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, 5 RELATIONSHIP OF STEROIDS AND PROTEINS
IN THE ANIMAL ORGANISMS

by
Raymond Dewis

University Laboratory of Chemical Hormolo
38, rue des Rescollets, Louvain (Belgium?y

(Speeca given at Lyon 25 April 1955)

In 1951 in a repert to the 23th French Medical Congress (17), we insisted
on the importance of the study of lipoprotein relation between blood and
tissues in the biochemistry of steroids,

The subject doesn't seem to have reapponrediin literature since then
and I thank Prof, Enselme for remembering "this subjeot whigh is dear to me",

I will attempt to enawer his 1nv1€ation and that of the Soclety of
Biological Chemistry by ocombining a critical review of-the:question with our
thoughts and firat‘reucltc concerning the relationship of steroids and proteins,
principally in the human organisms, | ,

The relatipnahip between proteins and lipids preocoupy the biochemist
at all times, not only because its structure, role and the mechanism of
their synthesis escape them, but also for a less direct reason: -these

relationghips, often unsuspectéd, prevent the complete extraction of the

-
[}
-

lipids; they constitute a dangerous obstacle to the knowledge of lipids -
amd of the sterolds in purticular - in the blological products, .

The power of lipoproteins to emulsify and dissolve independant lipids.
is added to these difficultiess this type of "solution® can,-in turn,-also,
resist to extracticn,

.

-, Tipslly, we must bear in mind that, as pointed out by Enselme (24),




*any protain whatgsoever, when subjeoted to & mors or less advancod stage of

.y denAturation" "may fix ncrmally independent 11pida" and subtract them from

the sction of ususl solventa, = = - @ e

v

\ . B ’ ) $

One may therefore logically state (17) that the ochemical study of

steroids, in the tissues and in blood, must be partly considered in light
of protein chemistry,

The first 1dea on lipoproteic domplexes dates beck to 1866, when
Hoppe-Seyler noted that tissues had to be treated with s protein denatura-
tlon so as to extract all lipids by ether (44).
In 1918, Bang (1) maintained for the first time that the blood serum
cholesterol is conneoted with the proteins and in particular with the
globulins, In 1926, Troensegaard and Kondhal (72) cencluded - on admittedly, i
. rather fregile foundation = that cholesterol is a prosthetis grouping of
earumglobulin, '
'. In our opinion, these are the most obvious steps in the history of
lipoproteins up to the day when Machehoenf began the first methodicel
work on thece substances, (55, 56),
The lipoproteins were originally essentislly considered as "synapses”,
" vague lesions, between proteins and lipids yhore the properties of both con-
atityents are medified or masqued (Machebvoeuf),
This definition must be broadened at present: the word lipoprotein
means any lesion, protain-lipid, in which at least the lipidic constituents
are not directly detectabls by their reactive or by their specific solvents, i
This definition does not prejudge anything, neither the type of relation,

nor the complex concentration into lipidm, nor the nature of the bound lipids,
. It therefore also holds true Zor the relation beiween steroids urrl_' proteins,



However, it is imperative to be able to distinguish these particular lipos:
proteins and for lack of a better expression shall use gteroidoproteins. -

By this term we mean sll lipoproteins with a 1ipidic fraction wholely or- .
pertly constituted by steroids, : ’

.

Our knowledge of steroidoproteins is mainly based on shance finds,

made during general lipoprotein tests, Even the most thoroughly studied -

lipoproteins hold many unknowns in this area, As these are the nmost
notorious steroldoprotein sources, a reasornable inventory of the lipo-
proteins should be drawn,
The collected materials will help us investigate the relations between
proteins and ateroids. ’ . 3
We will end with a study of methods of investigation and by an.
‘ wxpozition of some results, e LI L PP PR M
I, Animal lipoproteins in general
‘ A number of lipoproteins are known to us, mainly in the hlood plasma,

A numter tend to turn it into a classic concdpt, and to tabulate its prop-

erties, and even the number of its substances, One must not forget that
the study of these relations is at its very start, and that an unlimited
number of lipoproteins can exist in theory, 'This is partly drought out in
the following work, e s : LR
1, Lipoalbumins

The question of relations between lipids and albumins remain rather

obacure, AR R o IR
~

Macheboeuf,” was. the fi-st to isolate a lipoprotein, which had an albumin

” e~
v . . -
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proteic faotlon, from blood plasma (horse) (55, 56), This author has s:own
recently (57, 58) that 18 p, 100 cholesterol esters (10,4 p, 100 total chol~
estarol) ani 23 p. 100 phospholipids are fixed on one glbumin of horse serum,
This "acid evnopals™ - as named by the author = has s molecular weight of
approximately 85,000,

Jorter (36) confirmed Macheboeuf's observations as early as 19463 be
:paziated a8 non-precipitating lipoprotein from horse (or bovine) serum,
approximately pH 7, by meanas of semi-saturation with ammonium sulfate with a
molecular weight of approximately 70.000. Tnls author found 13,1 p, 100 of
total cholesterol and 39,6 p, 100 of tvotal lipids; the curve of spread in
monomolecular laysr in funstion of the pH was practically identical with
that of serum albumin, The solubilily characters, the molecular weight and
and ourve of spread led Qorter {o agres with Macheboeuf on the gllumis nature
of the oomplex protein, | '

It is ¥nown that certain small globules are not precipitated {by
@3‘)2304 more than vhe albumine in semi-saturation and in a neutral medium,
this precipitation being also a funotion of the“corcentration and mainly
of the pH, A simple operation evidently Aoes not zllow a precise knowledge
of thLe protein nature, On the‘other hﬁnd‘tho.moleculér‘wéighﬁ and partly

the curve of spread, seem to confirn the altuminous héfure of the Machehoeuf

A .
]

complex,
The latter has also shown that the acid synopsis only shows one single

component for'oleotrophoreﬁla, with phésbhataiétrip Jods! 7,7, and that its

wobility is quasi identical with that of serum albumin (57), The rate of

sedimentation during ultracentrifugatidn is slower (3 = 2,5%) than that of
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altumin, but this may be axplained by the high 1lipid contents, The
rossibility of denaturation during isolation of the acid synopsis was
also stuiled by Macheboeuf (56, 57).

In short Macheboauf's lipoalbumin or “acid synopsid" is one of the
poat studied lipoproteins, « strong probability, but no absolute corti- /

tuvds, exists in favor of the albuminous nature of this complex,

Other authdra don't even mention this albuminous nature,
In fact we shall soon ser that methods of fractioning (graining by ~
aloohol according to Cohn, electrophoreses according to Tiselius) Lave

repeatedly led to the isolation of fractions rathar amalogcus to acid

synopsis but having oertain chsracteristics leading one to believe that -~ -
it 1s 8 question of small jlobules, Confusions certainly exist here as

a result of (1) the imperfection and the non-equivalence of techniques;

(2) the juxtapoaition of results in connection with various animal types, | !
Whatever the case, it is now too on;iy to affirm, as done by sone,
that Macheboeuf's acid synopsis is identical to aj-lipoprotein of which i
we 3hall apeak below, 4
In 1941, Blix, Tizalius and Svensson (6) lsolated an albumin con-
taining 1,1 p, 100 cholesterol and 2,2 p, 100 phospholipids from human
serum by slectrophoresis, This human lipoelburin differs from Macheboeuf's
equine or bovine but its study is less advanced and the possibility of a ...
mixture exists, ‘
The same holds true for the orystallized humsn serumslbumin complex
and for fatty scids obtained by Kendall, in 1941 (48). L

Let us sdd that several steroids of the cardiotonie uglycon group




. .mainly joln serum albumins (25, 43),

1 .

It ia cartainzthat physiological, pathclogical and pharmacodynamic

-relationships exiat betwess serum and 1lipid Albunina. These relationships

_sre little known and vary from one animal speclea to the next, R

2, Lipoglobulins

‘The principal constituents of this group are for the prasent those

.usually ocdlled the a and B-blood plasma lipoproteins,

Blix, Tlgsliue ard Stcnazon (A) 4n 1941, found e hish percentage of

.1ipids associated with alpha and beta electrophoric globulins from normal

human serum, It has been recognized as a result of this work, that a and
B-plasma or serum globulins contain lipoproteins named respectively a and B,

The name lipoglobulins seams preferable for use here as it allows a '

distinstion between these relationships and the lipoalbumins,
A, Tbe a lipoglobulins (or a lipoproteins)

Isolated in the raw atate by elestrsphoresis (6), they were later:
isolated by salting out, by alcohol in the IV-T Cohn fraction (63),

The a lipoglobulins are the least known of the lipoglobulins, They
are 6asily denatured and are nearly always contaminated by other proteins, -
nctably by albumins,

"Cholesterol® presents interesting particulars in connection with a
1lipoglotuline, It may easily be extracted by leaving the protein in contact
with ether, An unexpested fact, which we have been able to wirify since
Batchelor (3), 1s that denaturation by 60° heat makes it impossible to
extract this cholesterc) with ether, In these tests we used total normal ™"

tman blood pissms alpha-globulin obtained through precipitation under the
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form of Frection IV-1 by Cohn's usicthod 6, Even ohloroform agitation pro-

longed for Lvur R4 hours attained mn approximate production of 30 p, 100
(in Lieberman colorimetrio equivnlhntsS as compared to the quantlity extracted
without previous denaturation, We wonder if this really concerns cholesterol
(See Geation 3),

In 1952 Lewis, Green and Page (52, 53) using ultruacentrifugation by
floating isolated two as-lipoglobulins which they respectively named a; and ay
ilpoprotain, These isolations were made more precise and partly confirmed by

oleotrophoresis, but the authors noted large quantative variations dependant

on the animal apeoiéa.

The a,-1ipoglobulin (or e lipoprotein of Léwis and others) is the main
constituent of a=lipoglobulins, It precipitates with az-lipoblobulin in the
Cohn faction IV-1, 1In the average in human plasma it represents approximapely
40 p, 100 of the total aj-globulins 10 p, 100 of which must still be identifled
TlLe aj-lipoglobulin is considered by Gurd (37) and his collaborators as a

completely individualized molecule 300 % long to 50 | wide with a molecular
weight of approrimately 2OCOOO

‘ 1

In 1950 Weimar, Mehl and wanzle- (77)by anlting out human serum, isolated
an acid glucoprotein or mucOprotoin oontaining apruximatoly 30 p. 100 glucides
ard spproximately 3,6 p, 100 of total lipids, It lis an 1nterest1ng example
of a mixed "gluco-}ipoproteic":oompoa;te; it 18 & proof of the diversity of
lipoprotoio relationshipﬁ; This nu?oprotein has the aame‘electrophoretio
nobility a8 the nl-aerum lipoglobulins (Ses Tudble I),

. The azolipoglobulin (nr Lowia and otheru lipoprotoin “2) is hardly known,

It has a flotation apocd botwoen the B und tho al-globulea. It only represent:
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spproximately 3 p, 100 of the total aj~globules more than 90 p, 100 of which
wust still be identified (Table I), &

Y

"B, The B lipoglobulins (or B lipoproteins)

B lipoglobulin (or B-lipoprotein or By-lipoprotein) with Macheboeuf's
lipoaltumin, is the best known lipoprotein cf blood plasma, It represents
an sverage 0 p, 100 of the pormal human blood plasma glzbules, but the
number varies greatly from one individual to the next anmd according to age
and sex (2, 52), 7% proalpitates in the TII-O fraction of Cohn from which
it has been isolated by uliwuoutrifugation (63), The B lipoglobulin con-
tains dry weight 8 p, 100 free oholestbrél, 3% p. 100 cholesterol esters,
29 p, 100 phospholipids and only 23 p,'100 polépnptide (Oncley (63))
approximately 75 p, 100 of the serum "cholesterol™ is bbund in this complex
which represents up to 5§ p, 100 of tho;'t'othl plasmatic protsins (Table I),
Snall quantities of carotencids and oestriol have been identified in B
lipoglodbulin, '

Acoording to csrtaln authors (37, 76} it is a question of a definite
chomical individual, with a spherical molacule 185 : in diameter and a
moleculer weight approximately 1.300.060. However certain recent immuno-
chemical works (3z) show that that in faot it'is only a question of a
sixture, - o T
. “The great lack of stability of this matter makes its study oxtremely
difficult, Tt 1s nearly instantly denatured by coagulation'and desication, "
The lipidic fraction {s rapidly oxydized by contact with air and this
oxidrtion seems to be started by that of carotenoid treces and by that of .

non-saturated fatty soid estews, An ap.ropriate anti-oxidant has rot been



fcund to dats,

Recent immuno-histochemical tests made by Coons (11, 12) method, have

shown that the B lipoglobulin eaaily passes into the cell oytoplasm, This

. might be a basls for the bellef that this lipoprotein is used by the lipids

PoRp——-

as a means of crossing througk the cellular menbrane,
C. lNic Farlanan's Protein-X . A

Isolated in 1935 (59) by ultrncentrifugation this protein appears to

be idontical with the B-lipoglobulin,
D, ¥y lipoglobulins
Blix, Tiselius and Svensson (6) observed in 1941, that small quéntities .
of cholesterol (0,4 p, 190) and of phospholipids (1 p, 100) are linked with
normal human serum gamma-globulins (impure fractions), .
‘ Leirmand (50) has recontly found elactrophoretic disturbances with a
high number of lipids in association with gamma-globulins, It 1s kqovn'
. that the major pagt. of antibodies belong to this éroup; the 11be£at#on of
which from the lymphocytes on is controlled by oxygenated steroids ih 11
of the suprarenal cortex (23}, ' |
Table I lists s few of the projerties of the principal known blood
plasma (mainly human) lipoproteins including their relationa to the lérge
~ electrophoretic fractions and their principal oonPtituents. o
3, Llipoproteins of unknown structure ‘
,‘ Numercus works have appoared during these 1ust fow yeurs on the iaolation,‘
of blood or tissue lipOprotoin fruotiona. ‘Many of thene do not provide i

aurfioiently oomplotc or prooiso date to be montionod in detail hero. Thoy‘ '

0 \‘
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often show an imperfection of methods and the lack of equivalence in the

latter causes confusion in these works,

4, Gofman's lipoproteins
These lipoproteins, isolated by ultracentrifugation of flotation cof
huran and rabbit serum in 1949, show an analogy to B-lipoglobulins by their -

lipidic fraction but are distinguished from the latter by the apeed of

flotaticn, It could be a question of a B artifact caused by elevated
ienio concentrations,

They contain approximately 30 p, 100 total choleaterol; vitamins and
liposoluble hormones (Oestriol ? ) and hnve the property of enulsifyihg‘or{;
dissolving neutrel fats,

B, Lipoproteic fractiona by Goldwater, Lewia, etc, _

‘ The fractionings of plasmatic lipoproteins reached by an anaipgous _
technique by Goldwater and Lis collaborators (35),‘hy Lewis and his ool-
. laborators (52, 53) ete, should ba paralleled ‘oo Gofman'q vibrk.'
C. Dandliker's erythrocyte lipoproteins ' '
in 1950, Dandliker and his collaborators (14) isolated a lipoprotein
from human eryth-ocytes, "alinine",'which oéntains an Ry factprAand;A'end B
snbatances, | ' o :
D, Folch's "proteolipids™ . ‘ ,
Isolated from the brain (26, 27, 28, 29, 30) these particular 1ipo-

proteins are characterized by insslubility in water and by strong solubility.

in chloroform and in chlorpform Aﬁd meghanollmixtures...pne of the fractipna}..-f "

vould oonta}n 45 P IOO,lipida,-moatly;fatty ioida;and bhoapho}ipida.‘
/ . . oo . . . 'A. .
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The paradoxical soludbilities of these bodies recall the solubility of

certain serun amino acids in pestrol ether as only caused by the presence of
phospholipids (78). |

II, Blood and tissue steroldoproteins

Noat of the lipoproteins which hnve Just been mentioned are, in varying
degrees, steroidoproteins, The preceding enumeration leaves one with the
inproasion that these present a rich and little known tie.d

In the following seotion, we propcss to £ind out whether there aro any
cther indications 1q favor of the existanco of specifically steroldoproteic

relations “n the biochemiatry of all tissues, and what would eventually be.

" the physicvlogical function and the chemical nature of these relations,

1, In the blood

" We have seen that 3 types of protein related steroids have becn
identified in blcod plasma; cholesterol (free and esterified), oestriol and
i7-cetosteroids, The preclse identity‘of the latter is not known, ‘

During recent experiments which will bs describved in Saction 3, we

" "noted the.existance of relationshlips between proteins and certain corti-

" costeroids in the humnan blood plasma,

It should be noted that the steroids always seem to bs accompanied

by other lipida in the protein relations in which they have been identified -

so far,

Ooatriol By-globulin is the best known plasmatic steroidoprotein

from physiological point of view, According to Szego and Roberts (68) - .

ooatriol is found in tho tarm of glycuronido. The oeatriol—glyouronide -

:

.\I
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By-clobulin would be synthesized in the liver and would represent the
principal circulating type of the cestrogens in the orgenism,
In connection with this, Plnous (64) made an intereating ocontribution

to the aterold hormones in a physiological wey; steroids usually con-
sidered "hormonoa" (Testosterone, B oestradiol, hydrocortisone) only
exercise theix characteristic effect by the means of "catabolitas™, 1In

many macmals, oestriol would be the active principal oestradicl catabolite,

‘It ia interesting to note that there are only approximately seven micro-

grams of oestriol in an entire liter of human blood, two-thirds béing

connected to ywroteins,
2, In extracts of steroid producing tissues

Works on tissular extracts give less information on the steroldoprotelc

relations than blood, Gitlin and his collaborators (33), in applying Coona'

. (11, 12) immuno-histochemical method found that albumin, B-lipoglobulln and

y-globulin of blood plasma normally penetrato'into the cellular cytoplasm,

It would then seenm probablé that any tissular extracts, even when devoid of o

blood, contain more or less the same steroidoproteins as blood plasma,
llowever, similer relationa in the tissues have not yet been &efinitgly
identified, even in the glandular steroid producing tissues, The only = = |

arguments for the tissuéu are based on‘supposition and probability,
A, In the testicle -

The extraction of testoaterone from bull and mainly from pig testicles

glvea very poor results if the methods;of extraétibn used are not energetic o

enough, such as simple digestion (for a fen dnys) vith alcohol at ordinary

tgmperq&ere. The reaults are greatly’ improved if the extraction is mado by




. ‘

boiling,

A possihble argument in favor of a tejtosterone-protein relation results,

B, 1In the placenta

Diczfalusy (20) has suspected the exlstance of a protein-progesterone
‘rohtion in the human placenta because the tissue alkaline hydiolysis still
‘l11berates progesterone =fter 3 deys, despite ether extractions twice a day.

w7 ‘The argument remeins problematic mainly becuase it is not constantly verified..

C, In thy aupraronala

The soretimes large di.fferences in the steroid prodnction of suprarenal

~ extrects, according to the method employed, seemed to stem more. from the

. processes of extraction and lwdrolyais than from variations between apeciea, .

[}

- individuals or seasons, - Thia 15 az. argument of presumption aimilar to that

. of the testicle, . ', c T T
. D, Inthep “‘bgbfvoias ~ L
| . Raoul and his oollaborators (65) have quite recently 1solated a lipidic

non-nit.rogenous probably sterolic subutance from parathyrpids ( P18, ox, horae),
which seemed to contain thé entire hyparcalcificatmg' activity’ o“ these glands,

..,'Iaolation was only aohieved after prolonged boiling. of a protoic rraction in '
"absolute ethanol | '

'3, Relationz with apoenzymes (sofermentary role)

A study of the enzymatio syatema in relation to steroid metabolism may
' be of interest, L o

‘The omymoa whioh t.ake a ‘direct part. in the blogenesis or in the cata-

'bolicm of utoroid: ‘are littlo knovn and at present there is no indication of

. ¢
v o o . '




a direct relation with these ferments, There exist presumptions in favor o

of the existance of such relations for other enzymatic systems connected

';th steroids:

Certain corticosteroids could be coferments of the alkalihe éhospha£ase : | f
(74), -
On the other hand, cne may note the inhibition of the following enzy-
matic s stems after suprarennlectom;: phosptorylase of muscle end liver (73),
arginase of the liver (/9), glucomutase of tho muscle (10), C, F, Cori and
his ccllaborators noted an in vitro antagonism between hexokinasis and the

corticosteroids (70), Finally, Hayano, Dorfman and Yamada (39) noted the
inhibition of d~aminoacidoxydase b, desoxyccrticosterone and concluded on

the possibility of a reaction between the steroid and the apoenzyme of the _f; :“gﬂ A

@ i EEE o | .
e Dirscherl (21, 22) ras described a stimulating action of androgenes and :
‘ oestrogenes steroids with ;;ébe_ct to an enolase to a hexokinase and a carb-

oxylase, administration of ocestrons in the ovarestomic rabbit :estitutes - b

the uterus actomyosine concentration and'stimulatea the adenosine triphos-
‘phatase activity, (13) ' S - R

Progesterone stimulates the activity of uterus lactic dehydrogenase ..
and inhibits that of the DPNH oxydase while the two systems would be | : ;

stirulated by the natural ocestrogens (4).

It is evident that these various stimulating or inhibiting actions

- could be-indireot and in no way prove the existance of a fqlation with the . .~ !

ferment apoenzyme, One may however consider such a relation along this

[

line, the relation of éertain cortico-sterolds with insulin apoenzyme 1is

15
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lation,

another attractive hypothesis which ceems to be aubported by certain pathologic
- factorsa,

* 4o The peptidic relation of Bilious salts

Some have considered the "pasptidic" relation of bilious salts the
indication of an origin by cleava;e from a heteroprotein with bilious acid
as a prosthetlc group, Nothing iz less certain, In fact, this is a case of

s pseudo-peptidic relation analogous to that of hippuric acid, At present

' one may admit that the ocoenzyme A (CoA) catalyses the synthesis of such

relations (2, 66), The 'agl i3 domonstrated for tho~synthesia of hippurio
acid which can be schematized: | .

B20H + CoApyrophcsphate 9 BzCoA + pyrophosphate ;
BzCoA + glycocol 9 Bzglycocol + CoA
This holds true for the synthesls of other acylated derivanta from
various non-aromstic amino acids (47, 54, 69).

Llet us add, in parenthesis, that the synthegis of the sctual pepticic
relation does no! seem to be explained by the intorvontioniof tﬁa Cod,

The bilious salts offer no argunqnt in favor of a uteroiddproteic re~

. h.5. Physiclogical role

The physiological role of the storoids or lipoproteic complexes has
often been discussed, We have mentioned it above, in connection wi'h the
role of oestriol gly~uronide = Blglobdlin. On the other hand we have seeu

that immuno~histochemical works have shonn the ponetrdtion of lipoproteind

. in tho cellular cytoplasm. Tho nnciont conccpt of 8 'tranaport" role seens

l.
.. .
o =
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thus to g;\cnnfirmed and made more precise, Finally, the role of these
relations 1s without doubt as numerous e&s the actual reiations,
6, Chemiml or physical nature

The nature of the relstion between protein and lipids evades us, The

types of relations are certainly numerous and they certainly vary up to a

‘point for a molecule during the metabolism, The phenomenons of solvation

end of assocliation certainly play a pért in the latter - with all the

‘differences that these terms contain in their definition of the relation

tween solvent and dissolved body, The simple play of Van der Vaals'
forces where the juncturc by the hydrogen bridges intervene beside relations
resisting to the most energu.tic analysis process, | |
At .this writing, certain proof of the existance of stefoidoproteins
only exists for blood plasma, Here the cholesterol far outdoes all the

other steroids by its semi ubiquity and by its high'numbers. However, the

\study of blood plasma that of fermentative systems, and that of tissular

extrarts give the impression that quite a few relatlonc with steroids other
than cholesternl escaped the researchers for various reasons,
111, The methods for the atudy of steroidoproteins, A few results

How to approach the study of these relations in practice? The metho@.

~naturally varies, according to one's desire to isolate the holoprotein or

only the prosthstic steroids, Here we will only be concerned with the
second point of view, |
The questiion hrought up hefore an instant seems at first tc deserve

our whole attentiont why does cholests:ol, of the numerous steroids identifiled

17
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in the animal tissues, seen to dominate on this polnt the other steroids

in the steroidoproteinic relations?

Physical o~ technical problems? In other words: do the facts con-

.form with the appearances? - and ir. this case, what ia tha predominence

of cholesterol? - 3 6r does the so-called cholesterol hide other steroids?
and where in this case is the technical lack?

For numerous reasons - their lieking would carry us beyond the subject
of this conference - cholesterol-aeemsyto be the steroid most frequent in
the animal organism, The basic reason remains obscure, It could be sug-
gested that cholesterol is a precurser of otier steroids, However this
theory becomes dubious and the fact, at least, certainly not exclusive, as
proven by the wonderful works by the schools of Hechter, Zaffaroni and
Pincus (40, 41, 45, 51, 64,.79) and those by Bloah (7, Haiﬁés»(BB),

Vestling (75)... Cholecterone may be considered a certain reserve-plug -

slightly like hepatic glycogen? , |
‘ Whatever the oase we bellove that‘“oholenterOI", as usually .found,
mdght hide a great number of other steroidu. These'are the reésonsa

Two great causes for error actually axist in the study of steroids.‘

. contained in the protein rich areas (blood,.tissular.extracta).

1, Inadequate extraction methods |

2, The ocurrent choleaterol (17) identification methods

First cause of error: extraction procedures _

Let us remember that our object here ia the quantitative extraction of
steriods attached in any manner to proteina gnd not th gt of. the gctugl
protelic complexes, i . | | | ”
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* . Nelson and his collaborators (50) while studying tke Josage of the 17
blood hydroxycorticoids atated in 1951 that there is no indication of notadble
oonjugations among these storolds, They stated that as a matter of fact,
neither incubation with B-glycuronidase nor acid action at ordinary tempera-‘
ture increased production, These aythors usually - and others have since

(5, 60, 62, 71) - make the extrcction either at the blood pH, or mere rarely
at pH 1,

Those methods appear insufficient after what we have said about protein

relations, The method of extraction by dialysis perfected by Zaffaroni (80),

also disregards thrse relations,
A "tradition" has long implied that there are no relations with bibod
proteins, and that all attempt at hydrolysis should be feared, This is en
. absurd prejudice inspired by superficial or incomplete studies,
Te have admitted that for obtaining a quantitative extraction of
‘ steroids of blood or of tissue, it was necessary a priorl: (1) to try to
break the hypothetical connection with the proteins; (2)'to findiout whethar»
there are any non-proteis roalations antagonistic to érdiﬁary extractions,
The liberation of stero}ds from their proteinic connections may ‘be

attempted elther by denaturativn, or by the more or less complete destruction

of the proteic molecule,
The denatiration with concomitant extraction such as hot extraction
with alcchol-ether, with alcohol-acetone ete,, give better results than those

obtained by "eareful” cold extractions by means of slightly denaturing solvents

such as chloroform,

Here I will mention that certain denaturations sometimes lead to para=~
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doxical results: above, we have desoribed that progressive hesting, below
60° of a lipoglobulin hinders cholesterol extraction,

e think tha* the most certain method for the quantitstive liberation

.~ of steroids in these mediums 1s the uso of proteolytic enzymes, for example

.. trypsin or papaine,

Ye have turned to this ferment in the work on human blood stersids

~ recently begun in our lahoratory,

The inconstancy of the activity of ordinary papalne 13 avolded bty the
cholice of a very pure papaine, The grestest difficulties are: {1) in the

cholce of ferments after the farmentative action; (2) in the solubility of

“the ferment in most solvents; (3) in the purification of the extract; (4)

1n the resistance of certain proteins to the proteolytic ferments,

'General proposed techoique

Here are the main lines of the technique we momentarily adopted for

the extraction and for fractlioning,

1. Proteinase digestion

50 to 100 e’ of blood plasma (or of tissular extract) are divided
into 3 or 4 equal pdrtions. ‘One or two portions are used as ocontrols and
are troated like the saﬁples but without addition of papaine, 5, 10 and
eventally 15 g of papaine per 100 cm3 are resyectively added to the other
portions, It is allowed to be digested for from 2Litb 48 hours at ordinary

temperature or at 370,

2, Extrsction and acid hydrolysls

Each sample aml each control are then subjected to extraction by &

cumber of successive solvents of varied polarities and general properties,
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- TABLE Ir .

Dipolary moments (in 1iquid phase) of a few solvents which are not soluble’
in watsr (*) '

.

Polar solvents {lon-polrr so0lvents

(at dipolar mements guperior to (at dipolaer momemts below 1,5 D)
1,5 D) ’
: n-butanol s 1,66 Renzene : 0
Ethyl acetate : 1,85 Curbon tetrachloride : 0
. Acetophenone : 2,93 Diethylic ethor : 1,14
: Nitrobenzene s 3,95 Chloroform 1 1,15

The first atage of the phnse of extraction and scid hydrolysis is usnally
conducted aléng the following plan:

Product of digestion (or control)

Extracted 4 tlmes in 30 mimites with 50 p, 100 CCL, (chain belt),

-

v v
Chloroformioc extracts I Tatery phase (Non-proteic or papaine resistant (2)
(a) relations and relations non-soluble in CICl,),
. ‘ Extractad /. times 30 minutes with 50 p, 100" n-butanol
(chain belt)
1
. v v
Neutral butylic extracts - I Watery stage Add 10 p, 100 con~
(B) centrated 01, Boil 10 minutes, Cool
«nd extract 4 times 30 minutes + 50 p, .
100 CHCIB, :
, | .
> <3
. "Acid" chloroformic IIT Vatery phase Extract 2
extracts (C) times 30" + 50 p, 100 of
' butancl e
1
v D
"Acid" butylie Wuste water phase

extracts (D)

. (’) u 18 O‘Xpressod in Debye’ lD= 1.10-18 U.C.G.S,
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The firet stage therefarse rosuita in 4 extracts, The C and D exfracts
are rinsed with a minimum of water satursted with NaCl, The neutrzlized
rinse waters are repeatedly re-extracted with CHC1l3 and these chloroformic
extracts are respectively added to C and D, Following dehydration by NA2SOL '
the four series of extracts are evaporated under reduced pressure to dryness

either separately, or more frequently, in pairs A + B and C 4 D,
3. First fractioning

Every residue is taken up by ethor devold of peroxides, The etheral

solutions are fractionated by successive extractions with Ham03 at 10 p,

100 and then with NaOH 2-n, One has:

a, Products soludble in NaHSOB. 'Raacidify and re-extract: M"acid"

fraction, .
b, Products soluble in NaOH, Reacidify and re-extract:s phenolic
ffaction. o .

¢, Products insolubdle in both these mediums (direct etheral phase
and rinsing phases before acidifications): neutrgl”fraction. .

Every fraction 1s evaporated %o dryness aftér dehydration,
4. Optional rcugh doseé N

In an4aliquot part of the fesidue; ore méy admin@stef doses grosso modo
by the usual techniqueé, thé 17 cetosiroids (in the neutral and in the -
phenolic fraction), tho,l7-hydroxy-c$rtiéoetoroids (especially in the neutral

fractisn), the oestrogens (eépecially in the phenolic fraction), ete,

‘5., Second fractioning

The residues of each of the 3 acid, neuter, and phenslic fractions are. -

treated by the Girard P reaction,
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Then, (a) the ketonic fraction is divided into alpha-hydroxyled + non-

hydroxyled and into beta-hydroxyled by digitonine (*), We pass to stage 6;

(b) The hydroxyled products (mainly cholesterol) aro separated from

‘the non~ketonic fraction by the nction of 06H5N.SO3. The hydrolysis of the

formed sulfate esters is achieved with diluted H2SOL' One may then either

fraction by digitonine or directly pass on to stage 6,
6, Chromatography

The 4 or 5 obtained fractions are separately chromatographed on silicate
by Mg + 50 p, 100 of celite, then on Brockman alumina (II-III activity),
Alumina chromatogrephy is sufficient in most cases (systems of succe:sive
solvents: hexane-benzene-methanol), Paper chromatography is being studied,
7., Identification and dosage |

Identificetion may only be nchieved by the combination of a number of
tests: absorption curve in the I-R and in the U~V and formation of specific
composites, This last test, added to the arguments drawn from the preceding
fractionings, is sufficlient in certain cases for instance in that of chol~
esterol which we will describe nt the end of the work, ‘

The dosage, after 1dentification,'may be made by a color reactian or
by gravimetry, ‘ |
Results

The results of this work, which 1s still under study will be published
in detail at a later date, e will latcr give the results of the application
of this method to the specific dosage of cholestrrol in blood plasma,

Given here are a fow total reaults concerning two pools of 450 cm3 of

human blood plasma (including the contrcls) so as to illustrate the influence

(*) The crticism of the fractioning by digitonins will. be made during the
study of cholestercl,
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of papaine and that of hot chlorhydriec hydrolysis, (Table III)

TABLE III

Results given in\gahmas for 100 cm” of normal himan plasma

Before = Aftervpapaine. . After chlorhydr, After direct
hydrolysis -.(extract A + B) - hydrolysis pre-  chlorhydr, !
S o : ceded by papaine hydrol, (i.e,,

digestion not preceded
{extracts C + D) b papaine
‘ digestion)
)
17-0H cortie,.. a8 3ja C L 23
b6 27 : 9 | 16
) (a) . ' . .

17-non-phenol a. 80 . © 280 0 . 310

catoster 5,90 - 195 30 220

(#) Technique Nelson & coll,

(##) Ixtracts with trichlorethylene at the plasma pH, The Cahen and Salter
techniques, ’ : S

Naturally we only use hot chlorhydric hydrolysis as a research medium and

with the necessary reservations for a destructive process, We do not intend to

. offer it as a method; it 13 a lasi resort for discovering relations which are

. otherwise detectable,

From this first test we conclude thet human blood plasma containe:

(1) proteinic relations unknown to date with 17-hydroxycorticosteroids;

~ (2) = relatively high quantity of 17-cetosteroids attached to the proteins

(on an avernge, approximately 240 mmg per litér; (3)‘non-proteinic’(?)

relations of the same storoi@a, hydrolyzed by hot concentrated HC1l,
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Second cause for error:

Imaginery identification of cholesterol in blological products

Our knowledge of cholesterol in blcod and in tissue is more often a o o

sor. of "tradition" than actual science, Cholesterol was separated in

blecod and in various tissnes by a colored reaction - Liebman's, applied
mostly by Grigsut (1910-1913) - at a time when only 4 or 5 steroids were
known among which cholesterol was the'only one to cause a reactlon,

Rese-rch conducted by the use of thils test rarely culminated in satia-
fying idnetifications.. It was under these circumstances that the work on
lipoproteins started between 1925 and 1930, ™hen at ihis time a product
extracted from blood plasma by a solvent of lipids, erystalized, wés
Lieberman-positive and even formed a digitonide - could there be any doudt

. that the cases (infrequenﬁ) during which some wes produced cquid be anything
but cholesterol? _ |

. ind after all, how many times is chtlesterol mentioned in the publicatlons
of that era without any mention of pro¢f or method,

These 8o very frigid convicticns. of the herolc epoch have often not been

verified by subsequont generations and have become "claasical" bJ force of

tims,

)

Such we belleve to be the history of what we call "the tradition of
cholesterol”", This tradition will possibly brake the advance of blood and

tissular steroid studles forbn long time to come, -

"Thet must be eriticized in the current methods of choleste?ol.idqnti-

fication in blochenistry or in medical choalstry?

The Lieberman-Burchardt reesction ia at tho base of most of these methoas,

2
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This 1s often preceded by the foruation of a digitonide, as in the case of
Schoenhoimer and Sperry (67), . |

The digitonide formation is evidently not spec{fic of cholesterol,
Twelve of the thirteen hydroxyle sterqids in 03 suprérenal extracts, are
precipitable by digitonine, . | l | '

- Moreover the digitonide,fbrmation is nelther specific of hydroxyles-B
(see (17), Page 60) nor of steroids since phenol, the d- and 1- a-terpineols,.
butanol, amylic alcohol, ets,, are precipltated by digitonine (*),

Lieberman<Burchardt!s colored reaction ié as unspecific as the forme:. A
This reaotion 1gs positiﬁe among othera, with all ihe 34hydroxy-45’6 sterols A.
of the general type (I) and with all the ayéatenols of tvpe (II), It is
therefore positive in the animallorgaqism, not‘only with'chplesterol but
also for example.vith.a?-prégnene-j'(ﬁ)-ol;zo-one‘and with dehydroepiandro-
sterone, | - |

(Fig. (Page 581))

We havo thus noted that a mixture of 40 p, 100 (in weight) of cholesterol,

of 40 p, 100 As-prcgnenolone and 20 p, 100 desoxycorticosterone, following

'Lisberman's reaction for dosage, corresponds roughly to 100 p, 100 of célored‘

cholesterol equivalent,

i

The interference withA5-pregnenolone is especlally serious since this
body 1is present in the steroid secreting glands - and doubtless in the blood -

and because there are reasons for belléving it to be more of a forerunner of

vcorticosteroidu'than cholesterol itself (5ee the works of Hechter, Zaffaroni,

(*) Natigine gives slightly dif~eront:but also non-specific results,
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Pincus, already mentioned),

let us also note that.aé-pregnenolonc - l!ke dehydrcvepiandrosterone -
forms a digltonide and that, therefore, the confusion with cholesterol is
fatal ard complete, Theoretically it is possible not to find a trace of
cholesterol where presenp.day methods claim to find great quantities,

This oritique calls for 3 concluéions: |

l, The ususl cholestefol research and dosnée methods, based on the
formation of digitonide and on the Lieberman reaction.(or on any}othe; '
related reaction, such as Salkowski'a) have neithef.chemical nor physio- -
logical value, B

2, The colored reactions which gavslfirst been‘studied nust be
eliminatéd from all future cholesterpi'research and é correct identifi-
cation method must be ndopted,

3. From a strictly bilological point of view, all the works on

cholesterol made exclusively by the methods in question should be reviewed,
Proposed method |

1, Extractions and fractionings

One must start with at lemsat 60 cm3 of blood piasmu."One may conduct
the extraction according to the technique of Schoenheimqr an& Sperry, modi-
fied by Hawk, Oser and Summerson (67), After filtration, the extract is

evaporated until dry, The residue 1le carried to stage 3 of the techni§ue'
which we just described,

This last technique may also be completely applied, One finishes with
a chromatooraphy on alumina,

2, Tracking down



4n aliquot part of every sample is dosaged, after evaporations, with

the Lieberman reaction so as to track down fractions susceptible of being

- cholesterol,

“'3. 'Identification,

.The samples correaponding to each positive Lieberman chromatographic
peak are mixed by peaks, ‘The mixture correshonding to a peak is divided
intc 3 equal parts which are evaporated until dry in damaged recipients,
?hey are weighed,

Supposing that‘it concerns cholesterol, the thrze residues are prepared
roﬁpectivelyx

a., bibromure, CpHcOBr,, p.f, 116-117° or 123-124% (a) (43,5 (CHCLy),

b, the acetate, p.f, 114-115°%; (a) ;-47,5°(CHOY,),

¢, bitromure scetate: p.f, 115°and 117° (dimorphisn),

 The physical constants of these three derivatives allow a strict
identification of cholesterol, in keeping with the operating conditions
which have Just been described, '

L., Dosage
' It can be done from all three de§1VHt1ves by gravimetry.: The result
will be expressed in free cholesteroli |

Results

The results will be published in detail after the terminotion of the

‘research, Following are some partial results,

The uée of the Schoenheimer and §perry_(67) method gave in 4 out of

5 cases, a colcred cholesterol equivalent in pirfect agreement with the

strict identification made by our process, The Lieberman colored equivalent
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contained approximately 10 p, 100 of & non-identified residue differing

fron choleaterol in 1 out of 5 cases (experimenta always conducted with

60 cm3 of blood plasma por subject), (Table IV),

TABLZ IV | L —

~——

True cholesterol from normal human blood plasma

Subject - Colored Equivalents True Cholaesterol :
(Schoenheimer & Sperry) (personal process) !
1, M, Bert, . 195 “ 199
2, M, De liog 210 202
3, M, Van Cal, 235 235
he M, Wol, 260 267
5. . Ruys, 245 222 + 2/, mng,
non-cholesterol
residue

We discovered the follow!~7 results in a non-compensated case of
. diabetes (aftor fasiing):
glycemy (Nelson): 450 mg p, 100 |
‘ "cholesterolemy" (Schoenheimer & Sperry): 400 mg p, 100
true cholesterol (personal process): 275 mg p. 100
+ non-cholesterolic residue (being studied): 107 mg p, 100
The true cholesterol was identifled, after fractioning and chroma-
tography on aliminum, by bitromure (p.f, mixed with ar authentic very -
pure sample: 124°), by acetate (p.f, mixed 111.5115°) and by bibromux_'e'
acetate (p.f, mixed 115-117°), | -
In this diabetes case, the classical 7cholaate£61" was therefore

contaminated by approximately 30 p, 100 of Lieberman positive products

which difrqr from cholea‘terél.‘




It is prodably superfluous to insist on the causes of error of the

- ¢lassical research and dosage methods of cholesterol in blological pro=-

ducts, 4 part of the problem of the "omnipresence" and of the high per-

e centage of cholestoroi id explained'by tﬁe uauai'nonspeéifib'estimaﬁ;a.}
" of this steroid (%, B | _ |
We have tried to draw attention to a partly virginitield whiéh is -
partly obsocured by prejudice,

h

Ye have attemptéd to paint as complete a picture as possible, while '

stressing the delicate or uncertain points,
The discussion has shown that it is indispapsible to seek more
precise methods of analysis and we have proposed two methods which from
the first results appear encouraging for cholesterol and‘fbr the extraétion
| of steroids oconnected with proteins, |
Our conclisions on cholesterol in biochemistry muﬁt have appaqred’
particularly misleading, While the cholesterol question should in fact

be partially reconsidered in biochemistry, the problem hardly appears

that i{mportant in current medicine, Routine proceduresvg;ve generally .
.:‘aatisfying results for the‘diagnostic in this field, |

There is no doubt that the steroidoproteinic relations and the

cholesterol problem to which it so closely related, forms é field of

o expcrience to which rich results call the investigator;

(*) This work on blood and tissue cholesterol was mado possible becausc
of the help of M, Christiaens, of Brussels and by the Roussel firm,




