver cholesterod in rats are lower
than those of fetal ox navbomn , Hhough the highest levels ane ob
served around the age of 15 days (106). TAeLLvua{ﬂuMe
aat containe less toial sterwol and the amount esterified is sig-
nificantly lower than in males (107). The weight of the Liven of
an animal starved 4o death is decressed considerably , but there
is no decnease in the dbaolite amount of sterol present (¥).



12

Lipids in foytinecytes

Bun. (108) aqwddﬂwtﬁeb:tal o‘wlatwl owntent
o{uyﬂ&mcytu{unﬁmmd&;wmiﬁq./lw:d. of
packed xed blood cells , with a standand deviation of 5.2 mg.
He also found that all the cholesterol was unesterilied, This
has been recertly confimmed (109). Erickson et al. (170) ae-
ponted that the cholesterol in the ned blood cells of children
averaged 729 mg. %, a4 much as 3% being in esten fraction. The
same workers later neporied (111) that the amount of esterified
cholesterod varied from 0 o 1.7% between animal gpecies Jn a
more aecent study , wsing more reflined methods f772f, cwles-
terol esterns were shoun fo be present o the extent of 5% of the
total cholesterol in the pooled human xed blood cells The fatty
acids of the sed cell cholestersl estens wene satursted in con-
Mihtﬁueo{mo&d«twlm&mbbduyﬁn
cytes no cholestenol estens were detected (113),

Sixty Live per cent of total Lipids in the exythw-
cytes of the nomal adults ane made up of phospholipida (109).
Taiglycenides could not be detected in the red blood cells , ac-
wading 1o Abdértalden (114), Recently however, tniglycerides
were detected in the Lipids of pooled human exythrocytes , though
they constituted less than 0, 3 of the total Lipids (112); this
anount could not have been detedied by the technigues available
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o Abdentalden, lhesterified fatty acids were reporied 1o make
@b&ﬂc{&idl{ni&o{ﬂzidcd& (112).
Bun (108) reported that repeated saline washings of
the aed blood cells before extraction cansed no loss of choles
terol; this was eonfimed by Reed et al. (109) who showed that
repeated washings up 1o 6 times cased no loas of Lipid from cells
Lipids of Leuoocytes

The average values for white cells of women expressed
in mg. per 100 g. were as follows: #&l&p‘d, 1710 + 73 neu-
tral fat, 5% + 5%; total fatty acids,,73 + 65; total choles-
terod, 300 + 60; unesterified cholesterol , 194 + 110 and phos-
pholipids , 802 + 255 (175),
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Plaana anidd.

AUigpuo{Lipid‘MmpmmtiuﬂuMuo{
arimals occun in greater on lesser amounts in the plasma, Al-
tuanapont of fate faom the intestines , the blood is the ultin
mate avewe for the further distribution of these substances to
the Livea and to the fat depots. Jn addition , plaena sewes as
the medism of transfen of the Lipid components faom one ongan %o
awither

The Nature of Plasma Lipide:

The plama Lipids wnaist of fatty acids , necdral fats,
phospholipids and unsaponifichle comporents including choles
tewl , cartewids, and vitamine A, D, Eand K Al the
Lipids are present in association with proteins in the plasna
(176=119), Unestenified fatty acids exist in loose association
with albumin (120 ,121) , and paactically all the remaining lipids
fonn structural omplexes called "Lipoprotein molecules” , with
puoteina, The blood Lipids , which are carnied from the intes
tinal tract in the chyle, are mixed with the blood when the thona
cic duct enptics its cmterts ints the blood strean. The fine
duoplets , which are cmposed langely of neutral fat
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oupimu‘;pwmtiniﬁeo‘yle; are aetained in sudpension in
the biodd as chylomiceons. (hylomicron Lipids also have amall
amounts of protein asswociated with then (122), and, thus, they
can alswo be classiflied as Lipoproteina,

Intaoduction:

Even though assciation of some Lipids wmith paoteins had
been established (116 , 117) it was believed that most of the
blood Lipids wene present in sodution in the blood until the clas-
sical studies of the (ohn group at Hawvard , which involved a
dange-scale fractionation of human plasma at low ionic strength ,
by the use of ethanol-water mixtures at low temperatures (123).
Jt was therefore expected that the Lipids would remain in the
nesidual ethanol-water mixtune from which the proteins had been
precipitated, Hfowever , such was not found o be the cade. The
blood Lipids were identified in two distinctly different types of
Lipopaoteina , which were present in readily separable fractiona
Nomenclature of Lipoprotein Fractions:

Faactionation of Lipoproteins can be obtained by a
variety of methods , eg. , floation in solutiors of verious den~
sities undern centrifugal fonces , migration on electrophoresis on
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pecipitation by ethanol-woter mixtures at low ionic strength,

The (ommittee on Lipid and Lipopaotein Nomenclature of the
Anerican Society fon the Study of Athewasclerosis (124) recommended
that each fraction be described in temms of its method of separa-
Zion , e.g. , 5y classification ie to be confined 2o {lotation
nates of Lipoproteins on ultracentriflixation at density 1,063;

a- and B-Lipopaoieins are 10 be conflined 1o electrophoretic anal-
yois; Lipoprotein separated by the (ohn/faactionction are 1o be
designated by the appropriate fraction rumber. Forturately , it

is possible to relate these diffenent methods (lable 2) (125),

The dow denaity Lipoproteins (LlLy) have o density Leas
than 1,063 and conneqpond 4o the 5P classes greater than 0 be-
canse they undergo flotation and not sedimentation at that den-
aity, Al these Lipoproteins have the electrophoretic mobility
of B-globuling , except the chylomicaone , which have a density less
than 7,006 and the mobility of ap-globulins on stanch (126), The
Lipids of low density Lipoproteins correspond to those of (ohn
fractions 1 and 771,

The high density Lipoproteins fﬂﬁpj undergo sedimen~
tation at density 1,063 on uliracentrilixation , have the electro-
phoretic mbility of ar-globulins and are wsually found in the
(ohn tractions IV and V.
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Table 2

Intennelationship of Various Methods of Lipopaoteins’ Detemmination

(125)
Density Sy | Staroh ohn
4 Electrophoresid Fraction

. 008 20 &> 14107
1.006-1.019 | 12-20 B7 74111 /mLP}
1,019-1.063 | 0-12 Bz 74117
L.0631.125  |HAL, a7 Wy
7, 125-1. 21 #11.3 az Was+y (”apj
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Lc'pi.al | (omposition of Lipoproteins:

TMWoﬁlﬁpdewmmmadddeﬁ-
lyo{tuglgcadamdmuwmao{dwlutwlmdﬂw&
pholipids There is a progressive increase in the tniglyceride
mntaio{lﬂpuﬂzdawiydaamu Jn these low density
#ac&out/teaatw.do{mutaﬁtdﬁ total cholesterol and of
cholesterol 2o phospholipids are conatant forn each fraction but
vary f{rom one fraction to another,

High density Lipopaoteins are particularly rick in phos—
pholipids and have a cholesterod-phospholipid ratio of 0.5, as
compared 1o ratios of I.OMWQ&%eIMdMiygmqo (127).

Protein (omposition of Lipoproteinas:

Avigan , Redfield and Steinbeng (128) detemnined the
amino acid composition of the N-tewminal residues of Lipopao~
Zeins by preparing dinitrophenyl derivatives They showed that in
he 0 1,019-1.063 {raction (LO) glutamic acid appeans £o be A-
temninal , whereas in the D 1.063-1.2. fraction (W) aspartic
acid is N-tenminal, Studies by Shore (129) have also shown
glutanic acid 4o be N~teminal in the 0 1.029 Lipopaotein and as
partic acid 2o be Notemminal in the D 1.093 and 1, 149 Lipopro-
teina nthe D 1.006 fraction serine, glitamic acid and
thaeonine were present in the Netemminal position (Fig. 1),
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DENSITY S, LIPOPROTEIN SPECIES PRINCIPAL
N-TERMINAL AMINO
ACID RESIDUE
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: Schematic conception of human plasma lipoprotein groupings according
to present information. Polypeptide portions of the molecules are represented
by the cross-hatching or stippling shown at the extreme right of the figure for
the predominant N-terminal amino acid residue(s) present. No attempt has been
made to conform to scale. Taken from D. S. Fredrickson and R. 8. Gordon,
Physiol. Rev., 38, 585 (1958).
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Thaeonine was found 1o be the principal (~temminal amire acid of
t/ze//ﬂ.f,, while senine is paobably (-teminal in the A 1,029
traction (121).

o chamioal Studies on Senm Lipopuoteina:

&#umiduduo{lﬂpm{nmdﬁ 6¢¢mt4.90ﬁ.oau5¢
similan 1o each other in various immowchenical reactions , but
ﬁeydcdmtmdmikmt.bod«ab//ﬂ? (10). Middleton (131)
showed that when the chylomicaons were pretrented with Lipase ,
their paoteins would react with antibody 2o Ay
Physical (haracteristics of Plame Lipoproteins:

The HlL, have molecular weights xanging faom 765,000
0 435000 (129). The LL, have much higher molecular weight ,
the lowest being about 2 million and this may increase 20 as high
as 290 million for the chylomicaons (129).

Orcley et al. (132) concluded from their mevsmenents that
the B-Lipoprotein molecule was a sphere with a diameter of 785::,
and that the a-Lipoprotein was ellipsoid in shape with a long
evcuo,{ﬂhgandado&twulao{ﬁﬁ.

Nature of Lipid-Protein (ombination of Lipopaoteins:

There is Little evidence that lipids and proteins on-
dinarily combine with each other through primary covalent Lin-
hages , auch a4 esten bonds "It is quite possible that atrong
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binding of Lipids to proteins may depend upon closeness of Lit,
multiple attachment and matching of polanity that are recwog-
niged fo detewmine the combination of subsirates , inhibitons
and wengmes with engmatically active proteins” (133),

The hypotheais that vanying types of union ocour between
Lipids and proteins in the Lipopnotein is largely based on ex-
traction studies (134) , and on use of cationic soaps (135).
Jn the presence of ether these 40aps assist in solubiliztion of
almost all cholesterd , but not of phospholipids , while in the
absence of ether , these saps precipitate most of the Lipids ,
including phospholipids, Avigan (1%6) found that practically all
of the cholesterol in the 0 1,079 - 1,063 Lipoproteins could be re-
moved without producing any apparent change in the protein nesidue
The phoapholipids , however , could not be ramoved without de-
naturing the protein, On the other hand , the cholestewl in
ﬂte//[lp oould not be removed without denaturing the protein ,

while the phogpholipid could be more easily removed,

Specitic Lipid moleailes in the Lipopaoteins appean o
leave and enter the Lipopnotein macrwmolecule with relative ease
under physiological conditions, (holesteswl has been shoun o
nanafen neadily faom plasma 1o red cells (137) , from chylomi-
wruta//[lp both in viteo and in vive and between high and low
denaity Lipoproteins (18).
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lhesterifiod cholestersl appears 4o ranafer on exchange
much mone neadily than estenifiod cholesterol (18). Phospho-
Lipids also undergo exchange between Lipopoteins (125) and
Lindgren (139) has observed the appanent transfen in vitao
of Labeled triglycerides between various low density classes
James et al. (140) have recently shown that triglycerides from
the fommed elenents of blood are taanefemred preferentially 4o
the Hll, and the phosphoLipids 2o the Low denaity molecules
Stab%g{.?lam[_«imputdu:

Little gpecific information is available on the general
nature of the chemical binding and of the metabolic relation~
ship of Lipid 4o paotein in the Lipopaoteins From the chemical
and physical properties of Lipopaoteins it has been asumed (132)
that the peptide aesidues are on the surface of the molecule ,
whee thein charge will be most available. (alculations based
on protein content , estimated size of paotein molecules and thick-
ness of paotein Lilms suggest that too Little paotein exists 1o
over the entine surface of soluble Lipoproteins or chylomicrons
(141, 142). Herce, phospholipid may alss promote surface stabil-
iy, since it containg a charged group (127).

Lipopaotein Jnterconversions:
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Oun present hnowledge of the chemical nature of the pro-
Zein pontions of the majon Lipoprotein cladses in the human has
been didcussed previously, Jt is apparent that the N-aspartic
acid-(-thneonine (Fig. 1) proteins of HlL, molecules are quite
diflenent from the N-gludamic acid~(-serine peptide chains pre-
daménwting.inﬂteclauo{.slfo-mo{lﬂ. . H isalwo clean from
the work of Shone (143) and fodbell (144) that polypeptides with
N-terminal senine and threonine begin to predominate as the low
density molecules asame highen flotation rates Although the
dargest fraction of the chylomicron protein has N-temninal amino
acid identical Zo that of the protein in Hllp (144 ,145) , it
is not yet knoun uhether this protein is present in on on the
surface of chylomicrons , merely as a polypeptide , orn as pant of
the full high density lipoprotein complexs The cholestewd of
dylomicrons transfers very rapidly to the AL, in plasma on
Lymph (127),

Pierce (146) injected punrified L[l,, of various Sy
classes intravenwusly in rabbits and observed incrensed in the
successively lover 5¢ classes o,l[[lp of the semum in a step-
wise fadhion until S5p 5-15 class was elevated and eventually re-
turned 20 nomal levels Guaham et al. (147) found in the intact
nabbit that hepanin induced a fall in the Sy 20-400 Lipoproteins
and a concomitiant ride in the ¢ 12-20 claas of L[lp followed
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by decline of the latter elass 4o nomal comcentrations within a
fev hours.  The increase in Sy 12-20 Lipopaoteins did not account
for all the fall in S5y 20-400 Lipoproteina Pierce and Bloom (148)
and Havitt g_t__c_z_l.ﬁ#?) obsewved during the disappearance of con~
tisone-induced and radiation-induced Lipenia in aabbits that first
there Lo a fall in the Lightest classes of LUL,, (57 100-400) with
serial ride and then decline in the concentrations of the more
dmaeduaao{[ﬂp; in a atepuise fashion,

Jt Ls safe 10 assume , that conversion of low density
Lipopaoteins of high {lotation rates o others of lower {lotation
nates occuns , and that this conversion depends largely upon a
loas of tuiglycenide., catalyzed by Lipopuotein Lipase
Jources of Plasma Lipids and Lipoproieins:

Neitasl Fat

9t is viatually certain that practically no synthesis
of Lipids occurs in the plasma itself as shoun by Lovelock & als
(19) anong others . It is generally believed that the newiral
fat present in the plasma may originate faom the gastro-inteatinal
tract , the liver, ox from the fat depots depending upon the
state of alimentation ().

Phospholipids
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The experimenial data leave Little doubt that plaswa
phospholipids are langely , if not entirely , synthesized in the
Liver (151 ,152), Recent investigations (153) have shoun that
deucocytes ane capable of inconponating acetate into phospho-
Lipids and thene is a Limited exchange of some phodpholipids be-
tween the cells and pladma,

holeaterod

Acetate is the principal and probably the only common
sinple metabolite from which cholesterod is biospithesiged. (very
canbon. in cholestenol may be derived from acetate (15%), Block
and his collabonatons (155) auggested that chodesterod might be
formed from acetate by (a) condensation #o an isoprenvid wnit,
(6) polymerization o squalene , and (c) eycligation of squalene
2o give cholestenol. Much experimental evidence has since pro-
vided the factual backing Zo the suggestion (1% - 165).

A recently discovered compound B-hydnoxy-fmethyl-~val-
erwolactone was shoun by Tavorinina et al. (166) 20 be convented
2o cholesterol with high efficiency. The name "mevalonic acid”
on VA has been proposed fon this compound, The lactone is the

forn customarily employed in experimenis , since the lactone
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ning opens napidly in the physiological pH range and does noit
close neadily; it is probably the acid fomm which is reactive
(154).

The adninistration of mevalonic acid-2-(1% o in-
Zact rats and mice has been neported to result in wrinany ex~
cretion of almost exactly half the labeled material , and the
conversion of up to 37% to cholesterol~(1% and about 10% o (140,
(167). Theoretical yields on the assumption that one enantiomorph
is quantitatively utilized are 41.7% cholesterod , 8. 3% (05, and
0% in wrine. (onversion of mevalonic acid into squalene and
cholesterod is apparently the only metabolic reaction it under-
goea in mamalion tissues The biospnthesis of cholesterol from
acetate (in contrast to that of fatty acids) is irneversible (15%).

The development of a method of homogenigation of Liver
Zidsue without destruction of the capacity Zo synthesize choles-
terol (168) has made it possible 2o study cholesterol bioayn-
thesis from an enggmological standpoint, Neithen the nuclews
nor the mitochondria are requined (169). The systen requires
Mg, ions , nicotinamide adenine diphosphate (NAD) , niacinamide
(Preamably 4o inhibit the breakdoun of M0) , an energy souce ,
and oxygen o convent acetate indo cholestewl. (vengme A and
adenvsine triphosphate are necessary but need not be added Zo
this aysten (154),



Sournces:

A lhesterifiod (holesterl
AL exogenous cholestensl entens the blood by way of the thoracic
Lymph, When cholestenol-(T was given to dogs by mouth , all
nadivactivity appeaned in the lymph and none in the portal vein
blood (770); the nadioactive cholesterol was associated with
chylomicaons in greater amounts than with other Lipoproteins in
the Lymph (171). Alter entering the blood , the majon pontion
of the cholesterol enters the Liver (172-174). Once it has entered
the Liver , exogenous cholestemsl is metaboligzed in the same way
as endogenous cholesterol ( 175)  Absorbed cholesterol adds quan-
titatively #o ploama cholestenol only duning the persistence of
alimentany lipenia and even then its quantitative effect is slight.
(172).
Almost all tissues synthesize cholesterol to some degree (176) ,
and some of the nauly synthesized cholesterol quickly appeans in
plasma (177). The removal of various ongans except the Liver
howeven , does not significantly alter the plasma chalesterol
aoncentration (177-179) , and it seens fairly well established
that practically all the ploma cholestenold of endogenous onigin
is derived from the Liver (180}, In Liver cells micaosomes
appear 2o be the site of ayrthesis of cholesterl (166,181, 182).
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sedinenting mitochondaia and heavy microsomes (167 ,181). In
fact , an extract made from Liver cell mitochondria after break-
ing them with uwltrasonic vibaration was shown o inhibit the hepatic
ypthesis of cholesterol both in vithe and in vive (182 ,183).

B (aterified (holesterol
Spersy (184) reponted that incubation of human senm for several
days prodices an increase in the estexified fraction. I i,
however , still not clear whether this is the physiological method
of fommation of these esters
Caterification of cholestewld can ocan in Liver in vivo , as
may be infexned from the napid appearance of cholestenyl-(T4 esters
.inl.iyma#utﬁeaddnid&aﬁnno{acdate-cm (177). However ,
evidence exists suggesting that in rommal rats a large proposation
of plaama cholestenol estens anise from extrahepatic dources
(185 ,186). Of the cholestewl absorbed from the intestines ,
60-80% ia esterified before neaching the thoracic duct and being
delivered 20 the blood (171); since the exogenous cholesterol mixes
in the pool of cholesterol in the gut before esterification and ab-
sonption (187) , and since aften absonption the dietary cholesterol
is asamed o be metabolized in a manner identical o that of the
endogenous plasma cholesterol (154) , the relative contributions
%o plasma cholestewd esterns of nommal aat by the liver and ectro-

hepatic tissues are difficult o edim.téatpaaed.




Lipoproteinas:

Seum Lipoproteins are known o exist in e spectum of
varying density , {.wmvuylwdmatym&adatzdxybmwu
composed chielly of triglycerides Hrough venious classes of LlLp
nelatively rich in cholesterol 4o HllLy in which phospholipids are
prominent, |

As has been discussed ealier , the Liver seams 4o be the
paincipal sounce of endogenous Lipids present in the semm , and
it has been asamed , but not proven , that the Liven is also the
Mwmo{ﬁemt&midgoﬁﬁeamupapmtm Jh~
oorporation of labeled amino acids by perfused rat Liver and rat
Liver slices into proteins with densities similan o those of seum
Lipoproteins has been neported (188 , 789/,

Net aynthesis , by isolated perfused Liver and Liver
slices in vitw , of low density (190) and high density (197)
Lipoproteins , immurochenically and in amiro acid composition
identical o the plaaa low and high denaity Lipoproteina , has
been repoated. Jt Huis seems quite probable ithat paactically all
the plaana Lipoproteins are spnthesized by the Liver,

Fate of Plasma Lipida,

-

(ylomicasna:
Ohce ciylomicaons enter the blood , they are noamally
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napidly aemoved , although o tnamsient rise in total blood faty
acids is a nomal acompaniment of modenate fat ingestion (192),
The metaboliam of chylomicaons containing isotopically labeled
Lats on protein , and obtained from Lymph of donoa animals- fed
appropriate precursorns have been recently studied in many labore-
tonies Havel and Frednickaon (193) obseved that over 90% of
the radioactivity injected in the foam of palnitate-1-(14-
ontaining duylomicrons disappeared from the blood at an exponen~
tial aate in aesthetized dogs , and the early rates of disap-
pearance were inversely proportional to the load of Lipids in~
jected (18). This has aleo been observed in aats by French

and Monnis (194 ,195). During the removal of the labeled chylo-
micwn iriglycerides , it was obsewed that the labeled fatty
acids rapidly appeaned as unesterified fatty acid (193} Over
hall of the chylomicaon triglyceride fatty acids are directly
oxidized and the tranaport of triglycenide fatty acids in the
unesterified form is not a necessary otep for thein oxidation
(195). The apid oxidation of the fatty acids in chylomicron
tniglycenide also has been dewnstrated in the rat by Moaris (196)
and by Buagdon (197).  French , Moaris and Robinson (195) have
noted that hepatectomy caused a delay in nemoval of chylomicrons ,
and after injection of labeled chylomicrons most of the aadie-
activity was noted in the Liver and amall amounts in spleen ,
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hidneys , lungs and depot fat , in descending onden.

Although it seemns well established that intravasculan
hydrolyais of chylomicrons does occun , the evidence obinined faom
animal expeniments is againat the necessity of intravasculan hyduo-
dysis operating in the nosmal removal of chylomicrone, (121),
However the ramovel of chylomicron Lipid from blood is acceler-
ated by Lipoprotein Lipase (195).

Lipoprotein Lipase:

The enggme Lipoprotein Lipase isolated from plamma ,
adipose tissue and myocandium (198-200) appears % be identical
2o cleaning factor Linst observed after injection of heparin into
Lipemic animals (201-203). |

Follouing the observations in vive and in vitao zhat
post-heparnin plasma contained a factor which culd decrense
visible Lipenia in blood (207,204, 205) it was demonsinated
that such cleaning was the realt of hydrolysis of triglycerides
in the lange , Light scattering , triglyceride-aich Lipopmitein
(198 , 205) with the acceptance by the semm albumin of the fatiy
acids neleased by hydrolysis (206-208). Beyond the fact that
Aqominappwﬁa{ommma&t&dpado,{ﬂmmyumpla;
nothing further is knoun about the manner in which heparin cawses
dipoprotein Lipase activity %o appean in the blood , presumably
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'4pilling out' faom the tissues Lipoprotein lipase acts speci-
Lically upon the ester Linkages in triglycenides (143) , not at-
Zacking the cholesterol esters or phospholipids. The enggme is
abaorbed Zightly 2o the surface of chylomicrons (209) and it is
possible that o Lipoprotein, 4pecifically high density Lipo-
protein may facilitate this bond and thus serve o 'activate’
particles of uWowde for engmatic hydrolysis (198 , 199).

Spontaneows activity of Lipoprotein lipase has been
observed in certain strains of nats alter fat [leeding (210]
such activity being increased by removal of Liver from the cir-
cdation (211). The impontance of its aole , under physiological
onditions , in clearning the chylomicron Lipid from circulation
is not clearly established,

holesterod:

The team "turnover may be defined as the rate of ae-
placenent of the moleciles of a body constituent or the rate of
disappeanance due to metion; and metabolic convension into
other substances. Jn the stendy state these o rates will be
e .

Tumover in plasma , strictly gpecking , rellects the
rates of entry into and exit from the plasma but has been monre
Loosely applied 4o inelude synithesis and degnadation in plasma
tissue pools, Wﬁmalabdedazbmeuin;edwlmgwulg,
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the early part of the time counse of disappearance from plasma
has been thought to nepresent "mixing” within the vascular com-
pantnent , and , "exchange” between it and the extravasculan com-
partment in which the injected material rapidly equilibrates
Mixing within the vascular compariment for most purposes can be
considered 1o ocour instantanesusly (less than 2 mirutes). Since
metabolic degradation takes place only intrnacellularly , exchange
is the only kind of turnover that goes on in the plaama propenr.
The part of the curve uhich has been considered to represent
mixing of the injected material into the plasma-iissue pood , in
fact neflects the process of "equilibaation” of the specific ac-
tivities of the injected material in the plamma and tissue com-
partments of that pool. This will depend largely upon the nate
of entry into the plama from the tissue and rate of exit from
plasna 2o the extravasalar compartment of ithe plasna-tissue pool,
Jn the case of cholesterol, exchange between Lliver and
plasma is rapid compared 2o the aate of its sypthesis by the Liven.
The turovenr rate of the plaana cholesterod can be calculated from
the aapid phase of the disappearance curve after intravenous in-
jection of (14-cholesterol labeled Lipoproteins and the tumover
nate in the plamma-liver cholesterod pool is calculated from the
alower phase of the same disappeanance curve. These assumptions
have been validated by Zilveranidt (212) uhile working on plama



#
Lecithin , which Like cholesterol is denived mainly from the Liver
and has a aapid exchange aate betveen Liver and plaana.

Jh the fasting state the liver is the principal source
of plasma cholestenol (177-179) and in the steady state the aate
of production must be the same as the aate at which cholesterol
disappears from the plasma~tissue pool.

(Cholesterol enters the plasma either as chylomicions on
s a component of Lipopaoteins from the Liver. The cholester!
which Lo absorbed from the intestines becomes indistinguishable
from that apthesized in the Liver (175). lhesterified choles
terod from the Liver eguilbaates with that of the plasma which in
its tumn equilibrates napidly with that of ewpthrocytes (177).

The transfommation of unesterified #o esterified choles
tenol is, as companed o its exchange with Liver and expthrocytes
a zelatively slow process Absorbed cholesterwl becomes partially
esterifiad during absoaption , presunably in the intestine ,
whereas endogenwus cholesterwd beoomes esterified in the Liven
and poasibly in the plasma and othen tissues (154).

(holesterol-(% introduced into the body by feeding,
intraverous on intagperitonenl injection , mixes with that in Liver
ard expthuocptes aapidly , and a Little mone slowly with that in
other viscera The specific activity of cholesterol in hidney ,
Ling , heant , intestine and diaphragn neached half that of plaama
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in 1-2 days ( in dogs) and in adrenal gland , aonta and skin
considenably mone slowly (213). Overall metabolien of choles-
Zewl in aats coneiets 2o a very large extent in oxidative re-
moval of the temninal 3 eanbon atoms of the side chain and even~
tual excretion of the nemaining 2 canbons (214, 215), as fecal
stewols (103) , as fecal bile acids, (85%) and in the unine,
presunably as steaoid hormone metabolites (1%) , (154).

Some Factors MCAOWZ Biosgithesis , Twanover and
Distribution in Tissuess

Fasting:

Chly a slight decrease was noted in the rate of he-
patic synthesis of cholesterol in the intact rat aften 24 hours of
fasting , but after 48 hours of fasting the rate of synthesis was
half of the control value (216),

(folesterod biosynthesis appears 1o be sensitive 1o
2he ruitritional state of the animal , particularly when estimated
by in vitao methods, Presence of glycwgen stones in the Liver are
essential for hepatic synthesis of cholesterod (181),

Phospholipid and Taiglyceride Injection:

Tt has been shoun that a change in the plama levels
of any one of the three classes of Lipids , triglycerides , phos-
pholipids and cholesterod , usually is associated with changes in
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the others Frieduan and Byens (217) reported that sustained,
elevated Levels in plasma of txiglycenides and phospholipids
increased the plasma cholesterol Level in nats from 0 - 60 1o
80 -128 mg. % Jn a second study similan effects were prodiced
by injection of soya bean Lecithin emulsion (218).

A'Sa_‘:ﬁa’,a:
Jh human nephavsis and antikidney semum disease in
nats , hyperlipenia and hypercholesterslenic are marked features
Literature relevant o the genesis of hyperlipemia in this con-



Hyperlipania in Nephrosis

Introduction:

The most ataiking manifestation of the disease in man or
eperimental animal is loas of albunin through the diseased hid-
ney in amounts sufflicient to lead £o a marked decrease in its con~
centaation in blood. Thus most of the experimental wonk in the
genesis of hyperlipenia has been done in relation o changes in
metaboliam of albimin in the diseade.

Seum Lipids and Lipoprotein Alterations in Nephrosis:

Whmnq@w&mmpn&;duadbﬁmlmﬁty;
an incrneaded concentration of semm cwlesterol was observed as
a wnsistent feature of the ayndrome (219), Later it was found
(220),

A relative and absolute reduction in "a" Lipopaotein and
a masked increase in "8” Lipoprotein cholesterod on aloshol frac-
tionation of seum proteins , were found by Barx , Russ and Ele
(221). Kankel and Slater (222) observed that the major Lipow
paotein had a mobility intemediate between & and B components
of nomal sera , though in chemical composition it resembled p-
Lipoprotein, The abnommal pattean of sewm Lipopaoteins by zne
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electrophonesio was , in part , a result of increased quantities
of wnesterified fatty acids bound to the Lipoproteina in neph-
a04is (223). Gofman , Rebin, McGinley and Jones (224) noted in
nephaotic children #hat all classes of L, studied by then in
the analytical ultracentrifuge (5S¢ 0-400) were incrensed

In % hospitalized patients the concentrations of toal
chwlesterol , phospholipid , triglycenide and total Lipid wene
related inversely and ron~Linearly to semm albumin Levels,
Cither on both of the D L 1.019 and the 0 1.019-1.063 {ractions
of LU, were abrommally large; hovever , a masked increase oc-
cured in only one or the other of the two fractions in any
one cade. Jn cades where decneade in albumin levels was noi
great the increase was paincipally in D 1.019-1.063 Lipoprotein
fraction , whereas severe nephmosis was characterized by high
devels of the ) < 1.019 Lipopaotein fraction and asubrommal
D 1.0531.21 ( High Density) Lipoproteins (225).

Hepatic and Fxtramhepatic Depot Lipids in frperimental Nephnosis:

Aepatic and extro-hepatic fat depots were companed in
nephrotic and control rats by Heynann and Hackel (226), Uhen
the oontrwl animals were housed , Like nephrotic aats , one 2o a
AnaLlaa;e, i&ew{dvdaa&dmtd&{{abeﬂnmiﬁéﬁw
groups , whereas Liven fat content was significantly lowen in the
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nephuotic avimals, These newrlis diffen from those obtained by
Mansh and Dacbhin. (227) and. by Rosenman , Friednan and Byers
(28). Mansh and [rabhin found Liver cholesterol o be incaeased
wherens extra-hepatic fat depois were markedly decreased ; how-
ever these studies were done on a amall group of moribund ani-
mals , and thus the animals probably had diminished intake of
food, Rosewman , Friednan and Byers found both the hepatic and
extaa-hepatic cholesterol to be nommal in well established neph-
rotic syndrmome of moderate severity,

Safiran and Kalant (229) found a progressive increase in
hepatic content of cholestenol during the induction stages of
nephrosis , while cancass Lipids remained nomal. Hypertrophy
of the Liver accompanied by a rise in both aiborucleic and dev-
xyniborucleic acids has been observed in nephrotic aats (230).

Uninany Lipopaoteins , Proteins and Lipids in Nephaosis:

Plasma albunin is the main , but not the only protein
in the urine of nephaotic human sbjects (231). Lipoproteins are
also lost thaough demaged glomeruli in patients with proteinunia
of ay etiodogy (222). Pant of this filtered Lipoprotein is then
neabaorbed by tubulan cells, Ih eperiments with anphibians ,
danage 2o glomeruli was found 1o be a neceddary antecedent o ap-
pearmce of cholestersl in the wrine (233) Some of the cholestersl
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ester which enters the tubulan cells is altered fo an aniso-
tropic state and re-enters the urine either as the material
extuded from cells on as aloughing tubular cells, The aniswo-
tropic material , which is composed langely of cholesterol ester
with o analler component of unesterified cholesterol , appeans
in the unine sediment as the 'l e (roas" bodies (234).

The nephaotic unine also contains some cholesterod and
othern Lipids ubich remain in ithe supernatanit presumably as Lipo-
prodeins , on gpinning doun the sediment (234).

Electrophonetic pattens (Figd) demnstrate that in
experimentally nephrotic rats , in addition to albumin , the
dow molecular weight globulins such as the mucopaoteins and
siderophilin also can traverse the damaged glomemnlar filtering
manbrane (102). Low density Lipoproteins , with moleculan weights
of the onder of 1,000,000 were absent from the pooled nephrotic
wrine , 6u,t//[¥.p, with an average molecular weight of 200,000
were present as detenmined by ultracentrifugation analysis (102),

The daily loas of albumin in urine of nephrotic aats may
anount o twice the total circulating albumin of noamal rata.
After intravenous injections of (14 glycine into rats the gpe-
cific activity of plama and wrinary albumin were found o be
simidar , thus it was concluded that urinary albumin is derived
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Fig. 1.—Electrophoretic patterns of normal rat plasma after 120 minutes of migra-
gration (top) and nephrotic rat urine after 90 minutes of migration (bottom).

The arrow indicates direction of migration. The svibol A is for albumin, a,,aq,
X, B and y for the globulins. X, probably a beta globulin, is usually not indentified
in human plasma (cf. ref. 2). It should be pointed out that the electrophoretogram of
the urine was made on the fourth day of the experimental disease, when the con-
_centration of albumin in the plasma was verv low. These electrophoretic determina-
tions were made by G. A. Braun in our laboratory.

Figuze 2
Taken foom Maash , .B., and Deabhin , David L.,
Metabolisn 9:946 (1960)
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{rom plasma (227).
Metaboliom of (holesterod and Other Lipids in Experimental Nephnosis:

Gastro-intestinal tract:

Ewgenous cholesterol , absonbed from the intestinal
tract , i trangpoated into blood by the Lymph of the thonacic
duct, By means of thonacic duct canrudation and subsequent Lymph
wllection folloming stomach feeding of 7100 mg. of cholesterol
dissodved in olive 0il , it was found that the nephrotic rat has
a diminished rate of cholesterod absorption. This could not be
ascribed to a deficiency of Lymph flow on of bile in the intes-
Zinal tract (235). However , feeding excess cholestewl to the
nephaotic rat intersified its hypercholesterolenia (2%) and .in-
creased the hepatic cholesterol (23]). A similar phenomenon
was also seen in noamal rats though the increase in plasma choles~
Zenol was not as great as in nephrotics on the same diet (277).
When nats on a fat and cholesterod free diet were injected with
AS , zhe increase in the cwncentaation of plasma Lipids was
greater than that observed in rats fed a stock rxation before the
injection of AKS (2%). The fecal excretion of cholesterol and
total Lipids in nephnotic rats was no greater than that of noa~
mal aats (28).

Liver - Byens et al. (259) studied the "hepatic aate of spthesis”



43
of cholestenod at 2, 5 and 14 days aften the last injection of
AS , in onder to determine the cholesterol synthesis duning the
 eandy and "chronic” stages of nephaosia.  The resuilts denon-
strated either an unchanged on a diminished hepatic synthesis of
cholesterol by the nephrotic aat. The assesment of hepatic rate
ol synthesis of cholesterol was made in these studies very in~
directly from the amount of cholesterol excreted in the bile
The role of Liver in nephrotic hypercholesterolenia was further
investigated by this group (240) and they observed that hyper~
cholestewlenia could not be correlated with any accumulation of
Liver cholesterod and also could not be ascribed to any failure
of hepatic conversion of cholesterol 2o cholate on to any ab-
rommality of Kuplfer cell function. Fn increase in the ploma
devel of bile acid (cholate) in experimental and human nephrosis
/MI}WWmabmmstyinmdaboM of cholestenod in
the Liver , but may also be secondony to an increase in the choles-
tenod Levels of plama,

The hepatic onigin of plasma cholesterol and plasma Lipo-
proteins is well established for the nommal animal (242) and it
is quite neasonable 2o lind a similan metabolic patiemn in the
nephaotic nats as suggested by a decrease in plasma Lipids after
partial hepatectomy before on after induction of nephrosis
(243, 244).
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Studies done on Liver slices in vitro give very con~
flicting results, Hepmarn et al. (245) studied the incorporation
of ("4 labeled acetate into Lipid by Liver slices from noamal
nats and from aate duning the induction phase of nephrosis , ie.
8, 2% and 48 houns after the injection of AS. The values in
nephuotic aats were uithin the nomal aange. Marsh and Daabhin
(227), waing Liven slices from gravely ill nephrotic aats with
depleted glycogen stones , found a decrease in the rate of incor-
poration of acetate into Lipids by the Liver, Ffowever , studies
done on modenately severe nephrotic rats , 48 hours after the in~
duction of nephrosis , demonstrated a definite increase in hepatic
nate of sypthesis of Lipids (26). These nesults were corrobonr-
ated by studies in vivo of incosporation of labeled acetate into
cholesterol; nephmotic nats studied up do 48 houns after the in-
jection of AKS demonstrated a marked increase in hepatic syn-
thesis of cholesterol, This is in agreanent with the findinga of
Satwan. and Kalant (229),

The hepatic Lymph is a diffusion product, When a load
of Lipids in the fomn of hyperlipenic rat semm is injected in-
%o a noamal animal , the cncentaations of cholesterold and other
dipids in the hepatic Lymph are napidly increased but in neph-
#osis despite murked hyperlipenia and hypercholesterolania the
hepatic Lymph levels of Lipids including cholestersl, nanain
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unchanged (247).

Bilateral nephrectomy prevented the deveolment of hyper-
Lipemia in rats injected with AKS (24). A canelation between
the severity of the hyperlipania and the quantity of disensed
nenal tissue was indicated by the Linding that hyperlipenia was
decreased progressively by removing one and then the othen hid-
ney. The level of hyperlipenia was less in rats with unilateral
renal disease than those with bilateral renal disease.

When AKS was injected into bilaterally nephrectomiged
nats , the rise in cholesterod was only the same as that which oc-
cvuned in contrwol nephrectomized animals (243). Ligation of the
nenal pedicles on uretens produced identical results in both nor-
mal and nephrotic animals, That the aise of Lipid and cholesterod
in the plasma of the AS injected animal was not due to the acute
nenal. injuny pen se , was shoun. by the Lack of rise in plasma
dipids when a ureterovenacaval anastomosis was established prion
o injection of AKS (243).

h nephrotic aats the intraperitoneal administration of
non-protein containing aat wrine decreased the hyperlipenia al-
most as regularly and markedly as when protein-containing nephrotic
wrines wene wsed (248).



Blood:

Roserman et al. (243) inferned from their data that the
exceds of cholestewd and Lipids in the nephrotic state is due o
an acamulation which is confined #o the plama and cannot be as-
cribed 20 any change in the aninals’ waual modes of sythesizing
absonbing , excaeting , on, metabolising cholesterod. The clear-
ance of (T4-labeled trilaurin , adninistered intravenously in
ﬁe#mo{aqufﬁdécmddonmmwinﬁyeaqoﬁmﬁé
nats studied (28) ; however , when triglycerides were injected in
physiologic state as chylonicaons , a manked decrease in the nate
of their clearance was observed in Hwo independant studies (229,
249). The delay in cleanance of chylomicronas in nephotic animals
ould not be corected by adninisteration of bovine albunin (249).
n anothen study , clearance of intravenously injected sodium
palnitate-1T* bound 2o albunin was found to be rommal in four
nephrotic rats (229) though aeappmmceo,{,in}eotedcﬂ’- -
mitate in the circulation , after esterification was markedly in~
creaded in nephrosis

Roserman and Byers (250) studied the metaboliam of he-
parin and Lipoproein Lipase in AS nephaotic rats. There was
no abnoamality in plasme disappeanance rate of exwgenous heparin ,
no was there any diffenence in Lipoprotein Lipase reqponse be-
tween nommal and nephrotic rats. The cleaning ability of post-
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heparin plasma from nephuotic aninals vas found 2o be nonal ,
whenoas Seifter and Baeden (251) had presented data suggesting the
presence of an inkibitor in the nephaotic semm to the Lipopro-
zein Lipase cleaning, Lastly , no abrommality was detected in the
ability of nephrotic plasma Zo suppoat Lipase-induced release of
unesterilidd fatty acids from a iriglyceride abstrate sugpended
in such plasma (249 ,25),

Metaboliam of Proteins in Nephaosis:

The daily loas of albumin in the urine of nephrotic rats
wwwmttomuﬁmtméaz‘ketoidc&adaﬂngdb@o{
oontaol rats (227). (vidence that the wrinany albunin represerts
nealy aynthesiged protein was obiained from the observation that
ot the injection of glycine-2-('*(227) the specific sadio-
activity of urinany protein in nephmwotic rats was several Limes
higher than that of the plama albunin of the nosmal rat. These
neslts aloo indicated that the synthesis of plasna albunin in the
nephaotic rat was accelerated. This was later confirmed by the de-
monstration of an increase in the synthesis of albumin in Liver
slices from rats with experimenial nephrosis (252).

Gitlin et al. (253) nepoated that in several childnen with
nephrosis the major metabolic alteration encountered was an in-
creade in the aate of albunin cataboliom , with Little alteration
in the rate of apithesis, Since these authons employed 1737-
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labeled albunin , the interpactation of their results is made
difficult by the possibility that 1737-labeled albumin may not be
catabolized in the same manner as noamal albumin (254). Gitlin
and (onrewall (255) also deduced an incrensed spthesis of B Lipo-
proteins in nephotic children , again using Lipoproitein labeled
with 71177,

A increase in the synthesis of protein moieties of low
density (190) as well as high density (191) Lipoproteins by neph~
notic Liver slices on isolated Liver has also been demonstrated
necently,

{pdo crine Glands:

(ortisone and A(TH are reponted £o have a benelicial
effect on the nephrotic ayndrome in children (25%). The mecha-
niam of these actions is not known , but studies have been done %o
deternine the effect of various endocrine alterations in the nephao-
2ic rats.

Hypophysectomy or adrenalectomy of animals before in-
;edinna{%mdtdmdmmdpmim, but hyper~
Lipenia was similar in degree #o that of the wontrol animals (257).
Adrenalectomy after the injection of AKS resulted in a slight de-
creade in proteinunia , but had no effect on the cwunse of the
disease. The nephrotic hyperlipenia was not affected by hypo-
physectomy on adrenalectony in established nephwsia Hovever,




49

in another study, hypophysectomized rats developed severe hypo-
albuminenia after injection of AS but only mild hyperlipenia (258),
Injection of A(TH into nephrotic rats nesulted in a decrease in the
blood concenitration of triglycerides (259).

Rosenman. and Smith (260) studied the effects of altered
thynoid function on plaana Lipids of experimentally nephrotic
nats. Acute adninistration of exceds thyrwid to rats with es-
Zablished nephaosis did not produce any effects; however, il
nephrosis was induced on a pre-existing hyperthyroid state it
nesulted in a greater increase in blood Lipids than nommal rate,
Pre-exiating hypothyroidian depressed the production of hypen~
dipenia on induction of nephrosis. (h the other hand, the effects
of thyroidectomy and thyroxine seplacement therapy on semm choles~
tenol were qualitatively similan in nomnal and nephrotic rata (261).



Theonies of Hgperlipenia.

Introducition:

fh increase in the aate of entry on a decreade in the
rate of removal of Lipids faom plasma can lead o progressive hyper-
Lipenia until there is an egqual change in the rate of exit on entry
negpectively, 40 as to result in a nav steady state lipenia at
a higher concentration. The Lipids entering the plasna may be
directly derived from exogenous sources on synthesized de novo
endogenously,

Jncreade in the rate of entry as well as a decrease in
the nate of exit of Lipids from plasna have been invoked to ex~
Incnensed Sythesis of Lipids and Thein finy into Plaana

fh increase in hepatic synthesis of cholesterol and fatty
wdaﬁubemngooatdmﬂ_v_‘t_.vo (246,229}@:091.[“1::,’&
vitno (26) studies during early stages of AKS nephrosis, though
earlien studies (227,229, 245) had indicated either diminished
on nommal rates. Ao has already been pointed out the concluaions
dram from these eanly studies /acep.té/w.deaf//eymnff_gé}
(245) ane questionable, Recently,increnses in the synthesis of
Lipids as well as of the protein moiety of Lipoproteins have been
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Mmbym&uonwwdwmmwmmm
nephaotic nats (102, 197).

Marsh and Drabkin (102) implicate the paoteinunen as the
causative facton in the development of hyperlipemia in nephaosis.
They suggest (102) #hat there is a generaliged incrense in hepatic
synthesis of a whole gpectum of plasna proteins in reqponse to the
protein loas in the urine of nephrotic animals. Thie increase in
synithesis of proteins by the liver is just able 2o maintain plasma
devels of moast of the plasa globulins which are less readily
doat in the urine, but cannot compensate adeguately for the mas~
aive dosses of plasma albumin. Plaama Lipoproteins, particulanly
L, cannot filter thaough the damaged glomenuli on account of
thein mleculan sige, s0 their concentration in the plasma riseas.

JIncrease in Mobilization of Lipids from Depots and Their (niny
Jndo Plamma:

Drabkin and Marsh (227) noted a marked decrease in car~
gation of Lipids from extra-hepatic fat depots was responsible for
dipenia of nephrosis fHowever, the diminution of cancass fat
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was later attributed to the monibund state of aninals , resul-
Ling in lack of food intake (226). Saffaan and Kalant (229),
Lrom thein studies , also concluded that mobilization of car-
cads Lipids did not account fon the hyperlipenia of nephrosis,

Decrease in the Rate of fxit of Lipids from Plasma:

Jt has been proposed (262) that hypoalbuninenia initiates
and maintains the paoceass both of hyperlipamia and hypercholes-
terolania, Albunin i4 an essential comporent of the lipemia
clearing process (207) and the hydrolysis of plasma fats is mon-
kedly inhibited by the absence of adequate amounts of plama al-
bunin with available binding sites fon fatty acids (207), Leading
2o accumulation of neuwtral fats in the plasna. The increase in
oncentration of plama newtral fats secondarily produces hypen~
cholesterolenia, (onsidercble data has been marshalled in suppont
ol this hypothesis , as follows:

7. When suflicient albumin was given to AS-injected ats
2o overcome the plama deficit , hyperlipemia and hypercholestero-
denia were either prevented on mankedly inhibited during the in~
duction of nephrosis , as well as anelionated in the previously
established nephrotic state (262),

2 A close inverse relationship between the lowered albunin
and elevated Lipid levels has been roticed in children with
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nephwoais (353). A nise of plama albunin , when induced by ATH
in nephroitic patients , is associated with a fall of plasma cho-
lestenol , negandless of the pattem of diunesis (X64). During
clinical remissions in nephrotic patients it has been observed
that dhifts of plama cholesterl and albunin occur together ,
both neaching nommal levels neanly simultaneously (265).
3 Jn most of the conditorns associated with albunin losses
from the body , hyperlipenia also ocours; examples are repeated
plama loss from animals (266) , patients with severe proteinuria
die #0 constrictive pericarditis and renal thrombosis (¥7)
dogs fed low protein diet (268) , and animals made proteirunic
by a nephrotoxin such as wwanivm (29).
.7na4u64equa2i4ﬁdg(270}, the group advocating hypo-
albuninenia as the sole canse for incrensed Lipid concentrations
in blood , modilied thein viavs in view of the following obser~
vations They noted that heparin was found to inhibit the rise
of plasma Lipids and chelesteaol in experimental nephrosis, Such
inhibition was marnked when heparin was administered prion 2o on
inmediately after the injection of AS , but of much lessen degree
when administered Zo the chronic nephawotic rat with established
hyperlipenia (235). Infusion of bovine semm albunin (%62) was
far mone effective than heparin in preventing and cwrrecting the
hyperlipenia of nephosis in rate However, the infusion of
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albumin was not found capable of completely nommalizing the plasma
Lipids of the nephrotic animals unless they were concomittantly
nephecctomized

It was found (270) that heparin adminietration induced
only a minimal Lipemia clearing reqponse in severely hypoalbumin-
enic rats , uwless albumin was adninietered simultoneously. The
mwmno{hmmkdlyw.ﬁed&iy
of infused albumin o cornect Hhe hyperlipamia and hypercholestero-
denia of the nephaotic rat. Thus it was suggested that in addition
&Me{p&mdbﬂn,a&md{ac&nmdu@i@
nephrotic hyperlipenia may be the renal loss of "clearing factor”
on some co-facton easential o the Lipolytic process |

In apite of the loss of "clearing factor” and deficiency
of albumin in plasma , iheappmo,{uppmteinu,o@em
aegponse o heparin and its cleaning effect in nephaotic animals
wese found 2o be nomal (290). ‘hjection of heparin in nephuvtic
animals increaded the agte of cleanance of ylomicron Lipid from
the blood, supgesting Hhat in 4pite of the low Levels of albumin.,
all the necepton sites for unesterified fatty acids were not satur-
ated (249). ﬁyedwno{bovmemdbmmneﬁmﬂ.cm
mals did not nommalige the delay in the rate of clearance of ohy-
domicaons indicating that hypoalbuminenio was not responsible for
this delay (249).
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Lipoprotein Lipase Inhibition:

Seifter and Baeder (251) denonstrated the presence of an
inhibiton 1o post-hepanin cleaning factor in the plasna of neph-
notic rats, Since there is a delay in clearance of chylomicrons
from the blood in nephrosis (229 , 249) the possibility that this
inhibitor was nesponsible fon the retention of lipids in plasna
of nephuotic aots exists, However , after injection of heparin ,
the action of Lipoprotein Lipase has been shoun o be nomal in
nephrotic rats (250).

Summasy:

7. Jt has been well established that there is delay in
clemrance of chylomicrons from the blood of nephrotic rats (229 ,
249) and there is suggestive but unconfirned evidence of an .in-
hibitor 2o post-heparin cleaning lactor in nephwotic plasma (251).
2 Studies on isolated Liver and Liver slices in vitro sug-
gest an increase in the rate of synthesis of Lipids and Lipo-
proteins in nephrosis (102 ,191) , but previous studies on neph-
notic Liver slices had shown no increase in synithesis of Lipids
(227 , 245).

3 Direct evidence (246) for increased rate of synthesis of
Lipids by the Liven during the induction stages of nephwasis is
aupponted by some indirect evidence (229),
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4. The plama conceniration of albunin is in some way re-
dated 0 the hyperlipenia of nephnosis, though the exact relation-
ship Lo not yet clear



Methods



toimals.

fhimals used for experiments were aats of the Sprague-
Dauley strain, Most of the rats were male , about 250 g, in
wéig/zt, unless othemnise stated, They were kept in groups of
about 6 o a cage , in a room with constont temperature (80°F.)
and humidity (42%). They were fed standand commercial laboratory
chow (Purina) and given tap water o drink , unless othemnise noted.
For wllection of urine they were kept in single metabolic cages
and the cages were rinsed with distilled water for quantitative
wllectionas

Befone collection of thein blood from the cut end of the
tails and befone giving intravenous injections , animals were
placed unden an infrarned lamp for a fav minutes 2o wamn then in
onder 2o facilitate the procedure. For collection of blood faom
the abdominal aonta , the animals wene anesthetiged with peno-
barbital sodium , 0.794@::;(94.},;%7009,«“ fg.}éodng/zt
diasolved in alwhol, propylene glycol and water mixture at a con-
centration of 1 gn per mililitre (ml ) injected intraperitoneally;
the abdomen was then opened, and, the abdominal aorta exposed
and cleaned, A needle attached 0 a catheter on a syringe was
inserted into the aonta at its bifurcation , and the blood was al-
dowed 2o {low out,

The Livers were excised when required and immediately
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frozen in Liquid nitrogen on in well crushed sodid carbon di~
oxide. When perfusion of the Livew was nequired , a #16 needle
was insented. into the pontal vein , the hepatic and auperion
mesenteric arteries were imediately Ligated and the Liver was
flushed with nommal saline, The hepatic vein as it came out of
the Liver was cut o provide an easy outlet for the perfusing
Luid, The entine Liver became bloodless , aas judged by the change
in cdon , within 30 2o 90 seconds. The clearing at the surface
would be expedited by gently muibbing with the {at of the lin-
gerd.

Liver homogenates were prepaned by the method of Bucher
and NeSarnahan (181).  The Livers were perfused in situ fon a fav
seconds with ice-codd medium containing 0.1 M potassium phosphate
buffer, pH7.%, 0.03 M nicotinamide , 0.00% M magnesizm chlonide ,
and 0,725 M sucrwse , and then homogenized in a glass homogenizer
at 300 rp.m. for 30 seconds The homogenates were centrifuged
for 10 minutes at 700 g. #o eliminate tissue fragments , cells
and nuclei , and the supennatanis wene used for study of choles
terod synthesis,

Nephaosis was produced in rats by adninistration of anti
nat senwm (AKS) prepaned in aabbits (22), Most of the studies
wene done in the chronic stage of the wperimental disense when
iﬁeaatawmﬂazeo{edaamdwmmdtobemiﬁedady
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state. lhless othensise stated, the animals were used about s
weeks aflter the last injection of AGS.

The animals were tested for the development of the dis
ease by examining the degree of hypercholestervlenia. AU ani-
mals wsed as nephrotics had cholesterol levels above 100 mg. per
700 vl o?dam and moat of then were above 250 mg. per 100 ml.
The values fon total cholestersl in nommal nat semm rarely ex-
ceeded 50 mg. pex 100l
, For wllection of nommal rat chyle , the thoracic duct was

cavulated (271) and chyle was aollected ovemnight aften feeding
the animals 6 ml. of conn oid thaough a gastric tube, Labeled
nat chyle was collected by the method of Moaris and French (249)
wsing tnipalnitin-1-1% 1o label the chylomicrona,

Methods fon Studies on (hylomicaon Lipid,

(hylomicron cwunts were made unden dark ground illumin~
- ation, Jn a pilot experiment , different amunts of chyle were
added o identical aliquots of the same semm , and mixed well,
Fifty micwolitres (1l) sanples rom each were transferred #o a
glass alide and chylomicrons counted in a standard field, The
atandand field was a circle about one om. in dianeter dram with
grease pencil , whioh was divided into quadrants by 4w Lines
etched on the cwver slip. The sample volume of 50 Ul was 4pread
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evenly within the circle marked off by the percil. The amounts
of chyle added #o the seanum had a Linear relationship 1o the
rumben of chylomicaons in a standard field , 40 long as the number
did not exceed 5. Beyondﬂddﬁgmﬁecﬁy[miwnmwu&om
not accurate, TAwdlaaqalao{Amhaving.amnbuo,{okyb-
micaons greaten than % were dilited with a semm of knoun and low
chylomicron count.

For studies on Lipopadtein Lipase the substrate was pre-
paned by adding nommal rat diyle o nosmmal nat semm. The optical
density of semm at 55 md, was observed 2o have a Linean relation-
dhip 2o the concentration of chylomicaons in the semm. Plasma
obtained faom nommal rats 15 minutes after intravenous injection
of 4 mg. per kg, of body weight of heparin senved as a sournce of
Lipoprotein Lipase,

Fractionation of Sera

Papen (lectrophoresie:

Paper electrophoresis was done on Whatman paper #IM in
barbital buffer , pi 8.6 , at ionic strength of 0.075, either fon
16 hourns at ‘170 volis on for 4-6 houns at 240 volts Fon detec-
Zion of the proteins , the atrips were stained with bromphenol
blue; fon detection of Lipids , the serum was prestained with
acetylated sudan black B (272) before application Zo the paper
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atrip for electrophonesis at a voltage of 210, on the strip was
atained with eudan black after the electrophonesis. The distri~
bution of aadioactivity on the dried paper strips was determined
by scamning in an automatic somning device , ox by radioauto-
gaapha made on X-aay plate , as explained later.

Ut~ entrifugation:

The gpecimens of plasma on serum for fractionation into
dow and high density Lipopaoieins were obtained from animals which
ﬁaibm{addovwdgﬁimzdgivmiﬂdadmagip drink, The
rumbenr of cuylomicrons in such sera was negligible. Low density
Lipapmidmmeaqomda#aa#utbwgﬁedm@o{.&ew-
dution 20 1,063, either by the addition of sodiun cfloride 40~
Lution (273) on by the addition of sdium ofloride and potassiim
bromide solution /274}. The golution was centrifuged in a roton
model 30,2 for 16 hours at 30,000 rp.m in a Spinco model "L"
preparative ultracatrifupe. The LlL,, was concentrated as an opal-
escent layer at the top. Tt was carefully pipetted out on sepan~
ated by cutting the tube in a test tube slicer and collecting the
sodution quantitatively.

The Lipoproteins remaining in the solution aften removal
of lﬂp mﬁlp The entire solution was extracted o obtain
Lipids of //H.P s on the AL, thenselves were fLloated after ad-
juating the density of the solution o 1,21 with wdium chloride
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and potassism baomide mixture (274), and centaifuging it at 30,000
npom. for 20 hours,

Polyanion Precipitation of Low Density Lipoproteins:

ynmwd,apmwwedpmpmuwa,.
anion precipitation method described by Floasheim and Gongales
(275). This procedure uses "mepaulfate” , the sodium salt of sul-
fated polygalactumonic acid methyl ester methyl glycoside (Hoffnan-
La Roche) as the polyanion,

The amounts of cholesterol in L0y separated from equal
anounts of plama whether by precipitation on by wltracentri~
fugation wene similan in vanious experiments (Table 3, The cho-
desterol in HlL, remaining afier removal of L, by the fwo met-
hods were also within experimental ernon (Table 4). The com-
pleteneds of precipitation of Ulf, was further established by
adjusting the density of plamma after renoval of precipitates
o 1.063 and. separation of LU, in a preparative ultracentrifuge.
Mo cholesterod was detected in the top ml. of the sodution , in
ay of the experimenta When L, precipitated by Mepsulfate”
were redissolved in a solution of density 1.063, all the cho-
destenod was necoverned in the fop ml fraction after ultracentri-
{agat‘ion. The ohylomicrons were sepanated by centrifuging the
serum at 30,000 rp.m. for 10 minuteas,




Table 3
Mean amounts (g) of cholesterod in.lﬂ.P separated by
Mepaulfate” on by ultracentrifugation from identical amounts

of plasma in various experiments.

Eperninent | Mepaslfate” | Wiracentnifuge
/ /4D 7
L2 170, 5 61.5
3 5.0 450
4 22,0 231.0
Table 4

. Mean amounts of cholesterol in Hllp separated fuom
Wmlmwo{plma{tumvdo{lﬂ?dﬁmby

Mepaulfate” on by ultracentrifugation,
Gperinent | Mepaulfate” | Ultracentrifuge
7 284 mg. > 90 mg.

2 797 vg 776 Vg
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The proteins of high and low density Lipoproteins were
delipidized , acconding #o the method of Scarvu et al. (276).

Getraction of Lipida.
(xtraction of Lipide from Serum , Semum Lipoproteins and Red
Blood (ells:

For each milliliter sample of serum , solution of Lipo-
proteins on cell wpmn;, 25 ml. of alwhol:acetone (1:1) were
wsed, The sample was pipetted into a volumetric flask and aloohol:
acetone added 2o fill the flask fo Hwo thinds its volume. The
mixtune was brought 2o a boil , allowed o cool %o noom tempera-
ture , and made up to volume

Jn one of the eanlier experiments , the sodution con-
Zaining AL, was Lyophilized , Zaken up in 0.5 ml of distilled
water and boiled for 60 mirutes with 200 ml. of alwhol:acetone ;
it was allowed #o cwol 2o noom Lamperature and then transferned
quantitatively into a volumetric {lask
Cxtnaction of Lipids from the Liven:

fach Liver was homogenized in approximately 30 ml. of
dloroform:methanol (2:1) for live minutes in a "virtis" homo-
genizer. [The homogenate was filtered into a 30 on 700 ml. volu-
metric flask. The vessel in uhich the Liver was homogenized , the Lilter
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papen , the precipitates and the funnel were all thomoughly washed
into the volumetric flask with floroform:methanol %o bnring the
filtrate up 2o volume, The lipid extracts were then washed in a
dange volume of distilled water by the method of Folch et al.
(277) , and renade up o wolume. Aliguots of this were evaponrated
2o duyness and the Lipids were redissolved in petrolem ether ,
deaving behind some of the proteins extracted by chloroforn:
methanol,

(henical Determinations.

Determination of (holesterol:

For screening of nephrotic animals for hypercholestero-
denia , Zotal semm cholesterol was detenmined by the procedine
of Zak et al. (278). For all other purposes extraction , hydro-
dysis and separation of cholesterol by precipitation with digi-
Zonin were done acconding to the method of Sperny and Webb /279).
The precipitates of cholestenol digitonide wene washed with dis-
tilled water in addition to the wadhings with acetone-ether and
ether as necommended by Sperrny and Webb, The codon development
for the detenmination of the amounts of cholesterol was done ac-
onding to the method of Zak et als (278).

The folloming studies were undertaken 2o establish the re-
Liability of the latter method.
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Absorption Spectra:

Absorpiion apectaa were obiained for commercial choles-
tewol , cholestewl purified by dibromination (30) and biolo-
gical cholestenol both unesterified and esterilied (Fig.3),
and the identity of biological cholesterwl with the purified cho-
desterol was established. The commencial cholestenl had someanhat
greaien absorption at highen wave lengths than the othen wo. The
purified cholesterol was therefore used as a stadard in all the
experimenta,

Stendand (uaves:

(odor was developed with different anounts of purified
cholesterol and its optical density was plotted against the cho-
Lesterol concentration in the mixture (Fig.4). A atraight-
dine relationship from 5 1g. up o F00 ug. was obseaved, For each
set of deteaminations on unknown samples , a standard auve with
at least three diffenent known amounts of purified cholesterol
was made; from this the amunts in the inknowns were assessed,

Optical Desitics of Face (holestorod Versss (holestorod Digitonide:
Most of the quantitative deteaninations of cholesterol

were done on the digitonide precipitates of cholesterol; however ,

the atandards used for all the detemminations were made up with un~

estenified cholestenol. Tt was thus relevant o detemine the




-
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Standard cunve of optical density versuws cholesterod concen~
Zration, ‘



Table 5

Optical Densities of lnesterified (holesterol and (holestenol

[ Aot (holesterol (holesterl

(ug) | lnesterified Digitonide
70 25 X

25 70 7

50 151 49
100 298 01
150 452 Y
20 577 85
X0 850 905
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optical densitis of identical amwunts of cholesterol in both un-

Different amounts of the standard cholesterod were taken

in duplicate and one aliguot was precipitated with digitonin and
washed, The optical densities and the absorption specira (Fig. 5)
of the fwo were companed, 7Aew€&m9£ymin7able5¢zdda
not show any systematic difference
Repaoducibility of Lutimations:
ﬂep&cdediqaoia{}maaﬂuo,{am,plmoaﬂzw
Lipid extracts were taken for the detemmination of the amounts of
unesterified and Zotal cholesterol. The results are listed in
Tables 6 and 7. The wefficients of variation were between 2
2o 4% for unesterified and 2 2o 3% for Zotal cholesteasl,

Recoveries:

A Lixed anount of purilied cholesterol was added 2o ali-
quots of several sera and detemminations of the cholesterol in
sera with and without the added cholesterol wene made, The re-
aults (Table 8) indicate a necovery of 96.8% with a standand de-
viation of 1.5

(hanges in Optical Mg{ the (odon with Time:

The optical densities of 4w aliguots of standand




Table 6

lhesterified (folesterold fiig) in Replicate Aliguots of Various Sauples

Aliquot \
Ao,
7 43d225| 20|60 150| 9.0
2 41,51 22.0| 250 |67.0 7150 | 1040
3 43.0| 21.5] 250 |67.0 |2:0.0 | 100.0
— 4 40,5 21.5| 27.0 |620 |108.0 | 1040
5 27.0
6 | 25.0
7 25.0
- 8 27.0
9 27.0
Mean. b |a1.9 f 259| 6 |12 | w01.7
Standard
- Deviation L"’? o4 1.02| 20| 25 | 26
. (oefVariation k| 28| 27| 29 {3.0 27 | 24




Table 7

Total (hodestenol (g in Replicate Aliguots of Various Samples

Aliquo
Ho,
7 620 | 1220 177 | 152
2 60.5 | 100 | 8o | 152
3 640 | 1235 | 175 | 154
4 6.5 |1B.0| 172 | 18
5 61.5 53
6 630 151
Mean 621 25| 1% | 1533
Standand Deviatio L2 | 27| 22| 25
(oefeof Variation | 2.0 29| 2.9 | 7.6




Table 8

Recoveries of Unestenified (fodestersd Added o Seum

A&Z:ot Au‘./”;jim ?A.z;jda umad Recgyeny
7 67.0 700.0 18.0 94,6

2 655 100.0 160.0 %.7

3 66. 5 7000 1570 9%, 3

4 6.0 200.0 28.0 %. 3

5 70.0 200.0 230 974

6 66.5 200.0 2%.0 %.1
Mean. %.8

Standard Deviation 7.5
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cholesterol solution were noted at various time intewvals after

wlor development, Mo changes in opitical density wene noted be-
Zween 15 mirutes and 8 hound.

{Llect of Washing (holesterod Digitonide Precipitates with Water:

banly in our studies it was noticed that oceasionally
on adding femic chlonide noagart to the solution of cholesterl
digitonide , a brounish codor developed in place of the pink-
violet given by unesterified cholesterol. Digitorin alone when
dissolved in acetic acid gives a broun clor on addition of ferric
dilonide reagent. This suggested that the brounish tinge in the
sanples of cholesterol may be due 2o digitonin

Digitonin is very sparingly soluble in acetone or acetone-
ether , 40 that wadhing the cwlesterol digitonide precipitates
with these sodvents would not remove any excess digitonin which
might coprecipitate with cholesterol digitonide. Jn viaw of the
fact that digitonin was elways used in excess , the possibility
of cprecipitation of digitonin culd not always be guarded against,
Since digitonin is swluble in water and cholesterol digitonide is
not , the precipitates of cholesterol digitonide wene washed with
distilled water before washing with onganic solventa,

The effect on its absonption pectum , of wadking the
cholesterod digitonide with distilled water was tested by com-
parison with the gpectum of unesterified cholesterol (Fig.5).
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The gpectra of unesterified cholesterol and cholesterol digito-
nide washed with wa.tmwmidzvtécd; uhereas the absorption
gpectum of the cholesterol digitonide washed only with onganic
sodvents showed a greater absorpition at lower Me dengths as
compared with the othea wo.

(hemical Reaction of (holesterod and Digitonin:

i was suggested by Windaus (B1) that one molecule of
cholestens] combines with one mlecule of digitonin, and, since
then sepanation of cholesterwd by precipitating it with digitonin
has bewme a standard procedine (279). However , it is now well
kroun. that substances othen than cholestewol ane also precipi-
Zated by digitonin (350).

To oonlirm the mono-molecular nature of the reaction be-
tween cholesterol MW, B7) and digitonin (MW, 1,229) and #o de-
temine the effects of cnceviaations of olestewld , punified by
dibromination (3B0) and of digitonin on theia precipitation as

dwlesterod digitonide , the following experiment was performed.
| To various anounts of purified chwlestenod in 2mli of
alowhol-acetone , different awunits of digitonin dissolved in 2ml
of 50% alohol wene added as in Table 9. The cholesterol in the pre-
cipitates was detemnined and the estimated values as well as ex-
pected values of cholesterol on an eguimolecilan basis are given
in Table 10. The neaults indicate that:




Table 9
Reaction between (folesterod and ligitonine when Present in

Diffenent (oncentrations
A0, wal 0:.9«?:;1? CA«W (mg)
Detemined | Expected
7 2.0 8.0 2. 2% 200
2 2.0 40 7. 40k 7,250
3 20 2.0 0. 200 0.625
4 2.0 0.8 0.%51 0.2%
5 7.0 8.0 1.060 7.000
6 7.0 40 1. 110 7.000
7 7.0 2.0 0.6% 0,625
8 7.0 0.8 0. %51 0.2%
9 0.5 8.0 0, 500 0. 500
70 0.5 40 0. 58 0. 500
77 0.5 2.0 0. 500 0. 250
72 0.5 0.8 0. 2% 0. 200
13 0.2 8.0 0,210 0, 200
74 0.2 40 0.210 0. 200
75 0.2 2.0 0. 186 0. 200
76 0.2 0.8 0, 160 0, 200
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7. The reaction between purified cholesterol and digitonin
is on an equimolecular basis,

2 The optical density of colon given by precipitates of
cholesterod digitonide was slightly greater in some instances than
that uhich could have been given by all the cholesterod present
in the systen , o4 by anounts of cholesterod in the precipitates ,
calculated theonetically on monomoleculan basis. Since the so-
dution of purified cholesterol fon making the standands was the
sane ad used for the studies , ernon in the weights of cholesterod
owuld not acount fon the obsewed values Thus it seans that
digitonin in cholesterod digitonide precipitates contributes a
Little %o the optical density of the colon developed.

2 Uhen the concentrations of chwlesterol as well as digi~
Zonin in the solution were low , complete paecipitation of cho-
desterod did not ocaun

Deteamination of Fatty Acids:

Total fatty acids in the senum Lipoproteins and thein
goecific activity were detemined by the method wsed by Saffran
and Kalant (229). The Lipids were extracted in ethanolic KH and
cholesterol was sepanated by extraction with ether. The fatty acids
wene separated from the aqueous phase after acidification and were
measured gravimetriocally.
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Albunin:
C————————

Albumin in the urine was determined by the method of
Qmall et al. (B3] after precipitation of paotein with 20%
(fromatographic 4 ion of Lipids was done in several
inatances on silicic acid colums , wsing the method of Hinsch
and Ahrens (82).
Labeling of Sewm Lipoproteins with (14~(holesterol.

Most of the studies involved the use of serm Lipopno-
teins labeled with (T%-cholesterol. Semm lipoproteins can be
labeled with (M4-cholesterol by injecting into donor animals (T4
dabeled precursons such as acetate on mevalonic acid, The gpecilic
activities obtained by these in vivo techniques are not very high.
To obtain high gpecific activities , in vitrw methods have been
neponted (% ,285). Both types of methods were wsed in the pre-
sent work,

Theubation of Seum with (T%(holesterol Dispersed on an Thent
Powder (284):

("4-cholesterod is dissolved in pevtane and mixed with



&

elite", The smlvent is evaporated under nitrogen , leaving cho-
Lestensl digpensed on the inent powder , uhich is then incubated
with semm (on semm A‘,wpmieina} at 3° (b for 20 hoursa The
seum is separated and has been shoum to contain (1% cholesterol
associated with the upopmté‘m

Several other sterols and steroids were also taken up by
the seum Lipoproteina by this method of labeling. The choles
tewd oontent of the sewm was increased by such an incubation,

Tt was therefore cncluded that the labeling was obiained by non-
apecific "solubiligntion” of the cholesterol and other sterols

in the lipid phase of semum Lipopaoteina Jt was claimed however ,
that the labeled cholesterod incorpordted in vitro behaved Like
the (M-cholesters! incorponated into the semm Lipopmoteins in
vivo aften intaavenous injection into aats and aleo in its ability
2o exchange with red blood cell cholesterol,

The following preliminany studies were done on seum
dabeled by this method (284),

7o Determine if AU the Radioactivity was Associated with Lipo-
proZeins:

The proteins in 0.5 wly of labeled semm were precipi~
tated with sodium tungstate and sulphuric acid (36) and liltered,
The precipitates were vashed , duied , weighed and then ectracted
with alwhol acetone,
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Figure 6
Distribution of aadioactivity on separation of labeled sera
by paper electrophroesia,
(Uppeamost is stained fon proteins and the lover staips for

Lipids)
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The counting rates of the Lipid extaact of the precipi-
Lates and the liltrate were deternined (Table 10). Almost no
nadivactivity was fowd in the {iltrate indicating that the labeled
cholesterod was in combination with the semm proteins

Fractionation of Labeled Sera by Paper flectrophoresis:

Different samples of labeled sera were electrophoresed
either for 76 hours at 110 volts and stained with bromphenol blue ,

on fon 6.5 houns at 200 volts after prestaining the semum for
Lipids (272) (Fig. 6). The radioactivity present in the senum
dowed itself at the site of application and associated with a-
and B- globulina

Discppeanance of fadioactivity from Blood:

Aliguots of rommal rat senum labeled with (14-cholesterod
wmeirylectediw Zwo nonmal rats and the disappearance of radio-
activily {rom the semm of animals was obsewed, Fnothen aliquoit
was electrophoresed and the paper strip was radioautographed as well
as scanned fon the distribution of adicactivity. The results are
given in Figa 7 and 8.

onclusionas:

Jt is concluded from these experiments that the radio-
activity in the labeled serun is associated with the plaama Lipo-
proteins and that the nate of disappeanance of the label from the
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Figure 7

Radioautograph and scan of labeled semm afiten its frac-
Zionation by paper electrophonesis,
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NORMAL RATS

| N |
RADICACTIVITY IN BLOOD \\x

(cts per min.) ‘\x
_____________________ §

50 \
L ]
o T T T
20 35 50
TIME
{minutes)

Time counse of disappearance of radivactivity from blood of
4o nomal rats aften injection of nommal rat semm labeled
with (14-cholesterol.



. Table 70
Association of Radioactivity with Proteins in the Senm Labeled
by Incubating Semm with (1 4(holesterol on (elite, |

Total Radicactivity in the precipitated proteins| 21763 cta/min
Total Radioactivity in the filtrate B0 cte/min
| Percentage of #otal radioactivity with proteins B. 73

Table 17
Association of Radioactivity with Proteins in the Senum Labeled
with Tween20 (holesterol-(1* Suspension,

Total nadicactivity in the lipid ectract of thd
precipitates  2%,000 cte/min
Tozal nadioactivity in the fliltrate 7,000 cta/min
Table 72

Relative Anounts of Radioactivity in Unesterified and fstenified
Fractions of (holesterod in Seum

Total ataactividy in dhe pracipiiates of
unestenified cholesterod | w0
Total nadioactivity in the supernatant
(esterilied cholesterol) 2,120 cto/min
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sena of injected rats were comparable o that observed (384) in
rats after injection of the in vivo labeled sewm,

Addition of Tween 20 (T4-(holesterol Suspension o the Semum (XB5) :

This method is based on the adaumption that labeled choles-
terod which is "suspended” in aqueous solution of Tween 20 uhen
addded 4o the seum exchanges with the cholesterol molecules of the
sewum Lipoproteins, Jt was shoun that Tween 20 did not adsonb o
globulins non-gpecifically and that the distribution of labeled
dwlesterod in high and low density Lipoproteins corredponded o
thein cholesterod content, The process of labeling of Lipopro-
Zeins was not tamperature dependent,

The following studies were done 1o deteamine the dispo-
sition of the (T-cholesterol in the semm labeled by this method,
To Detemnine if all the Radioactivity was Associated with Lipoproteina:

The proteins in 0.5 wle of labeled seum were precipitated
with sodium tungstate and aulphuric acid , filtered , washed and
dried. The precipitates were exctracted with chlorofom-methanol,
(ounting rates of the Lipid extract and of the protein free fil-
trate of the seum were detemnined (Table 17). The .Lqud ex~-
ract of the precipitates had about 250 times the activity left in
the filtrate , indicating that the label was associated with the
proteins in the seum,
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To Determine the Relative Anmounts of Radioactivity in lUnesterified
and Eatenified Fractions of (holesterod in Senm:

The cholesterol was precipitated faom the extract of
0.4 ml. of labeled seum , and the supernctanit and washings of the
cholesterol digitonide wene pooled, The radivactividy was deter
mined in the precipitates and in the supernatant (Table 12).

Jt was presumed that supernatants and the washings con~
tained all the cholesterol esters and that all the unesterified

cwlestenod was precipitated by digitonin, The unesterified cho-
desterod had eight times mone radioactivity than in its esters,

To Deterine the {{fect of Jncneasing the Anount of Label in Seum
on the Digposition of the Radivactivity:

Six aliquots of 1ml each were aken from a pool of non-
mal nat serun and different amounts of labeled cholesterod in
Tween 20 suspension were added, Prozeins in 0,5 ml, of semum in
each tube wene precipitated by sodium tungatate and sulfuric acid,
centrifuged , and washed with distilled water. Supenatant and
wadhings of the precipitates were pooled and their counting nates
determined. The precipitates were extracted with chlonofonm-
methanol and nadicactivity detemined (Table 73).

The nesults indicated that for awunis of (14-cholesterol
woed 2o label the sera in absequent wonk , almoat all the nadio-
activity was associated with Lipoproteina




Table 73
Radioactivity Faee and in Association with Paoteins in Sera
Labeled with Different Amounis of Tweer-20 (T4~(holestenol

Specimens cte/min/ml
Proteine Free
7 90, 820 7, 80
2 18, 540 240
3 160, 780 52
P 249, 30 640
5 307, 200 320
6 164, 620 7, 240
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Labeling of Senum Lipoproteins by Jncubation with Labeled Red

Blood lLs:

Red blood cells were labeled by the addition of (1*-
cholestenol sugpension in Tween 20 1o heparinized blood and incu-
bating the mixture overnight in the wld, The cells were sepana~
ted , washed tuice with nomal saline and then incubated wisth fresh
seum ovemight in the wld, The seum , after incubation , had
(7% cholesterod presunably incosporated. into lipoproteins by a pro-
cess of oco’wnge uith cella

The neceasity of adding Tween 20 into the semm was cir-
amvented by labeling the Lipoproteins indirectly by a process of
exchange from ned cells though the possibility of the Tween mole-
ales nanaining Linked with (T4-cholesterol during all the pro-
cesses of exchange cwuld noi be nuled out., The cncentration of
Tween in the labeled semum was probably much amaller , if no in-

significant , as companed 1o ithe method of labeling uhen Tween is
added 4o the seum

Detemmination of Radioactivity.
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solvents , cholesterod digitonide sodiction in glacial acetic acid ,
{atty acids dissolved in alovhol and aguesuws solutions of seum
dipoproteins were comied by plating aliquots on alumirum plan-
chets of known weights The samples were evaponited 4o duyness ,
weighed, and the weight of the sample detemined by difference ,
and counted in a gas flow Geiger counter with a thin window (Nuclean
Ché&yﬂﬂloaawﬁbvmpubndmmtuﬁ’lmmtév
gineering) up 1o a total of 10,000 counts in oader 1o obtain a stan-
dard deviation of 1% of the counts. Jh most of the studies the
awounts of material plated were amall enough 2o give "infinitely
thin" samples; however , when the amunt of the material plated
was evugh to couse sell absorption, adequate coarections were
made {rom sell absosption curves made with the same material and
on the same counter

Background radioactivity was detemined daily. The ate-
bility of the cwunting equipment was checked every fav hours by the
use of standaads.

Samples of blood were plated on Lens paper discs put in
the alunirum planchets 1o obtain even spread,

The reliability of plating was checked in the following
experiment: Replicate aliquots of different amounts of (14-
cwlesterol dissolved in glacial acetic acid were plated and the
oouniting rates were detemined,

Resulits (Table 14) indicate that the wefficients of



Table 14

(ounting nate of replicate aliguots of (14-(holesterol dissolved

(ounts per minute
Aliguot aige ()
. 0 25 o 100 200 30
[ 7 69 | 165|300 | 640 | 1355 |1990
| 2 65 |18 |32 | 690 | 7300 1990
3 & |70 | 60 | 7300 fr9%0
I 2 |10]30 |60 | 1325 pooo]|
5 6 |ws|z35 | 664 | 1 3)&J1980
6 &8 |05 | 6871 | 126 Iama
Mean. & |11 | 66 | 1225 h982
Standand
Deviation |1.86 |6.32|70.2|18.7 | 19.7 2#.§
Co !‘!- - E
of variation
as percent
of mean 27 |29| 27| 28 | 1.4 7.2
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variation of the counts were between 1.2 and 3. 9% (ounting rates
of aligmts of volunes between 10 40 300 who, all infinitely thin
samples , wene propontional 4o the volimes plated,

The variation in the efficiency of the cunting equip-
ment {rom moment Zo moment was itested by counting a rumber of plan-
chets nepeatedly (Table 15). The cwellicient of variations of the
wunits were between 0.4 and 1.8% of the meana

Liquid SeintiLlation (punting:

Jn. some of the studies a Liguid scintillation counter with
automatic sanple changer and tuw photomultiplier tubes (Tri(arb)
was used 4o detennine the counting nates of aliquots of Lipid and
cholestewd. The aliquots %o be counted werne evaporated o dryness
in the sample holders and then disswlved in 10ml of the scinti~
Uation mixture (B7).

The Lipid samples gave a yellowish colon o their <o-
dution and the abaorption of scintillations by the codor in each
sanple was assessed by addition of a fixed volume (100 wl) of
toluene cntaining (T4-cholesterol into all samples. The nadio-
activily added into sanples was estimated by detemmining its coun-
Zing rate in codorless blank scintillation mixture, From the coun-
ting nates of the additional radioactivity in the coloned danples ,
absorption by the cwlor was deternined and the original counts
wnrected,




Table 75

Repeated Determinations o{CowuﬁngMuo{W.fqda.
Time (minutes) £o count 10,000 counte

Sample

z 11 111 i A V Vz

7 6.79|16. % | 242 | 242| .49 | 1.4
2 6.2216.31 | 245 | 243| 1.49 | 1.4
3 6.2|6.38 |28 | 27| 51 | 1.4
4 6.6 6.29 |24 | 24| 1.9 | 1.46
5 6.77(16.38 (28 | 22| 1.2 | 1.45
6 6.216.% |20 | 245| 1.51 | 1.4
Mean 6.1916.29 241 | 34| .49 | 1.46
Standand

Deviation 10,029 0,028 |0.062 |0.051 | 0.013| 0.007
et

94 percent

ol mean .47 |0.4 118 | 1.5 | 087 | a.47
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Fa#?ﬁpaﬂn.ipa:

Radioautographs of paper strips with radivactive senm
fractions wene made on no-screen X-Ray plate by leaving the fwo
in contact fon periods of a fav vecks, When developed , the aite
of radioactivity was represented by blackening of the cornespon-
ding area on the X-nay film.

The scarning for nadioactivity was done on an automatic
doannern , having o gas flow detector with a thin window The
atrip of paper was dramn past the detecton and the radioactivity
in the area of paper over the window was reconded on a strip chant
recorder. The drive motor of the recorder was wsed to drive the
p@dwwﬁdﬁemmmmwwwugdwﬁe
recorder,




Eperiments and Reults




Introduction

Lipopaotein Lipase accelerates the cleming of alimentary
Lipenia (198,199) and an alteration in its activity may cause the
delay observed (229, 249) in the cleanance of injected chylomic-
aons from the blood of nephrotic aats, Lack of adequate amounts
of albunin and the presence of an inkibitos in the plasme of neph~
rotic animals have also been considered (262, 251) as possible ex-
planations for the aetention of Lipids in their plasma, Studies
vere done 0 elucidate the nole of albumin and Lipopaotein Lipase
inhibiton in nephwotic hyperlipenia,

There is an incaease in all classes of plamma Lipids in
nephaosis (220) but moat of the studies xeported herein were done
0 evaluate factoas conitributing paimarily %o hypercholesterolenia,
Liver is the principle endogenous sounce of plasma cholesterol
Thius aates of hepatic synthesis of cholestenod faom acetate and
mevelonic acid and aleo the rates of its incoaposation irto plasne
Lipopaoteins were compared in roamal and nephrotic aats, Tuan~
over aates of plasma cholesterl were also deteamined in nommal
and nephrotic aate |

The possibility of a qualitative on quantitative alter-
ation in the plasma Lipoproteins contributing 4o hyperlipenia
wes considened, To evaluate this, rates of exchange of choles



%

with that of red blood cells and Liver were compared both in vitro

Tt has been shoun (102) that thene is an increase in syn~
thesis of plama albumin and Lipoproteins by the Liver . Tt is
possible that increased synthesis of Lipoproteins nesults in an
increased concentration of the protein moities of the Lipoproteins
in the Liver and that this in twn stimulates synthesis of Lipida,
To test this hypothesis, liver homogenates were prepared (181) and
the effects of protein moities of high and low density Lipopro-
Zeins were studied on the nates of synthesis of cholestenod by
the homogenateas.
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Jr oader 2o elucidate the role of various factors in
causing delay in the removal of chylomiceons faom the blood of
nephaotic animals , the following studies were carried out,
(xperiment 1:

(Llect of Albumin Adninistration on Rate of Disappearance of
(Julomicaons faom Blood of Nephrotic Rata,

J¢ has been postulated (262) that the aetention of Lipids
in the blood of nephrotic aats is due to lack of albumin in amounts
adequate fon clearing of Lipids at a nommal rate. The concen~
aation of cinculating albumin was therefore rcised 2o nommal
devels and its effect on the rate of clearance of chylomicrons
detemined,

&xaqaﬁn&cwtumued, dei@uwm
oontrwl. Labeled chyle was injected into each rat intravenously
#uéceatminiwdoﬁz-jdny; and the disappeanance rate of
nadioactivity from the blood was measuned, Ten minutes before the
Awndinjadi;n; each rat aeceived 1 ml of rat semm albumin
(9 9./100 ml) , aufficient to increase senm albumin by approxi
mately 1.5 ¢/100 ml.

The {ractional rate constants before and after albumin ad-
ministration were deteanined and are given in Table 16, The




Table 76

Fractional Rate (onatont Per Minute of (fulomicaon Disappearance
in Nephrotic Rata.

Befone injection of albumin Alten injection of albunin
L 7 . 0. 0074 0.0037
L2 | oo o 0.0113
3 1 . a2 - 0.0027
4| 0003 0. 0071
.5 .. 0.0018 | 0.00%
6 _0.0070 - 0.05%
|. Mean | . 0.0035 0.0133
0 | oo | a0

P va.[u.e, for i/'-edcf.’,{melwe before and after the injection of
albunin £ 0.05
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reaults indicate that, except in one nat (#16), naising the levels
of albunin raised the fractional rate constant of removel of chylo-
microns 40 a degnee which though statistically significant, was
not marked enough o have any physiodogical importance. (ven in nat
# the fractional rate constant remained much lower than nommal (229).

This shows that hypoalbuminania per se is no an importanit fac-
Zor for retention of chylomicron Lipid in the blood of nephrotic
animals,
(xperiment 2:
Jnhibitonr to Lipoprotein Lipase Present in Plasma of Nephrotic

Fndnals,

Tt was suggested (251) that nephrotic plaama contained an
inhibiton to post-heparin cleaning facton. (Learance of chylo-
micron Lipid was studied in in vitw in order to confim the pre-
sence of the inkibiton in the nephrotic plasma,

Normal nat serum was made Lipenic by addition of nommal
rat chyle and was used as substrate for the clearing action of
posit-heparin plaama (Lipoprotein Lipase). To observe the effect
of the inhibitor present in nephrotic semm, 0.7 md on 0.3 md
aliguots of nephaddic serum were added to 1 ml of Lipenic nat
seum before addition of 0.1 ml of post-heparin plaama. The same
anounits of rommal senun wene added Zo the clearing system as con-
2wol. The optical denaity at 55 ms was read at 0, 30 and 60



Table 77.
(hanges in the Optical Density of Lipenic Semm (aused by Post-
Heparin Lipopaotein Lipase in the Presence of Noamal and Neph-
rotic Sera.

ncentaation Amge in O,
OCZ Test Senuam {o= ; /”em;. ¢ oo 500; %

% of Total » diflerence difference
Noamal (6) 70 JT72 7 5 5
Nephotic (6) 10 052 177
formal  (6) 25 . 090 K

2

Nephrotic (5 25 .059 0%
Nommal  (6) 70 09w 00 5
Nephaotic (8) 70 033 . 088
Normal (6) 25 .029 62 057| &
Nephaotic (8)] 25 .01 0%
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minutes as a measure of clearning of plaama,
The nesults (Table 17 and Figune 9) indicate that neph~
aotic plasma in a conceniration of 10% by volume cansed a 27-4%
inhibition of lipenia clewu.ng. . increase in the concentration
of nephaotic plasma to 25% by volume caused an inhibition of some-
The results conlim the preserce of some factor(s) in the
rephaotic senm which inkibits the clearing of Lipenic plasma in
vitw by post-heparin Lipoprotein Lipase
eriment 3:
(Llect of Nephaotic Plasna on Disappeanance Rate of (hylomicrons
from Blood of Noamal Rata.

Jn onder o evaluate the significance of the inhibitor in
in vive clearing of Lipids , the folloning study was done:

Three noamal rats were injected with 0.5 ml labeled chyle
and the disgppearance rate of radioactivity in blood wes measured,
Thuee days later , 1 ml of nephrotic seum was given 4o the same
animals , followed in 70 minutes by a second injection of labeled
cyle; nadioactivity in blood was again measured,

The aesults (Table 18) show that ro inkibition of ae-
moval occurned in any of the animals as @ result of administration
o nephaotic serum in volumes 1o give coneentration egquivalent 1o
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—— NORMAL
----- NEPHROTIC

A B

OPTICAL
DENSITY

TIME
{minutes)

F-. 9

(Learing of Lipemic rat semum by post-heparin Lipoprotein
Lipase in presence of nommal on nephrotic sera in concen~
trations of 10% (A) and 25%(B).



Table 18

Fractional Rate (onstant Pea Minute of (hylomicaon Removal from
Blood of Noamal Rats before and after Injection of Nephrotic Plasma

Mo. | Before injection of After injection of

0,18 0,763
2 0.793 0.177
0. 190 0,788
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what was obtained in in vitao experimenis,

This indicates that nephrotic rats have an inkibiton o
Lipoprozein Lipase in their plasma though this inkhibitor does not
appear 1o play a significant role in netention of chylomicaons in the
plaama of intact animals. The possibility exists that the inhibiton
did not renain in the cinculation long enough to be effective.

Jt was suggested that the delay in the nemoval of chylo-
microns in nephrotic animals is due Zo itotopic dilution in in-
creased amounts of plasma Lipids (249), The following tw expeni-
ments wene done fo detemmine if there is any dilution of injected
cylomicrons, and 1o determine the effect of isotopic dilution,
if present, on the rate of nemoval of injected chylomicrona,
COpeniment 4:

(Llect of Gluoose Feeding on (fylomicronenia,

Jr one of the studies (229) demonatrating the delay in
nemoval of chylomicrons in nephrosie, animals were given only
0% glucose o drink fon 36 houns o the exclusion of all othen
food. (ffect of this treaitment on endogenous chylomicronemia was
observed on rommal and nephrotic nata

(hlomicron counts were made on the sewm samples of four
nosmal and four nephrotic rats prepared by giving 50% glucose
ovennight, One nommal rat 4o prepared was given 1 ml of chyle
intaavenously and senm was taken for chylomicron count 2 minutes
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aftern the injection. The counts in one standand field were:
nomal , 35 nephuotic , 5-10; noanal nat injected with diyle
550.

This the levels of endogenous chylomicronenia were insig-
nificant in the presence of the level produced by injection of
chyle , 40 that iswitopic dilution of injected chylomicrons could
not acoount for the delay in their clearance in nephaotic animala

periment 5:
(llect of (pdogenous Hypealipenia on Rate of Disappearance of
(ylonicrons Loom Blood, |

Two rats were fed a diet containing 60% butter fat and
5% dwlesterol; this produced fasting semm Lipid levels of 5.4
and 4.9 9./700 ml.  The aate of ramoval of chylomicrons from the
circulation was then meaduned in these animals and in o control
animals given the standand diet,

The fractional rate constants of removal were essentially
the same for the fwo pains of aate; O._Oﬁazda.aﬂp@mimate
for control animals , and 0.042 and 0.043 per minute for hyper~
dipenic animals , suggesting that increased concentrations of
serum Lipidas do noz decrease the rate of removal of injected
dydomicrona
(onclusiona

. These studies confinm the presence of an .inhibitoa
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1o post-heparin Lipopaotein Lipase in the plasma of nephaoitic
aats , howevern the inhibiton does not cause any delay in remval
of dylomicron Lipid {rom the blood of noamal rata

2t was aepoated eamnlien (249) that adninistration of
bovine albumin did not coanect the delay in clearance of ohylo-
micaons from Bre blood of nephrotic aats Oun studies done with
nat semm albumin also show that correction of hypoalbuminenia did
not significantly alten the rate of clearance of cdylomicron Lipid.

3 The hypothesis that the "apparent” delay in ohylo-
micwn clearance in nephrosis was due fo isotope dilition could
not be aubstantiated,



Plasna Volimes of Noamal and Nephaotic Rata

Jn subseguent studies hnowledge of sizes of plasma pools
of cholesterol and other Lipids was necessany. Jn order 1o 0b-
Zain this plasma volumes were detemined in nommal and nephrotic
nats,

Most of the studies reported herealter were done on rats
2-3 weeks after injection of AS when they had ro manifest edema,
Therefore similar animals were used for the determinations of
plaana volume in this experiment. HNommal rats of equivalent
weights were also studied,

(xpeniment 6

h a prelininary experinent 1o detemine the nate of
disappeanance of 1731-albunin from #he blood of animals Hwo
nomnal nats weighing 250 g were each injected mith Muc of 7737-
albumin dissolved in 0.5 ml of nommal saline, Blood (0.05 ml)
from the cut end of thein tails were plated at 7; 2, 3,4, 5,
6, 8, and 10 minutes aftenr injection. The time counse of aadio-
activity (counts/mirute) in the samples was detemnined and showed
a platea: from 1 20 6 minutes (Fig 10), A 2-mirute period was
selected as the inteval of choice after the injection fon cal-
culating the pool. size in which the 17'37-albumin was mixed,

Nine nephrotic and seven noamal nats were weighed and
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4000
¥§x—\—§=;=x=§
\*\;
BLOOD
(cts/min) 5000
0 L) 1] I v T
2 4 6 8 10
TIME
(minutes)
Figure 10

Time counse of nadivactivity in blood (0,05 ml) after in-
jection of T -albumin,



Table 19

Plasma Volimes and Hematocrits

Nomal
body | Plasma choléstero]  Ploma volime (nd
Wu‘g/yt ﬁug/ 700ml) per animal] per 100g Henatocnit
(9 body wel
190 - 6.6% 2.977 4.8
7 - 5841 2381 45 4
793 - 6. P01 235 439
85 - 6.223 2640 42.9
90 - 5665 2 81 4.5
77 - 5275 2 %80 4.1
Mean *2 452
S.0 0. 33 2.4
Nephrotic
200 403 7. 208 3604 4. 5
X8 408 7.035 282 4. 3
202 310 6. 596 225 428
240 505 8.049 2 X5 4. 5
1% k76 6.835 2407 4.4
770 225 58% 2468 H 4
280 753 7. 994 2855 47.7
790 315 6. 354 2 il 0.7
9 | 257 7. 054 > 713 4.3
| Mean 24 4.9
(5.0 | ox 4,2

P

P value for m%é&}zw volunes of nonnal. and. neph-
0

rodic rats > 0,
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injected with 0.4 ml of 173-albumin solution intravenouasly.
Theirn blood was codlected 2 mirutes aften injection for deter-
mination of hematocait and plasma radioactivity.

Plasma volimes werne caloilated from the dilution of in-
jected dose (258),

The plasma volimes and henatocrits are given in Table
19, The blood voliumes were calculated Lrom the mean values of
plaana volime and. hematocnit; they wene 5.9 ml and 5.8 ml per
100 g, body weight in nommal and nephrotic rats nespectively.
(onclusions

The plasma volimes (as well as blood volimes) of nephrotic
animals 2-3 weeks after the injection of AKS wene noi different
from those of nommal rats of similar weights, even in the pre-
sence of severe nephrosis as manifested by marked hypercholesterod-

ania,



Studies on Synthesis of Plaama (holesterod
in Nosmal and Nephrotic frimals

It is well established (180) that the most imponiant
endogerous sounce of plamma cholesterol is the liver, Recently
synithesized cholesterol is incorponsted into plasma Lipoproteina
but no dota in the literature is available companing the nates
of incosponation separately into high and low density Lipopro-
Zeind, Several experimenits were carried out 1o determine in
nonmal and nephrotic rats the rates of synthesis of cholestenol
from acetate and mevalonic acids and the nates of incwnponation
of the naaly apthesized cholesterol into plasma Lipoproteina.
Gperiment 7
Punpose:

To compare the rates of hepatic snthesis of fatty acids
and cholesterod from acetate in nommal and nephrotic aats and the
nates of incwrponration of recently synthesized fatty acids and
cholesterol indo high and low density Lipoproteins of plasna,
Methods:

Founteen normal (aye/wge &dgwdglu‘.wg./md 74
nephrotic (2 weeks after the last injection of AS) rate
(average body weight 300 g.) were fasted overnight and given
D% glucwse to drink.  The following monning 25 uc of



Table 20

(oncentration of lhesterified (folestenol in Plasma Lipoproteins

(g /nl. of Plasna)
foup | Low Denaidty Lipoprotein | High Denaidy Lipoprotein

Normal | Nephaotic Formal | Nephaotic

7 35 620 70 5 |

2 50 1060 4 750

3 70 6170 60 700

4 b/ 910 5 B5

5 75 750 45 250

6 45 125 - 200
Mean .5 76.7 520 2033
3.0, 2.9 B75 42 69.6

Ratio 7 76 7 4
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acetate-1-(T (Merck , Sharp and lohme) appuoximately 0.4 mg in
weight were injected intraperitoneally into all rats, At inter~
vals of 72, 25; l/o; 60; 90 and 180 minutes thereafter tuw
nataﬁvum&gmupmm;d with nembutal and thein
dLivers and blood collected. The blood from fwo rats in each group
was pooled and plasma separated immediately. Low density Lipo-
proteins were separated from the gpecimens of plasma in a pre-
paﬁaéiveawacmﬂi,&lgzatm 1.063 7/leﬂu'xﬂueo{plm
adwwluﬁanm«ﬁaqmno{lﬂpww
as o solution of Hilp (oncenirations and specific activities
of unesterified and total chulestersd and of total fatiy acids in
the plaana Lipoprotein fractions were estimated, The amunt and
dpecific activity of unesterified cholesterol in all Livers were
also detemmined,

Results and Discussion:

AU Lipid moieties studied were incrensed in concwitra~
Zion in nephaotic sera as compaied to controls , the increase
being mose marked in the conatituerts of LU, (Tables 20-23).
TAeMeMVWMIIMInUZPW}-#MﬂMMme
noted in the lipid mniado{ﬂllF

The time course of gpecific activity in high and low
density Lipoproteins of nommal and rephrwotic plasme are given
in Figures 11-13.  farly peaks in the curves of gpecific



Table 21

(oncentaations of Total (holesterod in Plasma [@,popmtebw
“ ( U9/m1. of Plaama)

Low density Lipopaotein || High denaity Lipoprotein
9”;:“ Fommal | Repghnotic Tormal | Fephaotic
7 600 10700 625 800
2 775 78800 1050 3100
3 700 8500 60 6600
4 650 12300 00 8000
5] 5% 17400 R 6200
3 425 75700 - 4500

7 - 1790
Nem| 0 | 17 06 | W67
5.0, 127 4 28 X2
- Ratio 7 24 7 7
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CONTROL X----X HGH DENSITY LIPOPROTE'N

2200 —e Low

{ SPECIFIC ACTIVITY
(cts./min./mg.)

NEPHROTIC

600

400 -

200

Specilic activities of total cholesterol of plasma high and
low density Lipopaoteina after injection of acetate-1-(1% into
nonal and nephaotic aats,
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activities of cholesterod ane probably due #o contamirants of
cholesterod which are precipitated by digitonin and have high
apecific activities They have been shoun o be present in the
Liver and plasma for about one-half hour after injection of
labeled acetate (250, 32, 33). The wnianinants may be inter-
medianies in the apithesis of (14 cholestewd from labeled sodium
acetate (250), though zhey have alsw been thought o be aloholic
intenmedianies in the synthesis of fatty acids (02). The second
peaks which corresponded in time #o the peak incoaposation of
acetate into cholesterol () were therefore used to caleulate
the incoaponation of acetate into cholesterod of plasna Lipo-
proteins.

Tozal (holesterod:

The concentrations of toial cholesterol in nephrotic low
and high density Lipoproteins were 2% and 7 times noamal (Table 27).
The peak specific activity of total cholesterol in Lﬂ.P
of nommal animals was about 1.6 times that of nephrotic rata
The peak values for cholesterod in HlL, could not be compared
becase some samples of rommal high density Lipoproteins wene
dost, Thus considering the L, cholesterol alone, the nephrotic
nats had about 15 times mone label incorponated into cholestenod
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Figure 12 '
Specific activities of unesterified cholesterol in p&;zua
Lipoproteins and Liver after injection of acetate-1-
into noamal and nephaotic rate,
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per ml of plama than did nommal aats, Since plasma volumes in
nomnal and nephrotic rats are the same (see (xperiment 6) , the
natio of incosponation of acetate into toial plasma LI, choles-
tenod is also the same,

Unesterified (folesterols

The concentrations of unesterified cholesterol in neph-
nodic low and high density Lipoproteins were 16 and 4 times non-

mal (Table 20). The peak gpecific activity of cholesterol in
noanal Ly was 1.5 tines greater than $hat in nephrotic anir
mals, whereas apecific actividy of HIL, westerified cholesterol
in nephrotic plasma was about two times normal, Assuming that
the plasma volumes ane the same in nonmal and nephrotic animals
the incosponation of acetate in nephrotic L, cholesterol
was about 10 times nomal and in plasma HiL, about 8 times
greater than nommal,
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Specific activities of total fatty acids of plasma high (baoken
tion of acetate-1-(T% into noamel and nephrotic rata
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Fatty Acida:

The gpecific activity of total fatiy acids was greater in
nephaotic than in nemmal Lipopaoiteins and the amunts of fatly
acids in nephrosis were approximately 7 and 2 Ltimes greater than
nommal in low and high density Lipopaoteins respectively (Table 22),
Since the peak values of 4pecific activities of fatty acids for dow
and high denasity Lipopaoteins in nephrotic animals were 1.5 %o
2 Limes nommal , the total incoaporation of acetate inito plasma
{atty acids in nephaosis was about 14 and 4 Limes greater than noa-
mal in low and high density lipopaoteins espectively. The cuaves
of apecilic activity of fatly acids also show two peaks , and the
early peaks are more marked in nommal animals. Poasibly some of
the activity in early peaks could be due to esterification of the
oontaminants of cholesterol with radioactive fatly acid,

In. romnal animals the gpecific activities of unesterified
cholestenod in the two Lipopotein classes were markedly different
from each other , wheneas in nephrotic animals the values of
apecific activities for high and low density Lipoproteins were
close o each other. The gpecific activities of fatly acids in
the o Lipoproteins were different both in nommal and nephrotic
nats This would indicate that the exchange of cholesterol and
fatty acids (15, 13) between high and low density Lipopaoteins is
mtaapdwugﬁ{o&ﬂtmbéemwuompwl.



Table 22

(oncentration of Total Fatty Acids in Plama Lipoproteins

(mg. /ml. of Plasma)

Group | Low Denaity Lipoproteins | High Densily Lipopaoteins
Mo, [Fommal | Aephuoiic formal | HNephaotic
7 7.3 43 .7 24
2 1.4 8.4 .17 2.7
3 217 77 7.3 33
4 7.2 7.7 7.1 >3
5 7.0 2.1 217 53
6 7.0 7.2 7.4 2.9

/”m 7.3 906 705 }5
1 3.0 0.4 L5 0.4 0.9
Ratio 7 7.4 7 2.3
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The amounts of unesterified and total cholesterol in the
Livers of all animals are Listed in Table 23 The gpecific ac-
tivities of Liven cholesterol at various times after the injec-
Zion of acetate are showun in Fig. 12, The liver unesterified choles -
terol appeans o have Hwo peaks, as was the case with plasma choles-
terwl. As pointed out earlier, early peaks are probably due o
high specific activity contaminants of cholesterol which are pre-
cipitable with digitonin (350, 303, 14). The gpecific activities
of these contaninants are similan in Liver and plasma, suggesting that
they ane neadily incorponated into plamma after thein synthesis by
the Liven.

The values of specific activity of unesterified choles-
#enod in high and low density Lipoproteins were different from each
other, suggesting that plasma Lipoproteins ane either not mixing
with the same pool in the liver on have different rates of ex~
change with the same pool. Since the gpecific activity of Liver
Zotal unesterified cholesterol is lower than that of LU, choles-
2enod in both nommal and nephroiic nats and of HlLy in nephrotic
animals, the formern could not be a precunson of higher gpecific
activity cholestenol of plamma Lipopaoteins, 40 that liver pro-
bably has at least o poods of cholesterol one of which has at
deast the same gpecific activity as the plasma UL, cholesterol.

The peak gpecific activity of unesterified cholesterol in



Table 23

Liver C%,)th

Nonmal Nephrotic
Total | lhesterified Total | lhesteritied
. 4 x.2 5.3 0.4
25.0 2.0 5.6 5.6
23 3 2.8 59.3 544
2% 3 236 82,6 75.0
22,6 8. 4 64.0 436
8.4 17.6 66.6 B4
17.6 756 68. 4 68. 4
79.3 5.6 - 8.0 5.4
8.0 76. 4 18.0 7.6
79. 3 7.2 775, 3 65.6
20, 3 8.8 59.3 %.0
22,0 65.6 65.6
5.4 5. 4
430 42,8
Mean. 22,2 2.1 625 5.0
EYREX .5 21.3 50
a;lmwuz
é%u 9. 16 18, 3




124

nommal Livens was about fuice that of nephaotic Livers (Fig. 12)
and coaredpondingly the amount of cholesterod was greater in the
datter (Table 23).

Hepatic Synthesis of (holestersl:

From the amount ([able 23) and apecific activity of hepatic
unesterified cholesterol (Fig 12) total radiocactivity in unesteri-
Lied cholesterol of Livens was calculated (Table ). Plaama
volimes of the animals were caleulated from their body weights
(Eperiment 6) and from concentrations of cholesterol in Lipo-
proteins the amounts of unesterified dholesterol in plasma high
and low density Lipopaoteins were deduced. The total radio-
activity in plama unesterilied cholesterol was also calalated
and iLs shoun in Table 24,

Noz all the nadioactivity incorponted into unesterified
cholesterwl by the Liver was acoounted fon in the above calcula-
tions, Some of the radioactive (that is recently sythesized )
cholesterol undoubitedly became esterified and some was trans-
ferred 20 ned blood cells by the Lime peak pecific activity of
unestenified cholesterod was obtained, Jn oader 2o deternine the
total amounts of radivactivity incosporated into cholesterol ,
the amounis esterified and transferned into cells should be in-
cluded but the data is not available Hovever , wnesterified
dwlesterod in Livei and plaama makes up the major fraction




Table 24

Radioactivity in Unestenified (holesterol of Liver and Plasna
Lipoproteins (cte. /min. )

Time Nonmal Nephaotic

T r

Wm,l Liver| LY AL Total| Liver| LOL,| HIL,| Total
60 | 7248 28| 10| 763 7700 | 4596 812 13108
90 | V74 Hs5| 14| 10,392| 11,00 638| 28| 18 5%
120 | 11687 54| 77| 1288|1590 Biz| 2517 2,20
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of the total cholesterod pool in equilibrivm with plasma (Tables
20,23), and in the firat Huwo houns cholesterol radivactivity is
present predominenily in unesterified cholesterod of the Liver~
plaama pool (177), ﬂbwv@ if the nates of esterification of
nealy synthesized cholesterol are assumed 2o be nomal in neph-
n04is (Seperiment 9), the total amount of nadicactivity present
in esterified cholesterol in nephrotic plasma will be more than
Tt can tus be safely concluded that the hepatic rate of incor~
poration of labeled acetate into cholesterod is about Hwice noamal
in nephrotic animals, Since it is generally asamed that the rate
of incosponation of labeled acetate neflects the tre rate of syn~
thesis, it may be further concluded that the actual rate of ayn~
thesis of cholesterod from all sources is increased, Table 2
indicates that rates of incorporation of labeled acetate into plas-
ma Lipoprotein cholesterol io mankedly incrensed in nephrosis.
(onclusionas.

1 There is probably an increase in synthesis of choles~
terod by the Liver and in the aate of incorporation of naily syn-
thesiged cholesterod into plasma Lipoproteins in nephrotic rats
2 weeks after the injection of AKS,

2. The Liver has ot least 400 pools of unesterified choles
teaol one of uhich has highen gpecific activity than the other
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2 The:colesterd in the two Lipoproteins of plaana
either equilibrate with different pools in the Liver on have different
nates of exchange with the same pool.
b In noamal nats there is a greater incoponation of
aecmtlydytikedgaidwlutwlin[ﬂpiﬁmin//dpmdam
but mone marked increase is noticed in the nephmwitic animala,
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Gperiment 8
Purpose,
The nephrotic animals (2 weeks after injection of AKS) used

in the last experiment had body weights somevhat greater than the
wntwl avinals, ad the cholesterol in #he Livers and plaana Lipo-
proteins was not freed of the high specific activity contaminants
which are hnoun %o be present after injection of labeled acetate.
The following experiment was undertoken to overome these objectionas.
fowever o changes in experimental design were made. 1. The neph~
motic rats were injected with AKS 6 weeks prion to the experiment,
2. Since mevalonic acid lies on the pathway of cholesterol synithe-
4is from acetate, an increase in synthesis of cholesterol {rom ace-
Zate necessanily implies an increase in synthesis from mevalonic
acid, Tt may therefone be neasonably assumed that mevalonic acid
would have given nesults identical 4o those uith acetate in the pre-
vious experiment, (folestewld of higher specific activity can be ob-
Zained from mevalonic acid then from acetate; for this readon, ithere-
fore, the formen substance was used as a labeled precurson of choles-
Ztewd in this experiment.

Methods:

Fourteen nonmal and 14 nephrotic (6 weeks after AKS in-
jection) nats of sinilan weights were given % dextrose in water
2o drink as the only food for 20 houra Dl-Mevalonic-5"3 MBED
Salt (Naw rgland Muclear (onp. ) waa injected intraperitoneally
into each. Two animals from each group were sacriliced at 15,
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0,60, 90, 120, 15 ard 200 minutes after the injection;
blood and Livers were collected, The plosma was separated in the
wdd, equal volimes from the fwo rats in the group were pooled and
lﬂpmepudpétatdﬁth’ﬁgpuutﬂaie". The amounts of unesteni-
fied cholesterod in the Lipid extracts of plasma Lipopaoteins and
the livers wene determined, Jn oader fo obtain specific activities
of cholesterol in Lipid extracts of Liver Lipoproteins it was puri-
Lied by dibsomination (280), Smceiﬁemmtao{mutwﬂd
cholesteaol in plasma Lipoproteins were not enough for purification
procedune , previously purified wilabeled cholesterol was added 2o
the extracts in known ratios as carnier before precipitation of
cholesterod by digitonin., Faom the gpecific activity of purified
chodesterol (including camrier) and from the relative amounts of
endogenous and carrien cholesterol in the mixtune subjected 1o
purification , the gpecific activity of Lipopaotein cholesterol was
calcudated |
Resl

The time counse of gpecific activity for liver and plasna
Lipoproteins is shown in Figure 14 and the amounts of cholesterod
in the livens and plasna Lipopaoteins in Tables 25, 26, The amount
ol radioactivity present in wnesterified cholesterol of Liver and
plasma Lipoproteins is given in Table 27,



Table 25
Unesterified (holesterol (mg) in Livers of Noamal and Nephaotic
Arimala,

Livers of o animals in Liver per 100 g, body weight
. tDe

Nomal Nephrotic| IMommal | Nephwotic
3%60| 21,00 6.2 hL79
25| M 504 | 654
26| %% 484 7.3
5.4 o4 L83 6.51
92| 484 595 Lo
X.0k| 2520 540 4,65
M| M52 486 493

Mean 2755 2765 53 56

Deviatiol 53| 50 0.5% 1. 16

P Betweer 0.3 and 0. 4




132

Discussion:

The cunves of dpecific activities demnstaate a progres-
sive nise with time neaching their peaks at 120 minutes and then
they decline with time. Deviations from this pattesn appear #o be
aandom and thenefore probably due 2o bisdogic variations in the
Wwo{mﬂdem |

In roamal aats , the specilic activities of the unesteri-
fied cholesterol in the two Lipopaoteins appear fo be similar and
they are higher than those of the Liver, Since the product cannot
have higher 4pecific activily than the precursor and plasma choles-
terod is denived faom Liven the total unesterified cholesterol in the
Liver canvot be a precunson of plasma cholestersl , but that Liver
has Hwo pools one of which has a 4pecific activity higher than that
of cholesterod in plasma Lipoproteins, The two Lipoproteins in the
noamal plasna appear 2o be past of the same pool,

Jn nephaotic animals the gpecilic activities of unesteri~
Lied cholesterol were dower than the conreqponding values in con-
2wola The gpecific activities of cholesterod in high and low den~
aity Lipoproteins wene diffenent faom each other , that in LIL,
being higher than those of HlLy and of Liven cholesterol. This
duggests that in nephrosis the two plasma Lipoproteins mix with
diver pools of different gpecific activities on that the Hwo Lipo-
mmWe&#mmo{WﬂﬁﬁzMemlInﬁe



Table 26

Unesterified (folesterol (mg) in Plaama High and Low Density
Lipoproteins, -

Noamal Nephaoitic

L, AL, , AL,

078 . 0096 G. B5 0, 1250
0763 . 0106 0. 259 0. 1325
L0558 « 0269 0. B4 0,118
. 0386 . 0075 0.694 0, 1225
. 0648 . 0180 0. 408 0, 0625
0750 0255 0. 494 0, 1159
.a58 .0217 0.612 0. 1555
Mean 0777 | 0173 0. 449 0. 1197
5.0 018 .oo77 0, 160 0,028
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Liven, |

The peak amount of radioactivity present in unesterified
cholesterod of Liver and plasma Lipoproteins of nommal rats appeans
2o be 5 times the peak amount present in nephrotic rats Jf the
adaumption is made that the esterification of recently synthesized
cholestenol in nats 6 weeks after the injection of AS is nommal,
as it was in nats 3 weeks after the injection of AKS then, as has
been pointed out in the last experiment, peak amounts give a fairly
close approximation of nelative rates of synthesia (ven if all the
esterified cholesterod in Liver and plasma had the same specific
activity as unesterified cholesterol, the toal cholesterod radio-
actividy in nephtonic nats would still be Leas than 50% of that
present in ondy the unesterified cholesterod of nommal nats. Be-
cause of the relationship of acetate and mevalonic acid in choles~
terod synthesis, a decreased synthesis of cholesterol from mevelonic
acid implies a similarn decrease in synthesis from acetate. Jit is
therefore clearn in comparing this experiment with the preceeding one
that the nate of synthesis of cholesterod was increased 2 weeks after
the injection of AKS but was decreased 6 weeks afien the injection,
That this decrease in synthesis is not associated with recwveny
from nephrosis is demonstrated by the fact that the degree of hyper~
cholesterolania in nephrotic animals was as great in this experiment
as in the preceeding one.

The incosporation of neuly synithesiged cholesterol into



Table 27

Radioactivity in lhesterifiod (olestenl of Liver and Plasma Lipo-
paotein per 100 g. Body Weight (cte/min)

Time Hommal Nephuotic
Liv

injection |Liver |LAL, (HA, |Total |Liver |LA, 1HE,|Toal

(miructes) P P P /"’H

60 77,440 | 6, 535 | 2 779 |86, 75% | 3, 758 5 998 | 1207] 46, 957

9 777,14 9, 12| 90 | 127,222 77,4«41 17,863 1662 %, 972

0| 89,299,193\ 2 34 200, 79| 4, 79 15 39 47,58

1% 62,192 658 | 1718 | 70,598 | 7, 335 12 300202780, 752
L2|oo 8,77 | 7957|2048 |18,802 22,875 11,713 156] 35 974 |
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plaama Lipoproteins was about 1.5 times greaten in nephrotic ani~
mals than in controls, in gpite of the decrense in the nate of syn-
thesis of cholesterod by the Liven. The inconponation of radio-
activity into Hlly, cholesterol was rot much differentin the mw but
t&aimmpmagamiminnep/w&cmimuummpmdtommd
naita,

The amounts of cholesterod in Lliverns of nommal and neph~-

rotic nats were not significantly different.
onclusions:

1. The aate of hepatic synthesis of cholesterol .in neph-
notic rats (6 weehs aften injection of AKS) is mankedly decrensed
while the cwncentration of plama cholesterod is still markedly
elevated.,

2. The incosponation of recently synthesized cholesterod
into plaana LI, is greater in nephadtic aats than in nomnale.

2 The liver has at least two pools of unesterified choles-
Zerod, one on both of which are precunsons of plasma cholesterol.
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Eperiment 9
Introdisction and Purpose:

Jh experiments 7 and 8 specific activities of cholesterol
in plasma and Liver at different times aften the injection of
dabeled precundons were detemmined on samples taken from dif-
ferent animals, Jn onder Lo overcome the possibility of variations
in the rates of hepatic synthesis of cholesterol in different ani-
male , studies on inconponation of mevalonic -2-(1* lactone into
plaama and red blood cell cholesterol were made on samples taken
from the same animals. The purpose of the study was to compare the
nates of incorporation of recently synthesized cholesterod into
plasma Lipopaateins of nommal and nephrotic animals and %o compare
the nates of equilibaation of plasma unesterified cholesterod with
that in the aed blood cells.

Methodas:

Five micaocuries (1.19 me./uM.) of mevalonic-2-(1% lactone
wene injected intraperitoneally indo each of % nommal and 4 neph-
notic aats , paired acconding to their weights Blood (0.2-0. 3 ml)
was codlected in hepariniged capillany tubes at different times
after the injection and plasma was separated from cells immediately
after cwllection, rnimals in groups 24 were exsanguinated 25 hours
after the injection and those in group 1, 8 houns after the in-
_jection , ad the blood wllected. |
#1, 3 weeks and #2-4, 4 weeks altern ithe induction of nephrosis,
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Specitic activities of unesterilied (closed apmbols) and uj:u.,&.ad
(open aymbols) cholesterol aften injection of mevalonio-2-(T% lactone
in nommal (solid Lines) and nephaotic (broken Lines) rats, paired by

weight.
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 The ooncentrations and dpecific activities of unesterified
and fotal cholestenol in the plamma of samples collected at 25
houns (group 2-4) wene detenmined, and concentration and specific
activity of only unesterified: cholesterol were determined in the
plasma of the sample collected at 8 hours fgaoupi)a.,{taﬂtein-
jection. The cells obiained in the eanlier samples were washed
tuice with nomal saline , ectracted in alcohol:acetone , and the
gpecific activity of the cell cholesterod was detemined.

Knoun. aliquoits of plasma samples collected in capillany
tubes wene extracted and their cholesterol precipitated aften the
addition of a fixed amunt of cholesterod as carrier to ensure com-
plete precipitation of the labeled cholesterwol. The toal aadio-
activity in the unesterified and total cholesterol of all plasma
samples was determined, Assuming that there was no change in the
plasma cholesienod conceniration during the experimental period ,
the specific aciivities of unesterified and esterified choles
zeawd were calaulated from their concentration in the last samples
of plaama.

Results and Discussion:

Plasma concentrations of cholesterol of aats in all groups
are given in Table XB. Jince the wo aats in each group had
similar weights , their plama volumes were asaumed to be identical
(see Speriment 6); 2hus the ratio of total cholesterol in plama
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Specilic activities of w ified cholesterod in plasma(closed
symbols) and ned blood cells (open ambols) after injection of
mevalonic-2 (14 lactone in nommal (solid lines) and nephaotic
(broken Lines) aats, paired by weight.
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pools was the sane as the ratio of the cholesterol concentrations in
plaaaﬂableﬁ/. .

The time cunse of specific activities of unestenified and
esterified cholestewd are given in Fig.15 The peaks of specific
activity of plama unesterified cholestewl for noamal as well as
nephaotic rats were neached about 2 hours after the adninistration
of mevalonic acid, The peak of contrwol plasmas were always highen
than in nephrotica The ratios of their peak gpecific activities
are given in lable 29 , and taken with the amounts of cholesterod
present in plasma , the ratios of peak incorponation of mevalonic
acid into plasma unesterified cholesterod were calaulated and are
shoun in the same table

- I the deviation from nommal concentration of unesterified
cholestensl in plasma is token as an index of the severity of the
AS disease , the aimals with most severe nephrosis had greatest
Mapoadian of lobeled mevalonic acid into cholesterl (Table 29)
and the animals with the mildest degree of nephaosis demonstaated
mevalonic acid incorponation into cholesterod only slightly greater
than nommal. This indicates that increased plasna concenirations
of cholesterwl are associated with incrensed rate of entay of un~
esterified cholestel from Liver into plasma , provided the pools
of mevalonic acid (on its products , which act as precursors of
cholesterol) are of the sane size in nommal and nephrotic aata.
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Table 28

(oncentaations of Plama (holesterod in Normal and Nephrotic Rats

( mg. /100 ml. )
Soup Noamal Nephrotic
Ao, Total Unesterilied | Total | Unesterified:
7 - 17,2 - 235
2 220 6.0 28.4| 1251
3 35 9.0 119.8| 37
4 b, 5 729 72,1 22,6
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The appearance of radioactivity in esterified cholesterol
was much slower than its appearance in unesterified cholesterod
The specilic activity appeared to achieve its peak around 8 houns
aften the injection in all animals, The pattens of the Lime course
of gpecific activity of unesterified and esterified cholesterol did
not show any consistent on significant difference between noamal
and nephaotic aats of each group, Since the ratio of unesterified
to esterilied cholesterol does not change in nephrosis (18) , the
specific activity cuves supgest that fractional rate of esterific-
Zion of nealy synthesized cholesteaod is nommal in nephaosis,

Radioactive cholesterol appeared also in aed blood cells.

In nommal. animals the specific activity of exythrocyte cholesterol
reached its peak ot 8 houry except in one casde in which it reached
a peak at 5 hours; in nephaotic animals the peak gpecilic activity
of cell cholesterol was reached about the same Lime as in noamals,
The peak 4pecific activity of plama cholesterol was always greater
than that of cell cholesterol. The time fon equilibaation of spe-
cific activities of plasma and cellular unesterified cholesterol did
rot appear %o be different in noamal and nephrotic animala,
onclusions:

1. Jn AS nephrotic rats there was an increase in the entay
of nealy synthesized cholesterol faom Liver inito plasna and this
dncrease was greater in aats with greater degrees of hypencholes-
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Table 29

Ratios (Nephrotic/Nommal) of (oncentrations , Peak Specific
Activities and Total Radicactivity of Plasma Unesterified (holes
Zenod,

Goup | (oncentration |Peak Specific |7Total Radioactivity
Ao, Activity

7 217 0.8 .7

2 2.8 0. 4 8.3

3 27 0.4 1.5

4 7.6 0.9 7.4
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Zerolenic.
2 The fractional rate of esterification of neuly syn-
thesized cholesterwld appeaned to be nommal in nephaotic aats.

3 The fractional rate of entry of neuly synithesized
colesterod from plasme into red blood cells appeared #o be nommal
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Turnoven Rates of Plaama (holesterod

To deteamine the Zusnover 2ates of plasma cholesterolyi-(1-
cholesterol was introduced into the plaama as a tracer and alier the
period of its equilibaation in the readily exchangeable pool , the
aate of its disappearance was observed,

Since cholesterod is only gparingly soluble in water and
disappeans from the blood very aapidly when injected in aqueous
supension (B4) , 4-(T4cholesterol was "solubiliged” in nommal
nat senm Lipoproteins (B4) before injection. The nates of disap-
 pearance of the label from the blood of nommal and nephrotic rats
were determined in the following two studies o see if the disap-
peanance of the taacen from the blood was comparable o that of
dwlesterol present in a physiological state,

Cxperiment 10,

Che noamal and one nepirotic rat of equal weight were in-
jected with equal amounts of senm labeled with 4-("4-cholestenold by
the method of Avigan (B4). Aliguots of blood were collected at
hourly intewals and aadioactivity in equal amounts of plasma was
detemnined in all samples

The time cvurses of disgppearance of radioactivity faom nor-
mal and nephrotic plasa from 1 10 6 hours are shoun in Fig. i7.
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(xperniment 11

Three noamal and fwo nephrotic nats wene injected with the
sane amount of senm lobeled with 4=(T*-cholesterol by the method of
Avigan and aliquots of blood wllected at 1, 3 7, 13 225 and
47. 5 hours aften the injection. The amunt of radicactivity in ali-
quots of plasma was detemmined in all samples,

The concentration of radioactiviity in blood at various Zimes
after injection ane shoun in Fig. 8.

Discussion:

1. (holestenol in unphysiological form,when injected into
nats disappeans very nopidly from the blood, only #o neappean after
being inconponated into Lipoproteins (B4). The label adninistened
in the last two eaperiments did not disappean from blood Like choles-
Zenol in suspension, and the halflife of disappearance of radivactivity
from blood was about 17 houns uhich is comparable %o 15 hours cal-
adated from the data obtained from rats injected with in vivo
dabeled semum (Fig. Y, Line 1, Ref.28%).

2 The anves of disappeanance of nadioactivity with time
show two components; the initial slope, presmably due 2o equili-
bnation of label in the neadily exchangeable pool, lasted up 4o 7
hours botly in normal and nephrotic rats, and the second slope, which
was analler than the first, neflected the nate of disappearance of
radioactivity from the pool.,
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3 The blood had greater amwunts of radivactivity éd neph-
notic animals than wntrols indicating either a decrease in sige of
the pool in which the isotope was diluted on that the fraction of

the readily exchangeable pool in the vesculor compartment was greater
in nephrotic animals than in nommal nats,
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Expeniment 12
Purpose:

To determine the tumovenr rates of cholesterod in plaama,
dow and high denaity Lipopaoteins in normal and neplrotic nats
(3 weeks after the induction of nephrosis) and to study the nate of
traansfen of cholestenol from low density 2o high density Lipopro-
Zeine.

Methods:

Seum Lipoproteins wene labeled with 414 cholesterol by
Zhe method of Avigan and the LU, were islated from the labeled
seum in a prepanative ultracenirifuge. W&o{&bddlﬂp
diluted in nomnal saline were injected intravenously into nommal and
nephotic nats Blood from thaee rats in each group was cwllected at
0.5 1.25 4 8, 14 24 48 and 82 hourns after injection and pooled.
Plaama Lipoproteins were separated into #wo classes and amounts and
dpecific activity of unesterified cholesterol determined in all
4pecimends,

Reaulis and liscussion:

Unesterified cholesterod was increased in concentration in
nephwtic plaama as compared fo rommal. The increase was found both
in high and low density Lipoproteina (Table ). The variability of
the increase in cholesterol in different groups of nephrotic animals
seaned tv be nelated to vminbili.tyininmmeinlﬂp; increades
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Table 30
Arownts of lnesterified (holesterol in Plamma Lipoproteina
ﬁnp./m(. of Plaana)
Hoamal Nephrotic
LH.P //tlp m.,, //LZP
7 .0237 0529 1. 1649 0, ¥21
2 087 .0527 7. 0406 0, 2000
3 0262 0329 0. 381 -
4 0427 . Ol7l 0. 9984 0. 2920
5 0F8 . 0600 0. 9257 -
6 .0%0 . 0469 0. 2109 0. 2506
7 085 - 0. 4734 0. 19
8 0410 . 0921 7. 134 0. 3266
9 023 0653 - -
Mean | 0.0%0 0.0%9 0. B45 0.2708
3.0 0.0083 | 0.0173 0. $70 0. 0666
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in chodesterol in //Llp wene more unifoan but less than the increases
in chodesterol of LUy, The 4pecific activities of unesterified
cholesterod in plasma high and low density Lipoproteins are given
in Table 31. The values of total plasma unesterified cholesterol
dpecific activity wene obtained from the total anounts of choles-
zerod and nadioactivity in the fwo lipoproteins and are also given
in Table 31.

The time cuwwes of gpecific activity in all cnses showed two
components: a steep fall in eanly period up to 4 hours after in-
jection, which probably represented predominantly the mixing of
injected materidl in the pool with which plama cholestenod is in
equilibrium, and a slower decline repnesenting the net loas of
radioactive cholesterod from that pood,

The second component was used Zo calaulate the pool size
and the fractional tumoven rates (358). Logs of specific ac-
zivity values were plotied against time and the lines of best Lit
were calculated by the method of least squanes (Fig. 19). Frac-
tional dumoven nates fon the tuo Lipoproteins as well as total
plama unesterified cholesterol were calculated from the ceffi~
cients of negression of these lines and are given in Table 32,

By extrapolation the values of gpecific activity at '0' time were
estimated, Half an hour after injection of the labeled La.P
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swlition the specific activities of All, cholesterol in both nor-
mal and nephrotic rats were half that of the LIL, cholesterol
(Table 31), auggesting a more rapid incosporation of label from
the injected LLZP into haz‘i.ve'//ﬂ.P 2han would be expected from the
estimated Zurroven nates of native Lipoproteins, even if all the
Ay unesterified cholesterol were derived foom [y, Che will
have 2o asume that the initial fate of the injected LU, and

its nadicactive cholesterol was not Like that of native LIL,
moleculesa This obsewvation was confinmed by injecting anothen
batch of labeled LI, into a amall group of animale,

Nevertheless the radivactive cholesterol present aften 1
mirutes in high and low density Lipoproteins, appeared to be in
phyasiological stite fon the following three neasons:

1. Durning the process of normal exchange of cholesterol be-
tween different molecules of Lipoproteins, progressively greater
anounits of labeled choleaterod would become associated with native

Lipoproteina,

2. The fractional turnover rate of plasna unesterified
cholesterod in nomnal rats was in agreanent with published neports
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(289, 290).

2 The esterification of labeled cholesterol in nephaotic
HOLp was noamal in w0 fait as slopes of specific activity are con-
cemed (Fig. 20).

- The difference in fractional tumover aates of LIL, un-
esterified cholesterol in nommal and nephrotic animals was statis
tically not significant , though the fractional fuover rate of
HiL,, wnesterifiod cholestersl in nephuotics was lover (significms
at 5% “.LeveU than that of control animals (291).

- Jn noamal animals the fractional tumover rate of unes-
Zerified cholesterod in HlL,, was greater than that of LL,, Gholes-
iwl.‘} &na/fﬁp carnied mone o/w,l.utwlz%mlﬂ.,,inplmo{
rommal nats , the actual tumovan rate of p&um”[lp cholesterod
mmg./“//wmu Mmﬂzmiﬁaio{l.dp cholesterol, Hence all
the ﬂ[lp wnesterified cholesterod could rot have been derived from
LI, plaama. Jn nephrotic rats the fractional tumover of //[lp
inesterifiod cholestersl was Less than that of LUL, chalestersl in
plaana, &mbznqoﬁmwplmlﬂpﬁw/egmwtmmm of
cholesterod than L, (Table 30) , the actual tumover of LA,
Mmﬁddolgdwluwuﬁmiﬁdo{ﬁ[lpmutedﬂd
holesterl.

The {ractional turnover nates of plasma Lipoproteins ne-
ect also the fractional tuover rates of pools in the Liver with
Mpi\[waic,wpmim equilibrate rapidly , and in liver no
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Table 37

Specific Activities of Unesteritied (holesterol in Plasna and

Lipopaoteina,
(cta/min, /mg.)
Time. HNoamal Nephrotic
a#:w Loty |Hitp | Total Plaama || LL, | HELy | Total Plama
n
houns)
0.5 3900 | 1557 2121 1921 788 7652
.25 2226 1022 1012 19| 992 999
25 |1B1 | 97| 1294 ||105| 635 -
40 7015 992 7002 72| 592 746
o 1A | 98 %99 || 88| w6 .
mo | 85 | 658 759 | |12 é13] 900
20 |82 | - - 68| 43| 497
8o |z | 1B 97 || 28| 4|
- 820 283 75 1% 135| 173 -
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such differentiation into fwo classes of Lipoproteins is knoun.
Thus the total amounts ﬁng./ﬁau}tmdovainﬁemmb&d
plasna-liven pools cannot be calaulated,

There is transfer of cholesterod from one Lipoprotein o
ﬁeoi/teamtonlgi_ﬁ!_{.!g{ljgjbuimwc&udng,ﬂteﬂmeta/zm{aa
their separation in the prepanative ultracentriluge (Sxperiment 14).
The nates of transfen between the two Lipopaoteins were not hnown
40 that the tawe turnover nates for the Lipopaoteins could not be
calculated, However , the obsewed difference in the turnover
aates of cholestersl in HlL, probably reflects a neal difference ,
AL'ncei/r.eUlP cholesterol had similan tusnover nates in nommal
and nephrotic rata,

When cholesterol in the Hw Llipopaoteins is considered as one
pool , the determination of its fractional turnover rate is not af~
fected by transfer between Lipopaoteins Jn order o compare non~
mal and nephrotic aats , the gpecific activities of plasma un~
esterilied cholesterol were estimated from the amounts of choles-
2erol and nadioactivity present in boith Lipopaoteins at different
Zimes and fractional turnover rates calculated as for individual
Lipoproteins, They were 1.2%/hour for nommal animals and 0.8%houn
for nephrotics , indicating that the nommal nats had a fractional
tunnover rate 1.5 times that of nephrotic animals, When the alopes

of gpecific activity of total plamma unesterified cholesterwd
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Table 32

Fractional Turnover Rates (%/hour) of Unesterified (holesterod from
the Pools of Plaama Lipoproteins in Nommal and Nephrotic Rata,

(fodestenwd in | Noamal | Nephrotic | P values

L, 7.9 2.3 30.05

ALy 25 7.5 { 0.05

Plasma 1.2 0.8 £ 0.05
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were extrapolated back 20 '0" time, the values of specific ac-
Livities obtained were 160 and 800 counta/minute/mg. for nommal and
nehmotic nats , nespectively, This indieates that nephrotic aats
have a Liver~plasua pool of unestenified cholesterol about 1,5 times
laager than nommal rats, Thus the turnover aate in mg. /hour of this
pool is very similanr in the fwo groups of rate |

Though the exchange of labeled cholestemd of plaama Lipo-
proteins with unlabeled cholesterol of other tissues goes on 40 a
minon degree (213) , the tumnover rates detemmined from 4pecific
activities of unesterified cholesterod from 482 hours after the in-
jection of labeled Lipoproteins reflect predominantly the rate of
replacement of cholesterol of the plasma-Liver pool by neuly sny-
thesized mlecules Thus any difference between nomal and neph-
notic rats in the nates of exchange of their plama cholesterod with
other tissues would not alter the signilicance of turnover rates as
neflection of rates of synthesis,

Since plama cholesterol mixes with the pool in liver veny
napidly (177) , the difference in the specific activities of un-
esterified cholesterod of high and low density Lipoproteins of plasma
suggeat that Liver either has different pools fon the tuo Lipopro-
Zeins on has one pool with different rates of mixing with the #wo
Lipoproteina,
onclusions:
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1. Jn nommal raits the fractional tumoven rate of unes~
taiﬁdaﬁolutwla{ﬁﬁpugnmtmiﬁm.ﬂmto{lﬂp h
nephrosis the fractional tumover rate of UL, cholesterol remains
nommal but that of Hlk, cholestenol is decreased 2o. about half that
of the noamal HlLy and is alao less than the fractional turnover
aaéeo,f LU, unestenified cholestenol in nephaosia,

2. The fractional furnovern rate of plasma iotal unesteni-
fied choleaterod is decreased in nephrosis o about two-thinds nos-
mal, but the actual amounts turned over ane probably the same as
nommal on acoount of the increase in the size of the pool in neph~
no4is

3 The liver either has two sepanate pools fon the Lipo-
proteins of plaama on has one pool with different rates of equili-

bnation,
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Studies on Exchange of Labeled (holestersl Betvean High and Low
Doty Lipopotain

Punposse:

In. Expeniment 12 the tusnover rates of unesteaified cholesteaol
in plasma Lipopaoteins vene detewnined aften injection of LIL, sepa-
nated from senm labeled with (1%-cholesterol in vitro (B4). A
significant transfer of nadioactive cholesterol from the injected
matenial 4o the native HlL, was noted %o have taken place within 30
mirnutes aften the injection. Fn experiment was therefore done o
assess the extent of transfer of labeled vdwleatwl{mml.[lp
prepaned a4 in Experiment IZMMMﬂgpboﬁaplm
Lipopnoteins when incubated together in vitro,

Method:

Twenty-one mls of nomnal aat sewm wene dabeled with (14-
cholesterod in vitao (B4), using 25 ne of the radivactivity die
 persed on 50 mg. of celite powder. T;xuvtynl. of labeled seum ,
10 ml. of unlabeled noamal rat semm and 5 ml, of nephrotic rat
serum werne each separated into high and low density Lipoproteins
in a preparative ultraceninifuge, The upper 1 ml. from each of the
foun tubes containing labeled llp,md the subnatant containing
Mded//dpmepoaled Simidanly , L, were separated from
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the HlL, from the samples of unlabeled nomal and nephroiic sera,
Labeled Lipoprotein solutions were mixed with solutions of un-
dabeled Lipoproteins and sera in the volumes as indicated in
Table 33. The mixtures were incubated fon I minutes at 3P and
The gpecilic activities of unesterified and total cholesterol were
Results and Discussion:

The nesults are given in Table 33 The shift of radio-
activity from the labeled Lipoproteins 1o the unlabeled Lipoproteins
was veay marked in all instances

When labeled Ulp wene incubated with nommal o nephrotic
Aamtheqoedﬁcacﬂyityo{mutaéﬂdcholutwlmﬂlp
was found 2o be more than that of LI, cholesterol. (ven if the
nate of exchange of cholestenol between the Hwo Lipoproteins was 40
rapid that the two lipopmoteins had reached equilibrium , the speci-
fic activity of AL, cholesterol should not have become mone than
that of LU, cholestewd. Lipoproteins dose part of their native
Lép&daoncmm{ngationmpnqoumﬁéveulwcmy{ugefazj
and the cholesterol which has been added in the plasna Lipoproteins
in excess of thein physiologic amounts may be mone Likely 4o buoak
doose from the Lipoprotiins and sediment, Since the //L.lp were no
isolated by {loating and the mixture aemaining in the Zube after the




F7° for P Mirutea

Table 333

Specific Activities of (holesterod in Lipopaoiteins on Separation in
a Preparative Uiracertrifuge after Jncubating their Mixtures at

(cta/min/ng)

lnesteritied (folesterd

Total (holesterol

Mixtures
Low

a" .::

Wa -.‘:

Lo Donsidy

iy

Labeled e
(0. ml) %mx
seum (5.0 nl)

13 397

16, 157

13013

8, 249

Labeled LA
(0. 53] # Feph-
notic (5.0al) Serun

2219

5 566

532

303

Labeled LI
(1.00l) + contaol
/{[lp Solution
(8.0ml)

P 751‘: 955

67,99

65 583

75, 04

Labeled LiL
(1.00) + neph~

%, %60

7,657

29, 409

8,0%

Labeled //a.,, s0l-
wtion ﬁgoall} L
oonteod LA

%, 577

(1.0al) ?

225, 045

51, 100

85 172

]

7, 162

14, 984

29,003
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nemoval of LU, was taken as the All, solution , ithe lobeled choles
Zenol which may have sedimented was counted along with that of
l/ﬂ,‘o.

The gpecific activities of total cholesterwl contained in
HLp were only half thot of the cholesterol in LIL o 7 apparenitly
6ecmwe the //ﬁ.f, oontained much higher pu.centag,u o,{ estenified
cholesterol than the LU, and ithe label was introduced in unes-
terified cholesterol.

When the labeled LA, was mixed with solutions containing

P
m.[abeledr‘/[l ﬁeﬁma{uo{labdmmcﬁlmﬂzmdwung

bwzbaﬂ.onwd/ti/z.edm, perfuaps because of diffenent physical
conditions in which the Lipopaoteins existed,

W/tm.labe(.ed//ﬂ. solutions wene mixed with unlabel.edlﬂ.,,
the AL, Zotal c&aled.wl/wdaqow#cactwdgabowtmm
the wz.utw.,{wd cholesterod 4-5 times the specific activity of
L{l{o cholesterwd. The difference in part at least , may c 'be '~
due 1o the presence of loose labeled cholestenol in the solistion
wniaining //ﬂ However , the presence of labeled cholesterod
ma‘/LeLﬁ. mt/:ummmdwatdawwm
Wlbmmwbpmiwwmww aonditionas

There was no significant difference in the exchange of
dabeled cholesterod in mixtures containing nommal on nephrotic Lipo-

proteins, The label was introduced into all mixtures only with the
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nonmal Lipoprotein and thus not much significance can be attached
2o this obsenvation,
(onclusions:

1. The labeled cholesterod from the Lipoproteins of the
senm Labeled in vitnw by Avigan's method (%) exchanges in sig-
nificant. amounts with other Lipoproteins when incubated togethen
at 37 (G fon 30 minutes and then separated in a preparative ulirna-
contiifupe.

2, The labeled cholesterod, when introduced into the semm
in vitro (284), may leave the Lipoproteins mone easily than the native
cholestenod molecules of the Lipoproteina,

2 The trnansfer of labeled cholesterol from the injected
LU, 2o native flly in experiment:12 may have been due either o
physiologic exchange of cholesterod molecules between the fuw
classes of Lipoproteins in vive, on o an artefact of preferential
release of labeled versus ron-labeled cholesterod molecules from
the injected LlL,,

Experiment 14
Introduction:

The Zaansfer of labeled cholesterol faom the injected LIL,
2o nwéi_vet‘/ﬂ.lain experiment 12 could have been due o the unphy-
siodogic state of the labeled cholesterol which was "sodubilized"
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int/zeamldp. Thus the following experiment was done to de-
zemine if there i any transfer of cholesterol faom in vive

labeled Lipopasteina,

Puspose:

To compare the etent of transfer of labeled cholesterod faom
Leolated Lipopaoteins 1o the Lipopaoieins of nommal and nephrotic
dera during the course of 4 ion of Lipoproteins in a prepara-
tive ultracentrifuge.

Aethod:

Che nephrotic and fwo nommal rats were each glven Jic, of
mevalonio-2-(14 lactone and 4 hours laten thein blood was collected
and plasma Lipoproteins sepanated in a prepanative uliracentrifuge

Labeled Lipopaoteins from 5 ml. of nommal and nephaotic sera
were mixed with 5 ml. aliquots of {resh uwnlabeled sera from nosmal
preparative ultracentrifuge for separation into low and high density
Lipoproteina.

The anounts and gpecific activities of unesterified and total
of esterified fractions calculated,

Reaults and Discussion: (Table )
W/Lazlabddupmuxd' with noamal semm , the specific




Table 3%

Exchange of Radioactive (holesterol between Lipoproteins Jsolated

faom in-vivo Labeled Plasna of Noamal o Nephrotic Rats.

» (Cholestenol
To ., lhesterifi Eateniti
mg. mg.  mg. mg.
s Nommal | h ’
Lapf Lzlp**p494 B0 0.217 0 .77 4y
| HAp*N. 04 560  0.142 Z0 .35 332 g w0k
" LAp*™P. 375 1470  0.143 14D 0.232 1500  |B**
e 0 9D 0.180 350 .70 1675  f3ve
‘ Nephrotic o
0 LAp*p. 7110 70 2432 2760 268 - 0 *xx
i HLp** B.885 580  1.01 6o 4584 5% ok
i LAp* W30 100  1.786 90 252 107 o7 xx
o HAp*™ 60 220  0.795 22 2662 45  Salal
*  [abeled Lipoprotein mixed with plasma 6e{ouw.4gomaﬂﬁ Lo

¥ Lipoproteins 4

HHNk

Lipoprozeins with undabeled

cpanated from plama after mixing

lheaterified cholestenol as per cent of toial.
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activity of unesterified cholesterol in the two Lipopaoteins wos
found 1o be similan. The iranefen between esterified fractions was
comparatively much less, When lobeled HIL, was mixed mith nomal
seum , the transfer from the esterified fraction was more than that

The labeled Lipopaoteins were obtained from sera of animals
4 hours after the injection of mevalonic-2-(1% lactone and at that
Zime the specific activity of esterified cholesterol was observed %o
be fairly close 2o that of unesterified cholesterol (Gxperiment 9),
(onaidening that HlL, have more total cholesterol than LA, in noa-
mal animals , and the esterified cholesterol makes up a much greaten
fraction of this total , it is not surpaising that absolite Zaansfer
of esterified fraction from the labeled HL, o LOLP was 40 much that
ﬁeyecéﬂcadéviiyo{lﬂ,,at«iﬁddalutwlbmqmﬁtg
close to that of ML, cholesterol. Since the HlL, was found 1o have
only 9 and 15k of its cholesterd in unesterified foam , as against
ﬂmdmmmp, the rise in gpecific activity of unestenified
cholesterwsl in LUy was much less than in that of esterified choles
zerod,

The ransfer of radioactive cholesterol in mixtures of neph-
rotic Lipoproteins and sera were found o 6e}-udtlw¢umpud
40 nomals , indicating that under the same conditions , the faac-
Zional rates of exchange between nephaoitic Lipoproteins was much lover
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than that between nomal Lipoproteins except in the case of unes-
tenified cholesterol uten Labeled HL, were mixed with the semm,

The transfern of cholesterod from the isolated Lipoproteins
oy ot neflect the aate of rmafer from Lipopoteins in vive,
The gpecific activities of nommal high and low density Lipoproteinas
becane similarn 4o each other during the wunse of their separation
in the preparative uliracentrifuge after iclated lobeled LU, were
mixed with urdabeled nommal semm. Ch the other hand, the gpecific
activities of plama Lipoproteins of animals aften the injection of
acetate-1-(1% were found #o be very diffenent from each other after
thein separation in the preparative uliracentrifuge. Jt is probable
that the conditions for separating the Lipoproteins in preparative
ultracentrifuge weaken the bonds of Lipids to Lipoproteina Jt has
been obserwved that isolated Lipopaoteing lose 20-30% of their Lipids
each Lime they are recentrifuged unden the same conditions (292,
Since the gpecific activities of HlL, never became more than zhose
of LI, uhen Labeled LI, were mixed with unlabeled sera, as hap-
pened in Speriment 13, the impression that the labeled cholesterod
added 2o the semm in vitro f&?’l/uaelmedwaemdyﬁmt/ze
native cholesterod of plasma Lipoproteins is corobonated,
(onclusions:

1. There is exchange of chodestenol moleaules between iso-
dated Lipoproteins in vitro. Such an exchange, however, may not
neflect the nates of exchange betveen native Lipoproteins in vivo,
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2. There seems 10 be an exchange of estenified cholesterol
as well as of westerified cholestensl between the Lipopaoteins ,
though the fractional rate of exchange of unesterified cholesterol
molecules may have been more than that of esterified cholestewl

2 Thpaadnpeo{mataiﬁédoﬁolatwlmﬂﬂpm
much analler than that in LUy of nommal and nephrotic aata,
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Studies on fxchange of Labeled (holesterol Between Semm Lipopaoteins ,
and the Liver,

:ht.&d l.ﬂﬂ o

Oh injection of AKS in aats, an increase in cholesterod con-
mamwmmwmma/z@).
The nate of equilibration of cholesterol in plasma with that in Liver
i 40 aapid as compared to the rates of incorporation of neuly syun~
thesized cholestersl into plasma Lipopaoteins and the aates of ex-
change between plamma and other tissues , that for most purposes
Liver and plasma cholesterol can be considened as one pool (154 ).
Jn disease atates any increase in hepatic rate of sypthesis on de-
gradation of cholesterol should affect the plama + Liver com-
ponents of the pool equally unless:

1. The nate of equiilibaation of cholesterol between plasma
and Liver is mankedly decreased from nomnal so that changes in he-
patic rates of :-synthesis oa degradation are not reflected .in plasna
2o the same extent as in liver JI this were 40 then an incaease in
hepatic synthesis would be most evident as an increase in concen~
taation of cholesterol in the Liver aather than in the plasma,

2 Jn addition o the incaease in amount of cholesterd in
the pool , other changes also ocaur which altea the distribution of
cholestenod in the pool,
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To explain the increased concentration of plasma choles~
zenod and noamal content of hepatic cholesterod it was suggested
(262) that there was "trapping” of the lipid in the plasma, The
Zunrover rate of plasma cholesterol nellects the rate of entry
and #xit of cholesterod, into and from, the entire Liver-plasma
pool and was found nommal in rats 3 weeks after induction of
nephrosis (Expeniment 12). In onden 2o atudy the nates of ertry
and exit of cholesterod, .into and from plasma alone the following
experiments were done,

Gxperimendt 15
Purpose:

To compare the faactional nates of exchange of unesteri~
fied cholesterol between plaama LI, and Liven,
Method:

Noanal. and nephrotic sena wene labeled with 4=(1%-choles
Zerol suspended in Tween 20 and LU, wene then separated from then,
Aliguots of nomal Llp onitaining 575 000 counts per minute in
2249, of unesterified cholesterol werne injected into each of 5
nomal. aats and aliquots of nephwoitic L, containing 480,000 counts




Table 35

Radioactivity (percent of uycc.ted dose) in Livers , 10 mirutes
after the Adninistation of UL, Labeled with (P4(holestenl

Nomal Nephrotic
7 7.8 21.9
2 626 | 622
3 .8 42,2
4 4.3 3.9
5 2.6 8.0
6 | - 65.0
Nean %.0 8.3
3.0 7.7 7.1

P >0, 005
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per miruste in Mg of unesterified cholesterol wene injected into
each of 6 nephwotic aats The nephuotic aate had seum cholesterod
ooncentrations between 110 and 248 mg. /100 ml,

The blood and Livens (after being perfused face of blood)
were collected faom all arimals , 70 minutes after injection of
dabeled cholesterol. Amounts and gpecific activities of unesterified
cholesterol of plasma and Liver were detemnined,

Results:

The nesults of hepatic uptake of injected radioactivity are
given in Tables 35 and ¥

Discussion and (onclusion:

The resulis suggest that labeled LU, cholesterol dis-
tributes itself in the plama~Lliver pool napidly alter intravewus
injection. The mean gpecific activities of Liver total unesterified
cholesterod 10 minutes after the injection of labeled Lipoproteins
were 9. 5 and 15 4% of the gpecific activities of unesterified choles-
tewl of plasma in noanal and nephmtic rats , aedpectively. The
difference was not signifiomt at 5% level,

Subsequent o completion of the above study a repoat (293 )
0o published showing that cholesterod sugpended in Toeor 20 is selec-
Zively picked up by the Liver, Hence the quantitative agpects of the
above atudy are questionable. |



Table %

Specific Activity of Liver Unesterilied (olesterol as percent of
Specific Activity of Plasma Unesterified (folestenol 10 mirutes after
the Shjection of L, Labeled with (M4(holestersd

Noamal Nephaotic
7 %5 7.1
2 47 8.6
3 70. 3 27
4 71 212
5 59 70.0
6 - 74,0
Mean %5 .' 154
>4 59 | * 42
P - >0.05
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(xperiment 15

Puspose:

The last experiment indicated that 10 minutes after injection
of LU, labeled with 4-(TH-cholesters] suqpended in Twean 20 up 2o
63% of the radioactivity injected was detected in Liver. Jt is
posasible that the labeled cholesterol and Tween 20 remained Linked
in the injected L, (294) and Liver selectively picked up the choles
tewl associated with it (93), The following experiment was there-
fore undertaken to overcome the presence of Tween in the injected
material by comparing the hepatic uptakes in noamal and nephroitic
animals of nadicactivity from the plaama Lipoproteins labeled in
vivo with (T4-cholesterol.
Nt

Red blood cells were collected from nommal and rephrotic
rats 2 hours alter injection of (T4-mevalonic acid, The cells were
washed and thein aliquots were incubated with fresh nommal and neph~
aotic sera in the cwld overnight., The sera were separated and 0.5
ml. aliquots of noanal and nephmotic sera were injected intravenously
into 9 nomal and 9 nephrotic (3 wesks after injection of AKSY aats ,
all pained by weight, |

Aliguots of nommal sexm had 23,895 counts per miructe in
650 ug. of cholestenod and aliguots of nephrotic semm had 60, 780
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Flgme 27

Tnansfer of nadivactive cholestenod into Liver after injection of
sena labeled with (T%-cholesterol into nommal and nephrotic rata,
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ounts per minute in 1, 540 ug. of cholestewol. However , the Lipids
other than cholesterod in the aliquots had 1-1, 5 Limes the radio-
activity present in cholesterol. AUl the radioactivity was obiained
ultinately from (T4-mevalonic acid.

The mevalonic acid has fwo Leomers; only one is irneveraibly
inconporated into cholesterol and the other is excreted in the wrine
within 4 hours after injection in a muse (167). It is possible that
the metabolically inactive exantimosph can pass from plasma to cells
and back {reely before being excreted in the urine, 4o that it may
have been present in the red blood cells obtained 2 houns after the
injection of mevaloric acid, ad passed into the semm during the
incubation. Thus the radivactivity present in Lipids other than
cholesterod , in the aliquots injected , may have been a biologi~
cally inactive isomer of (14-mevalonic acid , and it was asamed
that the radioactivity present in Lipids other than cholesterwd was
not incosporated into Liver cholesterol during the sort time of
this experiment,

Aﬂaﬁei@mo,{wdddé«a, dLivers were perfused
Lree of blood and removed from three control and theee nephrotic
nats at intervals of 5, 10 and 15 minutes The amounts of toial
cholesterol and aadioactivity were determined in livers of all ani-
m&/ﬂvmlu,&vmmmdmta{oaﬂzddwfndiono{mﬁa—
activity vere lost),



Awounits of (folesterol (ng) in Livera

Romnal Nephnotic
227 11. 25
8. F 12,20
70, 40 222
70, 74 14,62
77,43 75, 48
17. 53 7566
71,82 7725
2.5 72,92
4o 42 9. 90
Mean. 71,17 1528
5 79 2.9
P value Z 0.01
Values i rciend P 8.9
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Reaults:

The Livers of the nephaotic animals had greater amounts of
cholesterol than noanal rats of identical weights (Table 37) The
difference was significant at the level of 1%

The hepatic uptake of labeled cholesterod increased with
time both in nommal and nephrotic rats (Fig.21) , but the nephrotic
Livers had a slightly greater faaction of injected radivactivity than
noanal Livers,
onclusions:

The fractional aate of exchange of cholesterwl between plasma
and Liver in nephwotic aats was slightly greater han that in nommal
nats and in view of the increased concentration of cholesterol in
nephaotic plama (amound 250 mg/100nl as against 45 mg, /700ul in
nomnal) the actual rate of taansfer faom plasma to Liver was mar-
hedly increased in nephaotic animals,
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(xchange of Labeled (holesterod Between Plasma Lipoproteins and
Red Blood (ells

Introduction:

The exchange of cholesterol between plama Lipoproteins
and Liver (Expeniments 15 16) appeans 2o be of an entirely different
natune than that between plawna Lipoproteins and ned blood cells.
(oncentration of cholesterol in Liver can be eadily increased
by increasing the concentrations in the plama (237) whereas the
anount of cholesterod in ned blood cells canot be altered even
if the plaama concentration increases ten fold (133). The choles-
Zerod in plasma Lipoproteins exchanges isotopically with that of
ned blood cells, from and ondo gpecific sites (133). Thus in
onden %o detect any alteration in the avidity of nephrotic Lipo-
proteins for cholesternl uhich may have a bearing on the hyper~
cholestenolenia, the following studies on rates of exchange of choles~
Zerwod between plama Lipoproteins and the ned blood cells wene con~
ducted,
Methoda:

Semum Lipoproteins wene labeled with (1%-cholesterol eithen
din vitao on by in vivo synthesis from acetate-(1% on mevalonic
acid-("%, Labelling of ned blood cells by (T4-cholesterod was achi-
eved either in vivo aubseguent Zo injection of (T-acetate on
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(7% mevalonic acid, on in vitno by incubation in the cold with
dabeled serum.

Aliquots of semm on plasna were Zaken in amall erlen-
meyen {lasks 1o uhich a suspension of red blood cells in saline
was added, The mixtures were incubated at 3/° (, unden an atmos-
phere of 95% oxygen~5% carbon dioxide. The mixtures were con-
atantly but gently shaken and were thonroughly mixed before taking.
the sanples

The samples were transferred into chilled centrifuge
tubes and were immediately separated in a nefrigenated centrifuge.
The supernatants (plasma plus nommal saline in which red cells
were sudpended) were cwllected and the cells washed with 10-20
Zimes their volune of nommal saline and frogen.

The fractional rates of exchange wene determined from ithe
dpecific activities of unesterified cholesterod of cells and
plaana acconding 2o the method of Sodomon (295).
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Cxpeniment 17
Purpose:

To compare the nates of exchange of cholestenol between
nommal cells and nommal on nephroic plasma.
Pethod:

To nonmal hepaniniged rat blood, cholesterol-i-(1% suc-
pevsion in Tween 20 was added and left oveanight in the cold,
Next moaning the cells were sepanated and washed tuice with nor-
mal saline,

Cight ml of fresh unlabeled nommal and nephrotic sera
wene incubated in duplicate with 3 ml of labeled nommal cella
Aliquots of 2 ml were taken at 0, 1, 2, 3 and 4 hours and im-
mediately centrifuged 1o sepanate the sena and cells, One md
aliquots of the supernatants were Zaken %o determine the con-
centration and dpecific activity of unesterified cholesterod
The content and specific activity of cholesterod in washed ned
cells were determined.

Reatis

Reaults are given in Fig. 22, There was a progressive in-
creade in the amount of radioactivity in semm cholesterod with
time. The drop in gpecific activities of unesterified cholesterod
in 4 houns was 32 and 8% of thein value at '0' time for cells
incubated with nommal and nephrotic sena nespectively, indicating
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Figure 22

(hanges in the gpecific activities of unesteri-
Lied cholesterod .in labeled nommal cells and
unlabeled noamal and nephrotic sera when in-
cubated Logethes
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that the loas of radioactivity from cells incubated with neph~
rotic seum was 1.8 times greaten than from cells incubated with
normal semm,

The specific activity of unesterified cholesterod in nor-
mal seum was 5 times greater than nephrotic , indicating a
greater fractional rate of exchange of cholesterol from nommal
than {rom nephaoiic semm At the end of 4 hours the gpecific
activities of unesterified cholesteaold of cells and control semm
melmeMo{nqoﬁmﬂcawmmon@oné—M
of the gpecific activity of cell cholesterol. This suggested that
the Lime of equilibration of nephrotic semm cholesterol with that
of red cells was markedly increased, |

The actual rates of exchange of cholesterod between cells
and sena could not be detemnined becamise the data on hematocrits
wene needed to calcalate the amunts and the specific activity
at equilibrim of cholesterol in the fwo compartments (senss and
cells) of the systen. The aliquots fon henatocrits were not taken

Cxperiment I8

?m42:
Jn experiment 17, dabeled cells were incubated with
unlabeled sera. Luring incubation over periods of houns some
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henolyais of ned blood cells , however slight , does ocawn (ven
anall amounts of cell cholesterol would make a significant dif-
ference in the specific activity of cholesterold in the semm on
plasma, fowever if plasma is labeled and cells are unlabeled,

a very slight hawlysis will not mackedly alter the nate of change
of gpecific activity of cholesterol in plasma.

Thus plasnas wene labeled by incubating with cells pre-
pared as in Expeniment 20 and the nates of exchange of thein cho-
desterod with red blood cells were detennined,

Method:

Noamal ned blood cells were labeled with (T4cholesterol
sugpension in Tween 20 as in the last experiment and aliquots were
incubated with nommal on nephrotic plasana in wld overnight, The
plasmas were separated in the morning and used for the experiment,
Ten ml. of nommal and 5 ml. of nephaotic labeled plaama were in-
cubated in duplicate with 8 and 4 ml, aliquots of the sane sws-
pension of unlabeled nommal. cella Aliquots of the incubation
nlxctunes wene tohen at 0.5, 1, 1.5, 2, 3 and 4 howra
Specific activities of westerifiod cholesterol in sanples of
cells and plasma , henatocrits of the mixture , and foial choles
Zerwl concentration in the plammas (supernatanis on 4pinning doun
of cells) were deternined at different timea.
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Figure 23
(hanges in the specific activity of unesteri-
when incubated with nommal cells.



Reaults:

The himatocrits and total cholesterol in the plasmas are
given in Tables ¥ and .59, and indicate that theae was no change
in the sige of the two compantments (cells and plasma) due 2o
hewolyasis o any other cause. The awounts of radioactivity and
gpecitic activity of unesterified cholesterol in cells and plasma
calaulated per ml. of the mixture are given in Table 40. The

cuwes of apecific activities of unesterilied cholesterol of cells
and plasna samples are chanted in Fig. 25.

The first aliquot taken was at one hadf hour because the
tute value for the specific activities at '0' time could not be
determined, Jdeally the specific activity of the supemnatant
plasna of the mixture at '0' time should be taken after the plasma
and cell suspensions had been mixed but before any exchange of
cholesterod moleciles takes place. This was technically im-
poasible because of the time it ook to separate the cells and
plasua, The neason against wusing the gpecific activity of the
plaama before mixing with cells as the gpecilic activity of the
dupernatani at '0' time is that any hemwlysis in cells after ne-
wonastituting them in the sugpension and mixing them with plasma
may result in release of significant amounts of unesterified
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Table
Henatocrits of Plasma (ell Mixtures at Various Times aften the
Start of Incubation,

Time (houns)
0 05 10 145 2 3’ 4&
(ontwod 7| Fl| 8| 23| 26| B2 |M2| Hi
(ontrod: 2| 375|220 329 | 330| - (6| 27
Nephrotic 1| 359 | - 320 | M2| 327 (%3] M7
Nephrotic 2| 3.7 | - RE| B3| B6 (H4| K4
Table 59

Tozal (holesterod in JIdentical Aliguots of Supemnatant at
Various Times after the Start of Sncubation (ug).

Time (hourns)
0.5 1.0 .5 2 3 4
(ontmod 7 62| 20| 20| 192 186 790
(ontrod 2 22| 200| 12| 22| 10 173
Nephaotic 1 61| 85| 55| 50| 5% 5%
Nephrotic 2 620 | 5% | 575| 50| 512 5%
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cholesterod in the supemnatant , thus decreasing the 0" time
specilic activity of the plama. Such a possibility would have
significantly altered the results in this experiment , con~
sidering that the cells had 2 and 8 times the amount of cholesterol
present in nephroiic and nommal plasmas respectively,

fowever , calalating the gain of radioactivity by the
cells and loss of radicactivity by the plamas from the first to
the last detemnination , it became apparent that practically all
the nadioactivity was accounted for (lable 40). Thus the values
of the gpecific activity at '0" time cwuld be calculated from
the total radioactivity present in the systen and amwunt of choles
zenol in plasma. Similarly the gpecific actividy values ot cegii-
dLibaivm could also be calculated since at equilibrium both pools
should have the same specific activity , assming that all the
unestenified cholesterol in the fwo compariments is exchangeable.

The fractional nates of exchange between red cells and
plaama were calculated as per methods outlined earlier and wene
(% per. hour) :

Normal Nephaotic
From semum 2o cells 379 6.6
Faom cells 2o serum 57 %5

onclusions:

7Aemduw<mw fractional aate of irans
fer of cholesterol {rom plasma Lipoproteins of nephrotic animals



Table 40

Anounits of Unesterilied (folesterol and Radioactivity in (ells
and Supernatants (Plasma + Saline) in bhe ml, fach of the
Mixtunes Incubated,

Noanal. | Nephotic
Arount of cholesterod in cells (ug) 62,1 | 6.8
Anount of cholesterol in supeanatanit /ug)h 523 270.6
Radioactivity lost by plama Lwm 15t

2o last detenmination (cts/min) 7719 7623
Radivactivity gained by cells from 1ot

2o last determination (cta, /min) 1202 1392
Specific activity of cholesterol at

equilibrivm, Ant., of nadioactividty/

ant, of cholesterol. (cta. /minfug)

in both companiments of the systen 4.8 8.6
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is mankedly nediuced unden the conditions of the above experi-
mend,

Experiment 19

Puspose:

Jn the conditions of the last experiment the cholesterod
in nephrotic Lipoproteins had a {ractional rate of exchange with
that in ned blood cells less than half that obseaved with nommal
plasma, The {ractional rate of exchange of cells incubated with
nephrotic plasma was about 2,5 dimes that of cells inaibated with
noamal plaoma, Though the fractional ate of transfer from nephs
rotic Lipoproteins was decreased , the actual amount. of choles
Zerod tronsferned was greater than nommal. Jt is conceivable
that the rate of transfer from cells could not exceed that ob-
Zained in the last experisient theneby having a rate-limiting ef-
fect on the exchange from nephrotic Lipoproteins, JIn onden o
determine whether on not the decrease in fractional rate of irane-

fer from nephrotic Lipoproteins was due to rate-limiting effect
of cells the following experiment was done.

Method:

Two aliquots of 5 ml. each of nephrotic plamma labeled
with (14-cholesterol as in the last experiment, were incubated

with 4 ml and 1 ml. of unlabeled nommal cells, Aliquots of 71 ml
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Figune 24

(hange in specific activites of unesterified cholesterod in
nephwitic plasma and unlabeled noamal cells when incubated in dif-

ferent proportiona,
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wene taken at 0.5 2, 1.5 2 and 3 hours, and hematocriis,

anounts and radioactivity of the unesterified cholesterod of cells
and the plasmas at different times were determined,

Resulta:

The henatocrit values are given in Table 41, the amounts
and nadioactivity of unesterified cholesterod in Table 42, and
the gpecific activity are chanted in Fig. 24,

The rates of exchange were calculated as per cent per
hown, as outlined in the methods:

Plaama/(ells

s 5/
From cells o plasma 7.7 177
From plaama 2o cells 729 33

The nesults indicate cleardy that nommal red blood cells
are cgpable of about Bk greater fractional rate of exchange than
that obtained in the last experiment, Thus in &periment 18 the
nate-dimiting factor for a decreased ransfer Zo ned blood cells
fore probable that the decreased nate of exchange from nephrotic

plasma probably represents a qualitative nather than a quantita-
Zive altenation in semm Lipoproteina



Table 41

Hematocnits of Plamma (ell Mixtures at Various Times after the

Stant of Incubation.
Plasma/(ells Time (Founs]
0.5 7 .5 2 3
5/k 33 | Bo | Fh | 339 H7
5/1 26 | 16 | 1271 | 128 12.6

Table 42

Amounts and Specific Activity of Unesterified (holesterod in
(ells and Supernatant in Che ml each of the Mixtures Jncubated

Plamma |/ (ells
54 51
Anount of cholesterol in cells fug) | 48 761
fmount of cholesterod in supernatant
(ug) 27 591
Specitic activity of cholesterod in
cell/aupernatant ot equilibrium
(eta/minfig) 739 21.6




Experiment 20
Purpose:

Studies with in vitro labeled plama indicated that neph -
rotic Lipoproteins have decreased fractional nate of exchange when
incubated with nommal red blood cells, JIn onder #o corobonate
his finding unden mone physiological systans, nommal and rephrotic
plaamas were labeled in vivo and they wene incubated with nomnal and
nephrotic cells respectively in more on less physiological propor-
Zions 2o determine thein fractional nates of exchange of unesteni-
fied chodeaterod,

Pethod:

Blood was collected from normal and nephrotic rats 2 houns
aften injection of labeled mevalonic acid, plasnas were sepana~
ted and aliguots incubated with sugpensions of unlabeled red blood
eells obtained from other animals which had not been given labeled
mevalonic acid, The inaibation vessels cntained the following:

(Nommal) 4 ml, of rommal cell suspersion + 4 ml of labeled
rommal plasma, (Nephrotic) 2 ml of nephrotic cell suspension + 2 ml
of labeled nephmotic plama. Aliguots were taken from the mix-
tures at 0.5 1, 1.5 and 2 hourns after the start of incubation fon
determination of hematocrits and of cholesterol concentration and
dpecific activity in plasma and cells.
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Realt:
The henatocrits are given in Table 43, the amunits and
radioactivity of unesterified cholesterod in Table 4, and the
gpecific activities in Fig. 25
The nates of exchange in per cent per hour of unesteri-

lied cholesterod and plasmas were:
Noamal — Nephroitic
From plamma 2o cells W6 25
From cells 2o plasma 59 55
Discussion and (onclusions:

These results confinm the impressions gained from ex-
periments using in vidro labeled plama that the fractional nate
of exchange of cholestenol between plasna and ned blood cells is
marRedly neduced in nephrosis. Since plasma and cells were inp
cubated in oncentrations and conditions more on less physio-
dogical in this experiment, the companison of the nates between
plaana and cells probably reflects the situation obtained in vivo.
The decreased ransfer of cholesterod from Lipoproteins to cells
in nephmosis is probably due %o changes in the Lipoproteins and
not the cells, as was suggested by the neadts of Experiment 19.




Table 43

Hematocaits of Plasma (ell Mixtures ot Various Times aféer the
atant of Incubation,

Time (hours)
7 7.5 2
Nonmal 259 25 4 2.0
Nephrotic 3.9 336 H#5
Table 44

Amounts and Specilic Activities of Unesterified (folesterol
in (ells and Supenatant in Che ml each of the Mixtures Jncubated .

Nommal | Nephrotic

Amount of cholesterol in cells (ug) %5 359
Amount of cholesterol in supeanatant

(ug) 57.1 751.2
Specific activity of cholestewol in

(cta/min, fug) 7.07 448
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Cxperiment 24

Puspose:

The alteaations(s) , quantitative ox qzn&iatbfe;, nes-
ponaible for the decrease in the rate of ixanafer of cholesterol
#mnﬁm&p&aamayocm&aﬂuoaboﬂxo{thezﬁw
classes (high and low density) of Lipoproteins. JIn onder 2o com-
pare the purified Lipopaoteins of normal and nephrotic animals ,
the following experiment was dore.

Methods:

Blood was cwollected from nommal and nephrotic rats 4 hours
alten injection of mevalonic acid-("% and the plama was separated
alter centrifuging in the wld, (hylomicwns were removed from
the plasma and then high and low density Lipoproteins were iso-
dated from the plama in a preparative ultracentrifuge. The Lipo-
protein solutions were dialyged against nommal saline o rid then
of excess salt and make then isotinic 2o ned cells , and then
were incubated with a awspension of nomnal cells at 37 (,, accwor-
ding to the methods outlined earlier.

Aliguots were taken at 0.5, 1, 1.5 and 2 hours aften the
atart of incubation for determinations of hematocnits , amounis
and gpecific activities of unesterified cholesterol in cells and
Lipopnotein sodutiona,
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nephaotic rats when incubated with unlabeled nonal



204
Results and Discussion:

The hematocrits ane given in Table 45 and indicate no pro-
gressive hemodysis of the ned blood cells, 40 that the concen-
Zantion of cholesterol in the tww compantments (cells and Lipopno-
tein solution) can be assuned to remain constant, The amounts of
cholestenol present in the cells and Lipoprotein solutions pen ml
of the mixtune are given in Table 4 and the change in the values
of thein gpecific activity ane plotted in Fig. 2. The fractional
rates of exchange between Lipoproteins and the cells were calculated
ad in the previous studies and are given in Table 47.

Thenomallﬂpc/zoleatwl/mlahigﬁaaateo{nge
mdﬁceu.at/zmi/zemamal)‘lﬂp. There was a similarity in the
fractional nates of transfer from nommal and nephmoiic Hily, where-
as the fractional rate of transfen from LI, was mankedly lover Zhan
iﬁat{homnomull[lp. The fractional rate of transfer from cells
incubated with nephrotic LIL, was 0/houn as against 5%/houn from
cells incubated with nommal LU, This probably was due #o the fact
#hat concentration of cholesterol in nephroiic LI, cholesterod was
much higher and the actual nrate of exchange greater than with the
nonmal LU,

Jince the red cells were capable of greater nates of ex~
change than those obiained on incubation with nommal Lipoproteins
and with nephnotic Hl, it is augpested that the nate Liniting facton
in these incubations resided in the Lipoproteina




Table 445

Hanatocaite of Mixtunes of (ells and Lipopaoteins at Various
Times (in houns) after the Stant of Jncubation

Mixture of
cells and o5 |10 | .5 |20
Nomnal LOL, .5 | 196 | 20.2 | 19.7
Nomnal HlLy 98 | 9.5 | 2 20
| Nephaotic LA, 202 | 2.3 | 198 | 20.9
Nephaotic AL, 2.1 | 200 | 196 | 2.2
Table 4
Arounts of Unesterified (holesterol(per ml. of Mixture) of (ells
and Lipopaotein Solutions (ug)
Roamal NephroZic

y

.cpopmtw&;l. (Cells

Lipopaoitein Sol. (ells

Lo Dty
High Denaity

658

%.5

29,0

350.0

3742

29,0

X7.0
297.0




Table 4y
Fractional Rates of Exchange between Noamal Red Blood (ells and

Nommal on Nephrotic Lipoproteina,
| (%/hous)
Normal Nephaotic
From LLlP i cells .2 79.8
From cells iR [ﬂp 53 2.2
From //[lp 2o cells 7.2 758
From cells in t‘/llp 6.8 6. 4
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Previous experiments indicated that the decreased rate of
exchange of cholesterol between red cells and nephrotic whole plasna
was due 2o a qualitative abnommality in the plama: the present
nesult showing a decreased rate of exchange betwean cells and neph~-
mmapmwwaemmuymmwzemmy be

due %o tke[ﬂp.

(onclusions:

7. Unden physiological conditions the fractional rate
of exchange of cholestenl between cells and plasma was decreased
in nephrotic animals indicating a qualitative on quantitative
change in nephrotic plasma Lipoproteina,

2. Unden identical conditions, noamal Ulp differs from
roamal //[lp in being able #o nelease its unesterified cholesterol
mone neadily than //LZ.P.

3 Nephrotic LIL, probably differs from nommal Ulp
in having greater avidity for cholesterod, provided that the amallen
{ractional rate of exchange of cholesterol was not due o the nate-
dimiting effect of red blood cells with which the Lipoprotein was
incubated,




Expeniment 22
Purpoae

The increase in plasma cholesterol concentration in neph~
rotic rats mone than 2 weeks afiter the injection of AKS could no
be ascribed either 4o "trapping” of the Lipid within the vascular
compardment on 2o an increade in synthesis of cholestenod by the
dLiver, Protein moities of Lipoproteins have an avidity for Lipide
(276) and evidence suggesting #hat nephrotic Lipoproteins may have
a greaten avidity for cholesterol than nomnal was obained (. experi~
ment 19). Fh increase in the concentration of protein moities of
plaana Lipoproteins may increase the cqoaciiéo{ne,o/zmtécplmz‘o
trangponit mone Lipids by providing greaten rumber of binding sites.
The following study was therefore undertaken 2o determine if there
was an increade in the cncentration of protein moieties of plasma
dipoproteins in experimental nephmosis at a time when cholestenod
synthesis is not increased.
Methoda:

Normal /}%l)mdnqo/uwuc (8 weeks atten injection of
AKS) (27ml) sera were collected from naty in the monning without
fasting on any other preparation of donor rats Low density Lipo-
proteins wene sepanated at densities 1,006 and 1,003 and HiL, were
isolated at density 1.21, in a preparative ultrafuge. The two
classes of LI, were washed once and HlL, were washed tuice by ne-
peated floatation in the preparative ultracentrifuge.

The Lipids from the Lipoproteins were extracted with alcohod:
acelone; the proiein precipitates were washed Hfwice with alwhol:




‘ Table 48
Amwounits of (holesterod and Protein Moities of Lipoproeins in
Normal and Nephrotic Sera

(ug/nl)
| Lipopnozein | (holesterol /ugl Protein (U9,) Ratio: Normal wv
Nephrotic
Mo N ic | Noamal| W [ . Pro-
'm&' sphrodlc | fephaoia g':ﬁf— Zein

L, Der.008 ) 52.1 | 1750.0 ».7| 29.0 |.220 | 6.8

ZH.P D>1.006 |
£1.063 1712.0 | 7390.0 20| 2160 | 124 | 9.0 |
Hp p>1.063| |

&71.217 | 325 | 6550 | 14§ 298.0 27 217

Total 4%.6 | 3195.0 2054 30| 67| 37
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acetone and the washings were added to the oniginal extracts, The
Lipid extracts were evaporated to dnpess and redissolved in pet-
noleun ether, (holesterod was determined in aliquots of Lipid ex-

The proteins precipitated were dissodved in 2 ml of 1.0H
NeDH and duplicate aliquots of the swlution were taken out for the
detemination of awunts of proteins (296).

Reaults:

The concentrations of cholesterol and proteins of various
Lipopasgeins are given in Table 8.

Disarssion:

The ooncentrations of varnious Lipoproteins in the present
study nepresent the distribution in the phase of alimentany Lipenia.
ﬂnmmlmlﬁpoﬁdmdiyéhﬁﬁadodg 17% of the fozal
of the foal plasma cholesterod. Jn nephrosis, ithe increase in the
dipid of lowest density Lipoprotein was 22 times companed 2o 6.7
Zimes for total plasma cholesterol.

The increase in cholesterol concentration was Least manked
mﬁlpuﬁécﬁinmmlmwymudxoiutwiiﬁmﬁelﬂp
However, the increase in the cholesterol concentration of HIL, was
of the sane degree as in the protein moiety of Hll, The incrense
in the concentrations of protein moities of both classes o,{l[l/,
was rot as much as the increase in thein cholesterod cncentration,
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The concentration of protein moities of plasma Lipopno-
Zeins was greater in nephrotic rats than nommel. This was par-
ﬁadanlynuﬁ/zed{bntﬁepmtem.ao,{&ﬁ The presence of large
anounits of Lipids and proteins of lowest density Lipoproteins was
undoubiedly related 2o the presence of alimentary lipania.

onclusion:

The nephaotic plasma has an increased capacily Zo Zrans-
pont Lipids due o an increase in concentration of proteins of
Lipoproteins and 2o an increased Lipid binding gax unit weight
of proteina.
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(fect of Proteins of Senun Lipoproteins on the Synthesis of (foles-
Zenod by Rat Liver Homogenates.

Jntroduction and Purpose:

J¢ was hypothesized (102) that there is an increase in the
synithesio of all plasma proteins, including lipoproteins, by the
Liver in experimental nephrosis. The possibility ecisted that pro-
Zein moieties of Lipoproteins stimulate the Liver do synthesige
Lipids which nommally are associated with then. To test this hypo-
thesis effects of proteins isolated from semm Lipoproteins of human
and rat blood on the anthesis of cholesterol by rat Liver homo-
genates were studied, FProteins from the sera were prepared acconding
Z0 the method of Scanu et al (276) who had demonstrated that the pro-
Zeins of Hll, were cmpletely delipidiged by this method without
being denatuned, They observed that LU, could rot be freed of all
dipids; since for our wonk it was not essential that the proteins
should be completely delipidized, LI, protein was also prepaned by
Zhe same method, The proteins wene disswlved in phosphate buffer
used in preparation of homogenates
Methods:

Livern homogenates were prepaned from fanale nats accoading
o the method of Bucher and McSanrahan (181) and aliquots of the homo-
genate were incubated acconding o Migicov.aky (182), The prodeinas,
when requined, were dissodved in the solution ontaining ATP and
0PN, Mevalonic dactone-2-("* in awunts of 0.5 mg., containing 1-2
e of radicactivity, was used as substrate. Incubation was
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camried out at 3P (, under an atmogphere of 5% (0> in oxygen.

To isolate cholestensl , the comtents of the incibation vessels were
quantitatively etracted in chlofornmethannl , 2:1; the extracts
were evaponated £ duyness and the residues redissolved in aloohol:
acetone, Jn onden to obtain complete precipitation of cholesterol in
the Lipid eduact , 1 mg. of cholestersl was added as carrier be-
fore precipitating it with digitorin. Total nadioactivity in the
cholester] was detemnined after plating the cholesterol digitonide
solution in pyridine.

Since howogenate prepared from Livers of different animals differ
in thein aates of inconponation of mevalonic acid into cholestersl
(181) , all sbudies 2o detennine the effects of various proteins
were done on identical aliquoits of the same homogenate preparation,

Cxperiments and Results:

A Jn preliminary stulies , o establiosh the nate of incor-
posation of mevalonic-2-14 lactone into cholesterol by rat Liver
homogenates , aliguots of homogenates were incubated for periods
ol 0. 52 hours and radicactivity in the cholesterol deteamined,

The incoaporation of radicactive mevalonic acid into cholesterold
inowuedw&kﬁmeudavwa&ddbyﬂnmd&ffiy.}ﬂo{me
typical experiment, Thus in subsequent studies , 1o detemnine the
effect of proteins on the incwnporation of mevalonic acid into choles~
terol , the homogenates wene incubated for a peniod of 2 houna,
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Figure 27
Time counse of mevalonic-2 4 lactone Ma,wawti.m into choles~
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B Four different homogenates of female rat livers were
udtndzdyﬂwc{{edao{midnwidiuo{ﬂ,wpmtmo{
luman. sera and three different preparations were tested for the ef-
,{edoo,{mtmﬁ,wpmtahpmtmonwmtuo{ww
of dwlestewl JIncluded in the studies on the latten thaee homo-
geates was the effect of bovine albumin to seave as a control for
non~gpecific effects of Lipoproiein proteina,

(1) Studies with Heuman Semm Lipoprotein Proteinas

Six aliguots from each of the four homogenates were taken in
4ix vessels and incubated as follows:

#1, 2 - (ontrol

#3, 4 - (ontaol + 0.5 mg. proteins of HIL,

#5, 6 = (ontrod + 0, 3 mg. pmtein,ao{l.ﬁp

The vessels were incubated for 2 hours and the nadioactivity
inovapoaated in chodesterol was detenmined,
(2) Studies with Rt Semm Lipoprotein Proteins:

Hdentical aliquots from each of thaee homogenate preparc-
Lions were incubated for 2 hourns in eight veasels as indicated below:

#1, 2 - (ontrol

#3, 4 - (ontwd + 1.3 mg //[lppaoiein

#5, 6 - (ontrol + 0.7 mg LU, prozein

#7, 8 - (ontaod + 1.0 mg. bovine albumin
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- Figure 28
Efect of proiein mities of plasma Lipopeoteins (humm and
nat) on the incorporation of mevalonic-2["* lactone into
cholesterol by aat Liver homogenates.



The nadioactivity incoaponated in the cholesterol was de-
Results:

The results of similan experiments were pooled and are given
in Fig. 2 The mean of the radivactivity incosporated into choles-
tenod of control vessels was taken as 100 and the effect of Lipo-
prodein is expressed as percenitage of the conitrol value.

High density Lipopaotein proteins whether from human semum
on from nat semum depressed the incorporation of mevalonic acid into
cwlestewld by aat Liver homogenates to about 68% of the controld
values Low denaity Lipopaoteins from human senum depressed the in~
oonporation o 80% and Hhose for rat semm o 72% of ithe control
values.

Bovine albumin , when added to the homogenates , alsw de-
pressed the synthesis of cholesterol o about 72% of the contawol
value,

Discussion:

it is clean from the resulis of these studies that presence
of Lipoprotein paoteins did not stimulate the synthesis of choles-
tewd from mevalonic acid by nat liver homogenates. The proteins
added to the homogenates were assumed not to have been denatuned
during the process of delipidigation as was shoun by Scanu et al.
(276). The fact that the Lipoprotein paoteins went into doliction
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readily corroborates this assumption,

High denaity Lipoprotein protein cansed a somavhat greater
dqpaudonoﬂdyzﬂaaui}zmlﬂ?pmteiu, however. , the anounts
a{ﬂdpwwnudmmwaﬂm%uo{ﬂpmtm
Jh onder 1o test whether this depression of spmithesis was non~gpecific
action of any protein effect of bovine albumin in comparable con~
centrations was also sutdied, Like other fwo proteins,albumin also
caused suppresion of synthesis by homogenates, however, the depaes~
4ion wdbymtamoﬁﬂﬂpwgamtuiﬁmt&at caused by al-
bumin,

(onclusions:

Seum Lipoprotein proteins when added #o aat Liver homo-
genates caused depression of cholesterod spnthesis by the homo-
genated,



Discussion



(folestewl Detemination,

Schonheimer and Speray's method , as modified by Sperny and
Webb (279) , has been used as a standard method for the detea~
mination of cholesterod though it has been found to give values some-
what lower than other methods (278 ). When the concentration of
cholesterol in the mixture containing chodesterod and digitonin was
less tha 50 ug. /ml. , the precipitation of cholesterol by digitonin
was not complete . Femric chloride neagent (778 ) used 1o develop
wloun with cholestersl , also gave colowr with digitonin, Digir
Zonin is not soluble in acetone oa ether , thus any co-precipitation
of digitonin with the precipitates of cholesterod digitoride would
interfere with the determinations of cholesterod by Ferric chloride
reagent, lince digitonin is soluble in watea and cholesterol digi-
tonide is not , washing the cholesterod digitonide with distilled
water was found to get aid of excess digitonin (Speriment p. 74
Labeling of Plasna Lipoproteins with (14-(holesterold.

From (14~(holesterol Adsorbed on (elite Powder (B4):
It was claimed that (14-cholestewl solubilized in the semm

by this method , is astociated with plasma Lipoproteins in the phy-

siodogical condition (B4), Fate of labeled cholestenol in isolated
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was , hovever, diffenent from the cholesterod inconponated into
plasna Lipoproteins in vivo (Gxperiment 12).

Jn vitwo atudies on exchange of cholesterol between Lipo-
proteing isolated Loom sera labeled by #his method, also sugpested
that all the nadivactive cheleiterod was probably not present in the
same state as native cholesterol ((xpeniment 148, Though the pus-
deas of isolation appeans #o alter the nates of exchange of choles
zenol in plaama Lipoproteins (Experiment 7_4};, the nesults of in vitro
atudies on the Lipoproteins suggest that at least part of the aadio-
active cholesterol dissciated from Lipoproteins mone neadily than
the non-radioactive physiological cholesterod.

flowever , the nadicactive cholesterol remaining in associ
peared 2o be in the plysiological state as judped from its fusnover
| time and its esterifiontion (Eperiment 12,

(T4 (holesterol Suspended in Tween 20 (255):

Jt was asoumed that the labeled cholesterd in sudpension
exchanges with that in the molecules of Lipoproteinas , and it was
also thought that a anall amount of Tween present in the semm does
not influence the fate of cholesterol (B5). However , in studies
on the exchange of cholesterod between plasma Lipoproteins and sed
blood cells , the fractional nate of exchange of in vivo labeled
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plasma Lipopaoteins was diffenent from that of the plasma labeled
in vitno by this method. Frother neport (23 ) demonatrated clearly
that the presence of Twee markedly altered the uptake of (T4
cholesterol by the isolated perfused Liver
Labeling of Plasma Lipopnoteins by a Process of Taansfer fnom (ells:

Since presence of Tween in the labeled plasmas was noted
4o caude a change in the aate of transfer of cholesterod between
plasma Lipopaoteins and red blood cells , and incubating labeled
colesterod with the semm at 3P (, failed fo transfer all the label
bAmL@mtmmﬁeMbﬂmlm; a method was de-
vided which circumwented the necessity of having Tween 20 in the
deum , and added the label(cholesterol)to Lipopnoteins in the phy-
siological state.
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(fodesterol Metabolism in Noamal Rats

an‘ﬁeplama{mmdm l/[lf,mdmudwlutwl
z‘/zmlﬂ fé;omauf&/ TAuumawndmiﬁ.thedatamz‘/u
L«.tm/zﬂ/ Tﬁeapro{mutuLﬂd 1o fotal , cholestemwl
in the tw lipopeoteins diffenr. D{U.'l cholestenol , about 40%
was found %o be unesterified m’tmmi/tzla.&amdzqoomlga&od
10% of the total cholesterol present in L,

The esterilication of nealy synthesized plaama cholesterod
is a relatively slow process compared to the rate of wpthesis of
unesterified cholesterod. After the injection of a labeled pre-
cundon. , it ook only 2 hours for unesterified cholesterod #o neach
its peak of specific activity , whereas the esterified cholesterod
Zook about 8 hours o nreach its gpecific activity peck

h nomal aats , the unesterifiod cholesterol in the plaama
#lpﬁadadyuiﬁmﬂymﬁac&omlmvmmﬁmiﬁd
.::nLﬂ.P. This suggests that the two Lipoproteins cannoi be ae-
ganded as one pool,

Unesterified cholesterod of the plasma freely mixes with that
in the Liven (177). Jn dogs half-time of equilibration between plasma
and Liver unestenitiod cholesterol is 20 minutes (17]) , whereas
halgnlife of plasma cholesterol is 8-10 days (177). Thus it was sug-
gested that for pusposes of tuwover the unesterified cholesterol in
the plaama and Liver con be considered as one pool (177). Jn nats,



about 40% of the radivactive cholesterol in the labeled semm was
found in the Liver 15 minutes after its injection (Geperiment 15).
(prsidening that about half of the aadivactivity in the injected
cholesterol was in the esterified fraction which has a much lower
nate of equilibiation with the Liver than unesterified cholesterod
(18), #he actual uptake of wnesterified cholesterod by the Liver
in that time would be much higher. The fractional tumnover rate of
plama unesternified cholesterol , on the other hand , was only 1.2
pex hour (Expeniment 12) , thus coarobonnting the evidence gained in
dogs (lﬂ),ﬂdﬁewamdﬁeplmmwwwbemm
sidened as one pool , fon purposes of turnover of unesterilied choles
Zerod,

Jt is the cholesterol in the microdomes of the Liver cells
that exchanges with that in the plasma (133), and such a apid ex-
change probably does nit involve intact Lipoprotein moleculed,

Jt has been assumed that all the liver unesterified choles~
terod is part of the pool with which plasma is in napid equilibriim
(154 ). This was based upon the fact that aften injection of labeled
acetate into a dog , the gpecific activity of plama cholesterol was
found 2o be the same as that of the Liver unesterilied cholesterld ,
about 2 houns after injection, flowever , the cholesterol was noi
purified {ree of high apecific activity contaminanis in these stiidies
and it has been shoun that soon after the injection of acetate ,
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precipitation of cholesterol with digitonin is not adequate, for
its isolation in pure ,{bnmfa%/.

Jn one experiment, isodated Liver was perfused with blood
containing (1%-cholestenol in Tween 20 suspension (293), and the
gpecific activities of cholesterod in Liver and blood were measured
after various periods of eguilibration. Jit was observed that within
23 hours the specific activity of Liven cholesterl became 2-3
Zimes greaten than that of blood, However, if blood used for per-
fusing the liver was obtained; from an animal 2% houns aften the in~
jection of (14-cholestenol sugpension in Tween 20, the Liver and blood
cholesterol unesterified cholesterod had similar specific activities
aften 2 5 houns, then the gpecific activity of Liver cholesterod
becane much lowen than that of the blood if perfusion was continued
dongen. The posaibility of Tween influencing the Liver uptake could
not be nuled out,

The nesults of ourn atudies on specific activities of Liver
and plaana Lipoprozein chodesterod, punified by dibromination, clearly
indicate that the Liver has at least fwo pools, orly one on both of
of plama cholesterwd

Jh nonmal nats, approximately 0% of the fotal cholesterod
in the liven was unesterified (Table 23). The content of unesteni~
fied cholesterol varied from animal to animal. Jn thnee different
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studies , the values obiained were 5 3, 6,8 and 9.1 mg/100 g. body
weight, The total plasma unesterified cholesterol , on the other
hand , is less 2han 0.5 mg. /100 g. body weight.

For the same amounit of protein,the LA ,mm.ély carny more
Lipids than HAL mdt/uln.uwemﬂaataﬂnnmtuo{[ﬂ. is,
in fact , duﬁmpmmwgna{hpldaﬁauelf@) (odes
Zerol , mmawbwnudltmmlplamlﬂ. had a greater rate
of transfer o ned blood cells than that of nommal HlLpy in vite
(Eperiment 2Y , suggesting that the association between the choles
terold and ithe aest of the molecule may be weaker in LU, than in
//[Z,Pmlecwlu.

Proteins of the plasma Lipoproteins have a great "avidity”
for the Lipids (276 ). When delipidiged , HLy, was alloved 2o equili-
brate with plasma , the protein picked up Lipids agpidly by a pro-
cess which appeaned non~engmatic (76 ) I is oconceivable that
higher rates of transfer of cholesterol fuom LI, , than from AL, ,
2o ned blood cells , may be due to proportionally greater amounits
of Lipids associated with paotein , thereby causing a relative de-
creade in the avidity of protein.
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Hyperlipenia in Nephrosis

Since moat of the experiments wene nelated o the study of
alterations in cholesterol metaboliam in experimental nephrosise, the
selection of nephrotic nats was based upon the degree of hypercholes-
tewlenia, At the time of experiments, all the nephrotic nats had
relatively severe nephnosis of dunation of two weeks on longen,

The concentaation of cinailating Lipids appears 1o be de-
perdent upon nee principal {actons:

1. (hanges in the degree of hydnation of the plasma.

2. (hanges in the nates of entny and exit of lLipids into
and {rom the vasculan compartment,

2 The distribution of Lipids between the vascular and exitra-
vasculan compartment. |

In 0 far as hypercholesterolania of experimental nephrosis
i0 cncerned, in chwnic stages, i.e., 2 weeks on mone afiter the
'in,iectiano,fﬂﬂ; the plasma and blood volunes were found o be
nomnal. Thus, changes in the hydration of the vascular compart-
ment do not account for any increase in the plama concentrations of

(hanges in the nates of entry and exit into and from the
vasculan compantment can increade the plamma concentrations of Lipids
ondy duning the "unsteady states” of the disease. Chce the ateady
atate is esteblished at any level of Lipania, any difference from
nommal in the rate of entry (and exit) will not explain the existing
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owncentrations

The fractional nate of exchange of cholesterol between the
vascularn compariment and the Liver in nephrotic animals, is at
Least equal to that obsewed in nommal nats (Expeniment 16).

Since the actual amunts of dwlestewd in plasma are mankedly in~
creased in nephrosis, the rate of entry and exit of cholesterod in
mg. per hour is much greater than nommal, Thus the hypothesis (262)
of "trapping” of Lipids in plasma (362) %0 explain hyperlipania of
nephrosis (if, by"trapping” is meant inability of Lipid #o leave the
plamma) is not applicable #o cholesterol. This also indicates that
endothelivm of hepatic vasculature offers no barrien in nephrosis, and
that the Liver and the plasma cholesterol mix as freely as in nommal
ratd,

The exact sized of the pools could not be determined from the
data available from the present studies. The comparative estimates
of the total pool in nommal and nephrotic aminals were, howeven,
made and the nesults indicated, that in nephrotic rats 3 weeks aften
the injection of A, the pool was about 1.5 Zimes largen than in
oontrod animals

Tt has been shoun that soon after injection of AS the he-
patic content of cholesterod starts Zo rise and progressively in-
creases By % houns, the nephrotic liven had about 50% more choles~
el than rommal (229). Nephrotic nats, 2 weehs after the injec-
zion of A, alsw had tumice the nommal amount of cholestenol
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(Geperiment 7) and by 3 weeks zhe nepntotic nats had about 30%

mone cholesterol than rommal rats (Expeniment 16). By six weeks
after the injection of AS, the difference in the hepatic oon~

Zent of cholesterol between nosmal and nephrotic aats had completely
disappeaned. The cwontrovensy in the literature (226-238) on the
anounts of Lipids in the Livers of nephrotic nats is probably due o
the difference in intervals of time after the injection of AKS.

The plamma concentration of cholesterod nises rapidly after
he injection of AKS (246) and remaine! elevated even after the amount
of Liver cholesterod has neturned 2o nommal. The percent increase
in plama cholesterol is much greaten than that in Liver chodesterod
at all times after the induction of nephrosis.

The increase in hepatic andplasma cholestenol duning induc-
Zion stages of the AS disease may be due either 2o an increase in the
rate of synthesis or o a decrease in the nate of degradation. Siu-
dies with labeled acetate (229, 246) clearly implicated the former
mechaniom.

The increase in synithesis pensists until about 2 weeks aften
the induction of nephrosis (Experiment 7). By three weehs the rate
of synthesis of cholestenod in nephrotic animals neturns 2o nommal
(Eperiment 72) and then becomes even Less than nomnal (Eperinent
8).

Oh the other hand, the plaana cholesterol concentaations
as well as incnponation of recently synthesiged cholesterol into
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plasma Lipoproteins remain elevated in nephrotic nats even uhen thene
is a veny manked decrease in the rate of hepatic aynthesis of choles-
tewl. |

Thenefone it may be concluded that hypencholesterodania in
the later stages of experimental nephrosis io not cawsed by an in-
crease in the nate of hepatic aynthesis of cholesterol.

The dispropostionate increase in the liver and plama choles~
Zerod can occurn ondy if, in addition %o increased synthesis, some
other factons influence the distribution of cholesterd. J{ there werne
no digproportion, the increase in plasma concentration (and the amounts
in Liver) would only be 1,5-2 times nommal, That it is this nedis-
tnibution of the pool which is predominantly nesponsible for the chara-
cteristic manked hypercholesterolenia in nephrosis, is shoun oconclu-
sively (Experiment 10, 17, 12) by the fact that even though the choles-
terod pool was only slightly increased,the intravasculan fraction of
he pool was much greater in nephrotic than in nommal nats (Experiments
70, 11, 12).

JIn onden #o determine the possible ,&zoﬁm/ o) neqponsible fon
this nedistribution, a comparison of nephrotic hyperlipenia with hyper~
Lipenia due o other causes may help. Hyperlipenia in rats induced
by feeding cholesterol, or by adninistering Taiton WR-1339, has been
exctevsively studied and will be companed with nephrotic hyperlipenia.

In nats fed a high cholesterod diet, the increase in con-
centration of cholesterod occuns matly in lﬂ.p (297), n the
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Lipopaoteins synthesized by the isolated Liver from such animals ,
there 14 3 imes more cholesterod present with the same amount of pro-
tein as the nommal (297), The increase in Liver cwlesterod in such
 nats is also about 3 times the nonal (297) indicating that pan-
Zitioning of the pool between the plasma and the liver is unlike that
in nephwais , and is mone proportionate. Jn 4pite of manked increase
in plamma cholesterod conceniration in rats fed high cholesterol , there
is no increase in the protein moiety of plasma Lipoproteins (297).
Rates of incosporation of amino acids into lipoproteins by perfised
nat Liver (298] , on by nat liver slices (191) were nommal.

Tt Lo knoun, that Taiton WR-135) , when adninistrated %o
dogs , combines with Lipids and weakens the association of Lipids and
proteins (294), Lipid and potein moieties of nommal dog Lipopno-
Zeins move ogether on electrophoresis , but the Lipids and proteins
of dog plasma after the dog has been ireated with Triton move in op-
posite directions (299). The increase in plama Lipids in animals
treated wisth Tniton ia only in the L, (299) as in aats fed high
cholesterod diet , and it is not associated with ay increase in the
protein mieties of Lipopmoteina Livers from nats which had been
adninistered Tniton damwnstrated a manked increase in the synthesis
of chodesterol (300) , but showed no increase in the rate of ap-
thesis of proteins of plasa Lipoproteins (197),

Hepatic Lymph is a product of diffusion of plasma (7).
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Jn noamal rats , the concentration of cholesterwd in hepatic Lymph
Ls alightly lover than in plama (27) , indicating that the Lipid
diffuses out of the vasculor compartment easily. When hyperlipenia
is induced in a nomnal aat , either by injection of hyperlipanic
seum from a cholesterol-fed donon rat on by the adninistration of
Tniton WR-1339 , the cholesterol concentration in the hepatic Lymph
immediately goes up (247). JIn nephrotic nats , on the other hand
the concentration of cholesterod in hepatic Lymph does not increase
above nomnal , despite marked hyperlipenia (7). This suggestes that
plaama Lipids of nephrotic rats differ from those in other hyper~
Lipenias in thein ability to diffuse out of the vasculan systen,
(apillarny endothelium in the Liver has been shoun o offer
no barrier o the egress of cholestenod in nephrotic rats (Experi-
ment ). Thus, the Lipids ane probably held by the Lipopnotein
molecules mne Lirmly in nephrosis than in Taiton , on cholesterol-
fed hyperlipenias. This difference in nephrotic Lipopaoteins ,
from those in othen conditions , may be nelated 2o the nature of cin-
adating Lipoproteina Jn contrast to other conditions,in nephrosis,
there is increase in the rate of sypnthesis of protein moieties of all
Lipoproteins (102 , 191) and in the concentration of protein (along
with Lipid) moieties of plama Lipoprotein (274) (Experiment 23).
When nommal Lipoproteins wene added to the medium in which
diver slices wene incubated , a shift of Lipids from tissue 2o medium
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was noticed (V1) That nephrotic plama has a cgpacity to hold more
Lipids and cause this shift in the distribution of cholesterol in the
Liver~plaama pool , is also demwnstrated by the obsevation that the
mmemiﬁemwdo{wudnudwlmnwwm,{d

a high cholesterol diet , is only one-fifth of the increase in plasma ,
uhenenas in nomnal rats on the same diet the relative increase in liver
and plaan was similar, and the absolite increase of cholesterl in
plasma was only one-tenth of that prodiced in nephrotic plasma (237).
When AKS is injected into hyperthyroid rats (which have decreased
plaama cholesterol wncentration and an increased hepatic aate of
cholesterol apthesis), the concentaation of plasma cholesterol was
observed to be even higher than in noanal ats made nephrotic (260).
Jn vitro astudies on exchange of cholesterod between plasma Lipo-
proteins and ned blood cells , showed a manked decrease in the frac-
Zional rate of exchange from nephmotic plaama (Gperiment 26), This
was probably due #o the decrease in the fractional rate of exchange
from LU, of nephrotic animals (Eperiment L),

Thus , it is suggested , hatt nephroiic plaana offers noi
only mone acceptor sites for Lipids , but aleo a stronger bond be-
tween. the protein and Lipid moieties of Lipoproteins , which realis
in the redistribution of liver-plasma pool of cholesterol,

The increase in the oncentration of cholesterol within the
vascular compartment is aleo not uniformly distributed between high
and low density Lipoproteins in nephrwosis, Jn man the increase is
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noted only in L, (235). T aats , the increase ia observed in
all classes of Lipoproteins , though the increase in LU, is more mar-
hed than that in HlL, cholestensl (Experiment 7)

A delay in the clearance of radicactivity subsequent o in-
#ravenous injection of chylomicrons labeled with (T4-tripalmitate was
obsered in nephrotic aats (229), ard ale in avinals tneated with
Taiton (299). Rats fed high cholesterol and high fat diet had nommal
nate of cleanmce (Eperinent 5) , thus muling out ithe hypothesis of
isotope dilution as an explanation {oa.i/w.éo&wedddayinnep‘rmtéc
nats, Jn nephrotic animals the injection ¢f rat semun albumin did no
wmrect the delay (Experiment 7)), #hus suggesting that the delay in
cleanance of chylomicrons in nephrosis is not due 2o albumin defi-
ciency.

The presence of an inkibiton to post-heparin Lipopaotein
Lipase in nephrotic plaama was confimed (Gxperiment 2) , but it did
miqopmb/mvemgmieiniﬁeddaymtﬁzdma{in}wtd
hylomicrons (Experiment 3).

A marked increade in the aate of incorponation of recently
aynthesized fatly acids into plasma Lipopaoteins , oceouns in nephmwsis
(Eperiment 7). A similar increase in the incosporation of fatty acids
adninistered intravenously was also obseved (229). The increased
dincorporation ol fatty acids into plaama lipoproteins in nephrosis was
the neault of incrensed apthesis , and probably , the shift of ithe
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pood into the vasculor compartment similar o that obsewed for cho-
destewol. Thus the nate of neappearance into blood of radicactive
triglycerides would be much higher in nephrotics than in nonnal aats,
and the total radioactivity in blood of nephrotics would be progres
sively greater than nommal with time. This may at least be pantially
negponsible for the impression of delay in clearance of chylomicron
Lipid in nephrotic animala

To Zest the hypothesis £BB that Lipopaotein proteins
stimulate the synthesis of Lipids in the liver , studies on Liver homo-
genates were done. Hunan ,as well as, rat Lipoprotein proteins failed
2o show any atimdatony effect on the nate of synthesis of cholesterod
by the homogenates. Ch the contrany , a definite depression., mone
manked with the proteins of AL, was noted. The depression was caused
by amounts of proteins which awunted o less than 5% of the total
proteina of the homogmates However, bovine albumin alw depnessed
the synthesis of cholesterol by the homogenates

Jt has been shoun that the aynthesis of proteins and Lipid
do not necessanily go hand in hand , ie. , the aates of thein ayn-
thesis are not equally increased or decreased in various conditions
(297). Thus the depression of cholesterol synithesis by Liver homo-
genates , on adding Lipoprodein proteins , is ulikely %o be due Zo
a depression in the protein spthesis, Thus, the neaults augest ,
that the proteins of Lipopaoteins do not stimulate the synthesis of
cholesterod by the Liver.
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1. The delay in cleanance of chylomicrors from the blood
of nephrotic rats could not be atiributed to hypoalbuminenia,
Lipoprotein Lipase inhibitor on hyperlipenia.

2. The nate of hepatic synthesis of cholesterol in nephrotic
nats was increased above nommal 2 weeks after injection of anti~
Ridney semm, was nomal one week later and was decrensed below nor-
mal 6 weeks after the injection. The inconporation of recently synthe-
sized cholesterol into plaama Lipoproteins of nephrotic nats howevenr,
was greater than rommal in all instances.

2 The fractional rate of transfer of cholesterod from plasma
dow density Lipoproteins 1o ned blood cells was smallen than nommal

4 The Liver has at least #wo pools of unesterified choles~
Zenod; one on both of which are in rapid equilibrium with the unes
ternified cholesterod in plasma. The nate of exchange of cholesterod
between Liver and plasna is increased in nephrotic nats

5 Jn nephrotic rats the intravasalan fraction of the pool
mals, This may have been brought about by an alteration in the
nature of plasma Lipoproteina,
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(ordaibution 4o Knowledge by the Asthon

1. Anes in vitw method is suggested for labeling semm
Lipoproteins with radioactive cholesterol which does not have the
dravbacks of methods previously published,

2. Jt is obsewed that in nephrotic rats there is increase
in all clasces of plasna Lipoproteins and the increase is seen in
Lipid as well as protein moities of Lipoproteinas.

3 The delay in the clearance of duylomicrons faom the
blood of nephrotic nats is not atiributed to hypoalbsmirenia ,
Lipoprotein Lipase inkibitor on hyperlipenia.

4 It is indicated that toital unesterified cholesterol in
the Liver i4 present in at least two pools , one or both of which
are in equilibritm with plasa cwolesterol. No difference in the
fractional rates of exchange of cholesterol between Liver and plama
were noted in nomnal and nephrwotic rats |

5 Tt is shoun that hepatic content and nrate of snthesis
of unestenified cholesterol in nephwotic nats are related to the
dength of intewal aften induction of nephrosis The rate of sy~
thesis is above nommal 2 weeks after the injection of antikidney
serum , noanal one week later and below nommal 6 weeks after the
injection, The amunts of cholesterod is tuice nomnal 2 weeks after
injection , only slightly above nommal 3 weeks after and nommal 6



weeks after the injection of antikidney senum.

6. From these facts it is ooncluded that in the late stages
of expenimental nephnosis, hypencholesterolenia is the nesult of
nediatribution of cholesterol between the hepatic and plasma com-
ponenits of the cholestenod pool.

7. The tractional rate of transfer of cholesterol Zo ned
blood cells was amaller from low density Lipoproteins of nephrwiic
animals than of nommal nats, Jn addition there is an increase in
the capacity of pladna fo #rangport cholesterol due #o increades in
the plasna concentration of Lipoprotein protein and in the cholesterol:
protein natio in the Lipoproteins (especially in the case of the dow
density compoments). Ji is tentatively suggested that these changes
are mani ions of an abrommality in the Lipoproteins which may in
funn be negponsible for the altened plama-liver distribution of
cholesterol,





