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INTRODUCTION.

Within recent times the so-called "lipcidal" substances .
have been recogrised tc play an important part in the metabolism
of the bedy, beth in health and in disease. They have been
found tc crcss very mary lines of investigation and research
which, at first sight, seer far aparte. It i3 evident that a
knowledge ¢f the facts in cenneotion with the prcperties and
ticlogical reactions of these substances in the living body,may
be of great value ir the investigation of many problems in ..
physiclogy and pathclogy which are étill unsclved.,

Among the various lipoidal substarces which have been
described ard named, only cholestzrin has hitherto been obtained’
in a chemically pure statee The lecithins, phosphatide,
cerebroside etc. are at present to be regarded as mixturss,
exhibitirg ncre ¢r less definite nrop=srties, and obtained from
various organs by the action of certain organic solvents.

By reason of the ready isclation of cheolesterin in a state
of purity, much accurate obzervation of its properties and .
metaboliem has boen made po=sible during the reriod 1909 to 1914.

In such investigations the writer has taker an active interest,



and has made a few contributicnsz to the aiready extensive
literature cr the subject. As has occurred in the study of
rany imperfectly kncwn process=s of rommazl metabolism ( ee.g.the
ductless glands ) much physiological infcrmmaticn of value has
ac;rued from a study of the pathclogical conditions with which
chclesterin is concerned, ard thz presert thesis is to be re-
garded as an essay in both Cherical Physioclogy and Chemical
Pathclogy, nemal and abtncrmal elements being considéred tcgether
The subject teing s¢ large, and the prcbiems involyed 80
vari=sd, it is necessary to give a brief account of the known
facts,znd some histcric thecries, in crder that the writer's own
work may be placed in its proper perspective. The literature
is scattered widely through British, French, German, and Russian
scientific journals, and acknowledgment muat be made to Dr.
¥e.Anitachkow, Assistart to Professor Maximow in Petrograd, for
a very complete acccunt of some important expefimental investi-
gaticns putlished crly in the Russian language.
The writer's perscnal investigations havé concerned the
followirg oroblems.-
1. Investigations cf thebgeneral physiclogy and metabolism
of cholesterin in the body.
2. The physiological alterations in cholesterin metaboliam
which occur during pregnancy.
Se Cholesterin metabolism in relation to the formation of

gall-gtones.

4. Experimental wor on the relations of cholesterin to the



production of athercmra and arterioesclerosise.
Xuch of this work has beer already published in con-
tributions to.-
1. The Quarterly Journal of Medicinre.
2e The Glasgow Medical Jcurnale.
3 D=sutsche med. Wocherscrrift,
i, Zisgler's Beitrige Z. path. Anatomie u. allgemsin.
Pathrologie.
Scre parts ¢f tre work are as yet incorpiete and un-
rublished.
The investigaticns have Tteen carried out in three
Laboratorizss:-
1. The Pathclogical Institute of the University of Glasgow.
( Professor Robert Muir, F.R.S.) —
24 The Pathclogical Institute cf the University of Freiburg-
-i-B. ( Professcr LeAschoff)
3. The Chemical Institute of the University of Preiburg-i-B.

( Prcfessor A.Windaus,)



CHOLESTERIN,

HISTORICAL

As long agc <8 1773, Conradig’while examining gall-stones,
observed a peculiar substance which from its physical characters
and acticn towards sclvents, he considered to be a fat, and he
gave it the naire "gall-stcne fat".

In 1815, Chevreufgshowed that certain properties dis-
tinguished the substance from orxdinary fats, and to this writer
is “ue the name'cholqsterini

Foxr a long time all work in connection with cholesterin
was confined to the province of gull-stones, and it was not until
comparatively recent times that cholesterin was recognised to be
a normal constituent of every cell, of all tissue flulds, of
the bile,etc.

Before the universal presence of cholesterin in the cells
was recognised, many speculations had been made to account for
its presence in gall-stones etc.

Labbé and BeSancoé%ﬁwwnwb for instarce, believed that the
cholesterin was a product of leucocytic destructionm.

®
Flint (1862) offered the first real theory supported by
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some experimentzl s#idence. His conclusions were briefly as
follows .- ‘Cholesterin is an excretal product fomrmed chiefly
by the breaking down ¢f nerve cells, sep-rated from the blood

by the liver, shed rnormally in*to the upper intestine along with -
the bvile, and converted into stercobilin during its paésage
through the remainder of the bowsel", Flint found=4 his views
on experiments which seered to show that cholesterin was present
in greater amount in bvlood taken from the jugular vein than in
that tzken from the carotid arterye. Later work, however, showed
that Flint's experiments, carried out perforce ir somewhat
primitive fashion were inaccurate, newsr methods making it clear
that the cholesterin content of the blood in all vessels of the
body is the sawe in any individual. There are, nevertheless,
sore parts of Flint's original work whichk stand today, nuamely,
that in jaundice the cholesterin content of the blood 1is
generally 1ncredsed and that in the intestine cholesterin is

———e

converted into(stercobllin.) Thé:E;ercobilin/of Flint has been
{dentified with The Substance studi;%;;la‘described at a later
dute by Bondzynski and Humnioki (189€) under the name
®"coprostearin®,

Duval and Gley ﬁmuuwi from their observations that less
cholesterin was present in bile obtained from the bile ducts
than in that taken from the gall bl.dder, first formulated the
theory of production of_cholesterin by the wall of the gall |
bladder. )

o )
Naunyn (1892) developed this theory further, ir his classi-
s cal



work on"Cholelithiasig, roliing that cholest=rin was not an
excretion through the liver at all, but was a direct gsecretory
product ¢f the cells linirg the bile paces-ges, and especially of
the gall-bladder epitheiium. Naunyn's r=searches showed in his
view that chclesterin was first rroduced in the fcrm-of“myalin
dropletsLin the cells of the gall-bladder wall, und was shed
into the gall-bladder by desquamaticn of these cells, being
crly then liber-.ted as cholesterin. His theory of gall-stone
fcoraticn was built up or thsse otservations.

Rschoff and Bacmeiste}D(IQOI), in a study of cholelithlasig
criticised Nauunyn's work, considering that the fat found in the
gall bladder evitheliwr was due to direct gbsorption from the
bile, ard wes not in ary way a secretory preduct of the cellse.

This conclude= a brief summary of work carried out in the
days before any@ood chemical method of isolating cholesterin in
tre pure state had been described, and the publication of the
Digitorin method by Windaugbin 1909 marks the beginning of a

newv epcch in the study c¢f cholesterine.

CHEMICAL AFFINITIES and PHYSICAL CHARACTERS.

Cholesterin, as obtained pure; (trom'a'cholesterih gall-
stone, for example) is an odourless, rather greasy, cclourless,
crystailine substance, and is insoluble in water. It diasolvesv
readily at ordinaiy temperatures in chloroform, acetone, ether,
xylol, and similar substarces. It is only siightly soluble in

ethyl.alcohol in th= crld, but dissclves readily om boiling.
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From =olutiorn in ether or chloro“oxmr it eryst4llises out as
silky needless From beoiling alcohol 1t crystaillises out,on
cceling as trarsparent rhombic plot=s, often showing the typical
apveararce of "“a correr cut out”. The chemrical forrula accepted
by Windaus, Abderhalder, etc., is Cx7H“bQ, but other workers such
as Abefp}egard the fommula as C,H  O. Cholesterin is soluble
in futty acids, and rsutr-l fats (glyceryl esters), and in the
body ie indeed ccrmorly found as 2sters of the fatty acids.

In the labcratory chclesterin esters can be prepared by various
methods ,from a number of the fatty and aromatic acide. Lehmann
wa3 the firzt to poirt out, while working with artifically pre-
oared chclesterin-esterz, that durirg their passsge from the
solid tc tre molten isotropic state, they passed through an
intemmediate anisoctropic phéae in which the subatance while
pcssessing all the physical characters of a fluid, is turbid
ahd»doubly refractive to light. In the animal body the common-
est cholezterin-esters are thcse of 6leic, valritic, ard stearic
acldse.

Coprostearin, th= substance isolated by Bondzynski and
Hurnackidin 1896, and identical with the of Flint,
would appear to be a reduction oroduct of cholesterin. . Its
empirical formula, if cholesterin be tggen as C" H_O , may be
regarded as C,_H,  OH (dihydrocholesterin)s All attempts to
reproduce this subst-nce in the laboratory by reduction of

cholesterin huve g0 far failed( (vavem ‘\‘hoeve@
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CHENICAL TESTS for CHOLESTERIN,

The Iggguzggygg'test‘ is'the one commonly employed, and is

exceedingly delicate. It is used in rmcst of the colorimetric
methcds of estimating chclesterin quantitatively. The test: is
as follows.- |
"Rf sulvh.ric acid and goetic anhydride be added to a solution of
cholesterin in ghloroform, the fluid immediately becomes reddish,
then quickly changes te¢ dark green:

Various other tests are dvailable for qualitative work;

but are limited in their scope.

QUANTITATIVE ESTIMATION.

Great atrides in the investigation of cholesterin at once
began to be made after the publication of the researches of
Windaus (1905?, describing the metrcd of cholostcrﬁn estimation
by means of the purified alkalcid Digitonine. This method is
excesdingly simple in application and accurate in its results.
It depends on the fact found by Windaus, that free cholesterin
unites with digitonin}p,in?aicoholic solution of the two sub-
stanc}s, tc form a staple compound digitonine-cholesteride, which
precipitdtesvas transparent crystals. The union, moreover,

takes place in a definite quantative proportion, the ratio of

mholesterin to digitonin-cholesteride being 1 to 4. By weighing
the precipitate the arount of cholesterin in any given substance

can be readily obtained. Cholesterin-ester cannot be &fxectly
estigated a8 3uch, but must first be saponified to set free
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the cholesterin. If it is desired to esstirate the amounts of
cholest=rin and cholesterine-ester separztely, the material must
be divided into two parts; irn one part the free cholesterin is
estimated, and in the other the total cholestsrin after setting
frse by saponification that bound as ester. The amount of
cholesterin-ester present is then rezdily fcocund by simple sub-
traction. This method is extremely reliable, and easily
carried ocut with the crdinary apparatus in a Laboratorye.

We owe to clinicians, especially those of the French
School, varioue colorimetric methods applicable particularly
to smull samrles c¢f cholesterine-containing material, e.ge. bload~
serur. With practice, however, thess have been found to give,
within limits, fairly accurate results, and the writer has
controlled such methcds many times by Wimdaus' Digitonin method.
The best known of the cclorimetric methcds are.- .
l. Grigaut's method. (rranco)qD
2. Iscovesco's method. (l'ra.nco)@
3. VWeston and Kent's method, (Amerioa
4, Autenrieth and Tunk's method. (Germany)
All of the above may be sumrarised as methods of extracting
smail amcunts ¢f cholesterin in chlerofom, ant then applying
the Liebermarn or other similar tests. The green colour
resulting is then compared and titrated, widiew with a Liebermann
test put up »ith a standardised solution of pure cholesterin, or
(as in the Autenricth-Fumk method) with a standardised permanent

artifically-prepared green solution.



/3.

The "eston=Kent colorim=tric pe-trcd.

One or two cubic centimetres of the material to be exarined are
placed in a wide-necked stoppered bcttle, and ccvered with 20
cubic centimetres of absolute alcchcl. This ;s avllowed tc stand
in an cven at 55° Centigrade for a least 24 hours, after which
the alcovcl is decuanted from the preciritate left at the bvottom,
and replaced by ethere. After a further 24 hours the ether and
alchhol extracts are mixed. The precipitate in the bottle is
then thcroughly washed with boiling absolute slcchol, and the
alcorolic extruct sc cbtzined added tc the origimal alcchol-ether
extract until a volume of 80 to 90 cubic centimetres is reached.
A stick cf caustic soda is ther added to the extradt,and the
whole is saponified fcr 2 hours on the water-bath. In this way
any chclesterineester present is lidverated as free cholesterin.
At the end of 2 hcurs the extract has as a rule evaporated to a
volume cf abcut 10 cubic centimetres, and to this is thereupon
added 50 cubic c.ﬁtimetres, ¢r even rather more, of a saturated
sclution of calcium chlorides At once a white flocculent pre-
clpitate falls which contains the cholesterin. The precipitate
is cbtained by filtration and thoroughly well washed. A new
supply of calcium chloride must again be added to the filtrate,
in case escme further precipitution may be obtained. The whole
precipitate is dried on the filter papei,which is then extraocted
with 100 cubic centimetres of ethere. The ether is then evapor-
ated, and the residue dissclved in 5 cubic centimetres of cloro-

form. This sclution is now ready for the application of the
coclorimetric test, which is that of Liebemmann, previously
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iescribede. The green colouraticn is compared with the colour

given by arvplying the sare test tc varicus standardised sclutions
of pure éholesterin. All dilutior required to match the colouré
i® carried cut with a solution made up a8 follows - chlorofomm 5,

snhydrcus acetic acid 2, concentrated sulphuric acid O.l.

The Auytenxiethe k Colorimetric Method.
One or twc cubic centimetres of serum, or a suitzble small
quantity of other mate:ial, are pluced in a beaker to which is
added 20 cubic cerntimetres of a 25 2; watery sclution of caustic
=odae The mixture is saponified fcr 2 or 3 hocurs on a water-
bath tc liberate free chclesterin from the ester. On cooling,
the fluid is placed without dilution in a shaking-funnel end
shaken theroughly for 5 minutes with three oxr four timee its
volume of ordinary ether. The ethsr is allowed tc separate,
and is then carefully decanted. This proébsa of shaking with
ether is repeated several timese. The total ethexr-extruct is
filter«d, and evaporated tc dryness. The residue, which com-
tuins the chcoclesterin, is now dissolved in a known quantity of
chloroform, and is ready for the colorimetric tests

There is an alternative msthcd of extracticn, applicable
only'to tloocd-serum and bile. It is slightly less accurate
than the other techrique, but nmore sparing in reagentse. After
saponificaticn with caustic scda, the ehter stage may be omitted
and extractiocn carried wat direct with chloroform. At the first

shuking 25 cubic centimetres of chloroform should be employed,

and thereafter a further 15 oubic centimetres. The chloroform
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extract, which it always opaque from admixture with water, is
cleared by adding obout 10 % of sclid anhydrous sodium sulphate,
and shaking; The extract is then filtered toc get rid of the
solid scdium salt, and sufficient chloroform is woshed through
the filter paper to make ur the bulk ¢f the extract to 100 cubic
centimetrzse. For the colorimstric test 5 cubic centimetres of
this extruct are employed. |

In the caze c¢f bile, the shaking out with anhydrous sodium
sulphate gets rid of the bile pigments from the solution emtirely.

Tor the colorimetric test the Autenrieth-Funk colorimeter
is erployede This apparatus wazs chesar and well made, and has
been ruch used by the writer. For the test, 5 cubic centimetres
of the chloroform extract are pluced in a graduated glass
cylinder, tc which is them added 2 cubic centimetres of anhydrous
acetic acid and 0.1 of a oubio centimetre cf concentrated sul- -
phuric acide After shaking, the cylinder is kept im the dark
for 15 minutes, by which time the soluticn is of a deep green
colour. The small receptacle of the cclorimster is filled
with part c¢f this green solution, and the “standard® green-
coloured wedge moved =bcut until the cclours are equale The
reading on the scule, which mcves with the standard wedge, is
then compared.with a cholesterin curve or graph made up for the
apparatus by testing known éuantities of pure cholesterinme. In
this way a direct estimation of the amount of cholesterin im the

5 cubic centimetres of chlorofcmm extract is arfrived at. There-

after the figure wust be rultiplied to give the result for the
total cholesterin extract ( 50, or,usually, 100 c.c.) .
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THE BIOLOGY cf CHOLESTERIN,

It 1s impossible, in the limits of a thesis, to attempt
a complete survey of this part of the subjecte. All the main
peints, howev:sr, and especially thcse which ccncern the writer's

own work, will ®ecelve nctice.

G-neral Biologye
Chclesterin has now been shown tc be a asonstant constituent

of every vegetzble and arnimal cell. The gsneral occurrence of
a cholesterin-like substcnce in the vegetuble cell wvas drawn
attention tc first by Benékg? who isclated from various seeds a
bedy identified by Kolvgaas cholesterin. L&ter, however, this
gsubstance was differentiated by Hesag:ga a isomeric compound,
and haned by him Ehxjggggfzin; It has since been shown that
iscrers cof cholesterin exist in members of the vegetable series,
from bacteria upwvards. Thus they have bteen isclated from the
Tatty constituepts of baoteria, myxomycetes, seeds, and stems
and leaves of plants. ‘

| In the unimul body, the cholesterin,which forms purt of
all nomal cells and all tissue fluids, is present in a micro-
scopically invisible fomme.

In what stute dces it exist?
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W¥e know nc~ thet in the blood serum it exists chiefly as
eaters ¢f the f-tty acids. The condition in which it is present'
in the cells themselves ( e.g. the nervcus tissues ) is much less
certz1in. Norrally it dces not exist as esters, altrough Maiféb
and cthere have shown that in Ccptic mwrmies the brains have
cften been largely ccnverted irto cholesterin=estere. It seems
mo=t likely that in the rommal brair, and cther tissues as well,
tre chclesterin is simply presert in collcidal scluticn, i.e.
in associaticr with substarces which render it miscible with
watei. Now this prcperty of ccllceidal solution or emulsion is
not confined tc chclesterin, but is shared by other bediecs as
well. It iz, for exa®ple, a very marked property of rixtures
of lecithin and chcolesterin ( c.f. the Browning-Crukkshank-
Mackenzf%:;ntigen in the Wassemann test fcr syphilis), It
can, in shott, be safely premised that in the normal'coll;
cholesterin is physically assoclated with lecithin, the mixture
existing in the colloidal state. The esterising of cholesterin
with fatty acids, as found in the blood serur, has no doubt the
similar object of maintaining a colloidal solution ther;. On
this view, the deposit cf free cholesterin crystals in various
pathological conditions may be regardad as simply due,in prineiple,
to the cholesterin having fallen out of the colloidal state.

0 sterin in the cell
The peculiar chemical inertness and stability of cholesterin

do not suggest that it can be much concerned with the complex
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cherical vreccesses c¢f living prctoblasm. Its physical characters,
hewever, are such.és to favcur the idea that it might have an
imvortant rdle in cell economy, especiaily in relation to ab=-
scrptione It was demonstroted by OTQrté%)that substances which
can penetrate into the living cell all have the common precperty
of being scluble in fots and lipcids, such as lecithin and
cholesterin, On the other hand, substances known to be unable
tc penetrate intc cells do not possess this solubility. Overton
accordingly formrulated the theory that choclesterin and other
lipolds ccnstitute, by perivherali concentration, a semi=permeable
colloidal mertrane enveloping the celle In favour of this
theory a number cf facts can be cited. It is kncwn, for instance
that mecnohydric alcohols, aldehydes, ketones, and substances like
aniline, all readily penetrate cellse. Moreover aniline dges
which have the property of intra=vitul staining (e.g. neutral red
methylene blue, Nile blue, saffranin etc.) are all lipoid-socluble,
Qhereas other dyes found useless for intra=vital colouring are
insoluble in lipoids. . '

'In paesing it may simply be noted here that this theory
cf Overtcn has attuined great prominence in comnection with
attempts to give a physiological explunation of narcosis.

There a«re twe questions ccncerning cholesterin whiéh are
80 dependant en Overton's work that they may be sultubly con-

sidered here.

le ati cholesterin to the enomena of emolysise.
@
In 1901, Ransome, while investigating the mode of actiom of

sapcnin on the blood, found that if red corpuscles were washed

4
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entirely free fronm serum, they were therery rendered much more
suacertible tc the acticn <f sarcnine. He fcund further that
the conatituent cf thé serur, which interfered with the haemo-
lytic action cf sapcnin, waus contained in the ethereul extract,
and‘was in fact, chclesterin., Lecithin was shcwn to be without
any effecte. He concluded thut the toxic gffect of saponin
deperded on the sclubility reacticn which existed between the
savonin and the livcid porticn cf the celle He concluded
further that the existence of extra-~cellular chclesterin in the
serum would “S& 1imits, be a defence aguinst the entrunce of
sapcrin inte the cells., Nogoucé;>extended this work, amd found
that by adding chclesterin he could nesutralise the haemclytic
acticn of agaricin und tetanolysin as weil as saponin, lecithin
being witrout such =ffect. Later Flexner and Nogouchga;orking
with cobra=venom, found thzt red corruscles washed thoroughly |
free from serur were agglutinated by the wemom, but did not
haemolyse until serum was added, They concluded, therefore,
that the venom-haemolysin is an amboceptor, activated by some
sutstance in the serum. Koyeg?confirmed th-se observaticns

and showed that the substance contained in the serum which
activated the venom is lecithin. He regarded the union between
the venom and the lecithin as of a chemical nature, and actually
prepured a substancé cobra-lecithid, which has been used by the
writer to produce an experimental anaemiu in rabbitse. Kooppégp

Peskindc?van der Welé? and others, have pointed out that the

haemolytic activity of such substances as chloroform, ether,
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bile-salts, probuably depends cn the f.ct ¢f their solubility in

the lipoias ¢f the celle. >
24 The effects of cholesterin in the Wasgexmanp reactiop.

With the introducticn intc practical medicine cf the
Wassermann reaction in syphilis, the lipoids, especially
lecithin and cholesterin, have come in fcr renewed researcheeg
The reacticn was irntrcduced as an crdinary immunity thenomenen,
a saline extract of a congenital syphilitic liver being é&ployed
on the suppcosition that such an extract would contain the
specific receptcrs c¢f the spirochaete pallida, which, uniting
with correspendirg anti-bedies in a syphilitic serum, would
fix ccmplerent. It was scon fcund, however, that alcoholic
extraots of nocmral non-syphilitic liver had alsoc the property
of fixing or deviating cohplement in preserce of a syphilitio
rerum; hence it wae obvious that the réaction did not correspond
to the ordinary union of antigen and antibody. A search has
been made tc find the substances in the alccholic extract of
liver on which this reacticn depends. Much of this work has
been carried out in the Glasgow School, by Browning, Cruikshank,
and Mhokcnzig? From the fact that the extract used is an
alooholic one, it was at once summised that the lipcidal sub-
stances lecithin and cholesterin wculd play a part. A number
of these lipoids have been investigated to ascertzin if they .
can be used as antigens in the VWassemann reastion. It is not
proposed tc enter fully into this work'here, full references

being given in the publications of Browning and his ocolleaguess

It may be noted, however, thaut these authors found Shatug
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thst 1f chelesterin be dissclved to saturation in an alcoholid
scluticn of lecithin, this solution acts us a very efficient
substitute for the crude organ-extract generally employed. It
was further found that much degends on the method of making the
solution, tg;bid emulsions in saline giving better compiement

deviaticn thar colloidal solutionse



11,

THE ORIGIN of the CHOLESTERIN of the EODY,

Prior to the intrcductior of Windaus' Digitenin method of
estimation, rothing was really kncwn c¢f the origin and destiny
of cholesterin in the organism. Since 1909, however, many
workers have studied the probler, with the result that two
sharply divided opinions are now held.

The first view is dependent on the work of Chauffard and
hig colleagues (Grigaut, La Roche etce.) in France. This 8chool
claima that the chclesterin for the needs of the organism is
vrroduced within the body itself by certain "cholesterinogenic®
organs, namely, the suprarenal bodies, and, in the female, the
corpora lutea of the cvaries.

The alternative theory ras been surported by the majority
of other workers, chiofly of the British, Gerpam, and Russian
Schools. It denies that the suprarenals and corpora lutea are
to be regarded in any way as "factories" of cholostérin, but are
to be ccnsidered merely as intemmediate "depots® necessary in
some way for metabolisme. On the other hand, it affixrs that
the chclesterin of the body is derived from without, being
absorbed from the food ,either as cholesterin itself in the case

of animul diets, or as one or other of the various iscmers

Precent in vegetables, Further, a corollary of this theory
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maintains that the metaboliem of cholesterin in the body is of

a strictly conservative nature, the amount lost through the bile
being ncmally reabscrbed from the intestine. Ary psmmanent
loss is at ocnce made ur by absorption from the fccde

The eviderice ¢n which these two divergent theories have
been built up s 1mpcrtant, and will be discussed in some detuil.

The work of the French 8Schcol has been ably set forth in
& monograph by A.Grigaé;) Le Cycle de la jholesterilaemie, Paris,
G.Bteinheil 1915 ~ and the fcllowing summary is chiefly derived
from that worke '

Grigaut clears the wayg to develop the theory of his S8School
by discussing in the firat vlade work carxried out to estimate
the réle of the liver in cholesterin metabolisge Chauffard,
Grig-ut, and Lo Roche have repedted the cld observations of
Naunyn, studying the ococurrerce and localisation of fat droplets
iﬁ cells of the bile passages‘in normal dogs,and in dogs in
which the hepatic duct had been ligaturede From the results
of these experimenfa the conclusion is arrived at that the
criticism of Naunyn's results by Aschoff and Bacmeister is un-
warrented, the fat droplets not being due to simple resorption
from the bile as the latter authors declared. This decision

against resorption is arrived at chiefly because, imn the animals

where the hepatic dust was ligztured, no great increase in fat
droplets ocourred in the colll-lining the bile passages, although
under such expertmental circumstamces rgggfgz}on would be maximal

in degree. In Grigaut's opiniom, speaking for the Fremch School,
the rdle of the liver may be summed up in the following semtence
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"In the present state cf scientific knowledgz:, it appears
protable that the chclesterin of the bile is a gecxetion of the
epitheliur of the bile passages, =nd that this secretcry ackivity
has its seat of election in the area ¢f the bile capillaries and
in the wall of the gall bladder it:=elf,"

Grigaut next passes in review the pcssible crigins c¢f the
chclesterin «f the blcod serume His first assumption is that
a large proporticn of this cholesterin must be focmmed within the
organisr, when the enormcue disctrorortion between the content of
the serur ir various pathological states, and the srall amount
of chclesterin in the focd, is considered. He then proceeds to
bring forvard the view that the pmprarenals and corpora lutea
are tre -ctual factories of cholesterin for the organism. '1§h
regard to the corpus luteum, he points out that it is only within
the last ten years that the important fumctions of this ductless
gland in" relation 6o menstruation and ﬁregnancy have been recog-
nised, The activity of this glard is periodic and temporary,
but the lircids found in the glandular cells are fomrmed during
the period ¢f growth, and not during the recessive stage of the
glande In the initial haexorrhugic state of the gland, the
cholesterin content differs little from that of the blood serum,
Grigaut's analyses vuryingAbetween 127 and 2.27 gxms. per litre
(normal serum 1.5 gms. per litre). At the stage of maturity,
when the corpus luteum is atiil soft but éntirely cellular, the
average anaulyses shows =z cholesterin content of 5.85 gmus. per
litre. During the stuge of retrogression, wher the bcdy has

shrunk 8o as to be not more than a few Qontigrammqgv;a_ytishﬁ;

PR it ki iiansiiiw w2 :'.j
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the zverage chclesterin centent c¢f ten excminaticns was 10.92 gums
ver litre. Here, of course, the great shrinkage in size of the
body accounts largely for the high figuree. The interpretation
of the above facts allows of only two hyocthesEsi either the
corpus luteum is a simple depﬁt, or else the chclesterin is an
active glandular secretion. Grigeut,fror the histological
appearances of the active gland,is certain that the latter is the
true explcnation, because the lipcids arpear at an early stage
coincident with the body becoming cellular, and disappear when th-
corpus luteum is completely endede. In his view, therefore, the
corpus luteur is to be regarded as a temporary factory of chol-
est=rin impertant for cholesterin production during the pregnant
gtatee.

It is evicent, as Grigaut points oﬁt, that the corpus luteum,
being confined to one sex, cculd not have an equal importance :
with the ggg;g;gggg;ggggg;gg in relation to cholesterin metaboliss,
These glands asemtwba noxmaf??igﬁundant cholesterin in three of tle
four layers into which the cortex is divided by histologistse.

The suprarenasls are ri-her -in cholesterin than any other tisswe
in the body, the average cholesterin content being, accordimg:tsc

Grigaut's analyses, as follows:-

45 grammes per 1000, in the male. pexr 1000 grammes
55 grammes per 1000 in the female. of fresh substance

On these figures the suprarenals contain proportionally
more cholesterin than the brain, which gives an average analyseés
of 25 gxrms per 1000 of fresh substance. (érigaut'd figures for

nermal suprarenals, however, require some explanation. They - j

i A

refer to enalyses made in accidental cases of suddon doath, and

no doubt represent the true normal., In the
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at autopsy in ocur hospitals the average cholesterin content is
ccnelderably lowver = abcut 20 grurres per 1006 of fresh substénco-
sinze during the agcnal period bvefcre death the li-cids tend to
disarpear. See Landzu and McNee = appendix;) |

Grig¢ut next notes that ir all diseases shown tc be
associated with hypercholesterinaemia, the suprarenal glands
are enlarged, hypertrcphied, and laden with fat, whereas the
ccnverse holds in infections etc, where hypocholesterinaemia
SUpPSYVENes. This fact was firsf observéd by Guieység? and
has been arply confimmed by Albreéi and‘lbltmdé%% Landau and
McNeeégtc. In passing it is also of interest to mention that
numeroua‘writers - Pillié%? 1hquoS%)Jbs%éetc. - have pointed
out the frequent association of Adrenalinaeria with the hyper-
cholesterinueria of Bright's diseases, '

Experiments are then ‘detailed by which Grigaut and
Troisier thought to throw further light on the function ot'the
suprarenalse They found in a series of dogs tyat reamoval of
one suprarenal is quickiy followed by an incrcase of the amount
cf cholesterin in the blcod, reaching its maximur :bout the end
'6f the second week,then gradually retumrning tc nommal. In
arimals killed at the height of the chclesterinsemia the re-

maining surrarenal is found enlarged and laden with fat. This,

however, does not imply as much as Grigaut would suggest. It
would seem to indicate merely that the single organ had ex~
panded to tzke on the function of both, whatever that function

may be, whether cholesterinogenic cr quite otherwise. Never-

theless, cn such evidence as has been sumarised, Grigaut
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cencludee that in, for exrple, pregnancy and Bright's disease,

the increase c¢f chclesterin in the blood is the direct result

of ircreased production in the suprarenals, and that such hyper-
cholesterinaemia is truiy "par hypergenése”. Thie is in con-
trast to Grig:ut's cholester{naemia"par rétention', found in
hepat;c diseases, fcr wrich a number of differerces are pointed
cut. Grigaut ztates that in jaundice the suprarenals dc not
present the apprearances of increased functional activity,deapité
the increase of chclesterir in the serum. His chemical exume
inations cf the suprarerals in jaundice confimm this, the figures
being rather below than above the normal (avérage of five-cases
1£.2€ grammes per 1000 of fresh substance). It must be remarked
horever, that these findings in the suprarerals in jaundice are
not surpcrted by those of Landau and the writer, vho always
found wuch more doubly refracting fat present in the suprarenal
cortex in cases of jaundice than could be considered normal.

Ore cther point c¢f difference, first pointed out by Widal,
Weill, and Laudéaz has be=n confirmed; . namely, that whereas in
Bright's discase etc. bPoth the free and esterised cholesterin
in the serum are increased, in jaundice it is only the free
chclesterin #hich i3 augrented.

In the view of the French School, this hypercholesterine
aeria "par rétention®, seen in jaundice, is to be explained by
a deranged secretory function of the liver whereby the cholester-

in is prevented from esc:ping into the bile.

The alternative view may now be considered, namely, that
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the suprarenals are rnot to be regarded as factories, but mereli
as depots, the cholesterin lost to the organism being made up
from th= foode.

Chrcnologically, the most important sarly work on this
questicn 1is contained in a series of papers in the Publications-
of the Royal Society (Biology), by Gardner, Doree, Ellis, Fraségg;
Their exreriments seemed to show that :=
le In rabbits, whern cholesterin 1s giver in the fcod, some 15‘“*
abscrbed intc the blood stream, leading to an increase of both
free and e=tarised cholesterin in the serum.

2. In rabbits, fed on bran which had been extracted with ether
tc remove all the plant isomers of cholesterin, the total free
znd combined.cholesterin in the organism remains very comstant.
3¢ The liver is quite unaffected by cholesterin feeding, tﬁero
being no increase in the cﬂolesterin centent of the tissue.

4e In rabbits keprt in a state of inanition, and living thus on
their own tissues, a storing up of cholesterin in the liver
takes place, The blood of such animals contains, in additionm,
more free and combined cholesterin than the nommal.

5. In a human' experiment, where the diet was varied, it was
found that the amount of coprostearin excreted in the faeces
could all be acoounted for by the cholesterin tuken in from the
food, provided the body weight remaiﬁed constants In an attaok
of mild infiucnza, however, which o~zurred ﬁuring the experiment
and was accompanied by rapid loss of weight, the output,of

cholesterin (as coprostearin) exceeded the intake.

€« These authors consider they have brought forvard evidencer to



37!?

show that cholest=xrin is strictly conserved in the animal bcdy.
Any waste 1c made up by absorption of cholesterin frcm the food,
this sut~tarce rct beinz manufactured within the bodye. Ex-
perimerts with grcwing chicks confim this view, showing that
chclesterin c-rnot te readily synthesised in the animcl bedy from

prcteins, carbohydruates, or fatse

Turring new to the work carried cut by the writer, in
asscciaticn with Landau ,ard later with Rothschilde Part of this
has beer already published, but oving tc the war the experimental
porticn remains incomplete and must be continued when opportunity
offers‘. Having before us the opposing thecries advanced by
Grigaut on the cne hand, and by Gardmer, Ellis, etoc. on the other,
“e have carried out obsemtions}' with a view to amplyfying and
controlling the conclusions of these writers on the position ef
Athe suprorenal glands in cholesterin metabolism. One series of
observaticns was made on human suprarenals obtained at autopsies,
while the remainder of the work was purely experimental, and
carried out in rabbits. :t.nn«iav.G,B as a result of previous micro-
chemical and morphological work, had taken up a position in
opvcsition to the French view, concluding that the suprarenals .
were merely depots of chclesterin, necessary in some way for the
ret,bclism of this substance, while not being the actual factories
of the chclesterin of fhe body. Our first enquiry was a eontrol :
by chericazl methcds, of these morphological investigatioms. A )

number of suprarernal glands, tkken at autopsies, were 5ubjeatd

at the same time both to histological examination in frozen



Jo.

sections stained by Nile Blue, and to chemical examination by
the digitonin method. The results of these chemical analyses
are ziven in the reprints (Appendix No. ), und need not be
detailed here. The main nocints of interest #-ich e@erged from
this work are briefly as followi:-

le The results of cherical analyses 3how that the conclusions
founded or simyple hiatolorical ex.minations are reliable. Al
cases which on morphological grounds were regarded as containing
cholestsrin-23ter in abundance, gave a high figure for this
substance on chemical analysib, and vice versae.

2. The content of the suprarenal gland in free cholesterin under-
goes moderate changes, wvich are little if at all influenced by
alterations in the cholesterin content of the blood serum.

3¢ The labile element is the cholesterin-ester, which undergoes
wide variations im amount, dependent on the cholesterin content
¢f the blood serume. Further, it may be noted here that in
rabbits fed cn cholesterin to produce arterial changes ( vide
infra ),and where the cholesterin content of the serum can bel
artificially raised to as high as 1% times the nommal Ochec),
the suprarenals enlarge and store up cholesterin-ester just as
do varicus other crgans of the body.

The next work undertaken consisted in observing the
effects of unilateral and bilateral extirpatiém of the supra~
Ténal glands in rabbits. Similar experiments have been already
recorded by Grig-ut, und were referred tc in the summary of his
woxk. The'main results arived at by us,before the experiments

had t- ve bcoken off before ocompletion, wers as follows:=
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In mzele rabbits which have survived excisicn of bné éuprarenal
for some time, and have returnéd tc normmal as regards the ohol-
esterin content of the serum, remcval cof the seccnd gland leads
to the r=rid develcprent ¢f a high cholesterinaemia during the
few hcurs th:t the animal survives, This is in contrast to
the r-sults of experiments on dogs recorded by Grigaut, who
found no increcse irn cholesterin in the serum after extirpation
of tcth glands. It may "e that dozs and rabbits bemve differ-
ently, but it i3 obvious that the experiménts require repetition
in Tcth species of animalse. Our results in radbits, however,
taken os they stand, are of great interest when considered along
»ith the work of s'cevar@, surmarised by McCallum at the Inter-
national Congress, Londom, in 1913, Stewart found that pregnant
caﬁs survive double extirpation of the suprarehal glands longer
than others, and further that any cat fed on cholesterin for
scre time survivesthe same oper.tion for much longer than a
norms1 animale. In this connection also it is important to
remerber the experiences of Hultgren and Anderssé;? who found
a similar proiongation of life,after remcval of both suprarenals,
in male unimals which had previously been castrateds It seems
Trobabie, therefcre, that castration can lead not only to the
well mown increase in the glycerin-ester fats (general adiposity)
but also to an increase in the cholesterin fats as well, Furthar,

-4

this experimental work lends undoubted support to the view that ;j
the essential orzans of sex, including the corpus luteum, have )

K

some control over cholesterin metabolism.

This experimental work is admittedly imcomplete, and muoh }

3
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informaticn ¢f value may yet be obtainad when it becomes possible
to rerew and exterd the experimental investigatiors, From what
has already emerged hcwever, it is tre writer's opinion that the
suprarenal glands, whil= not the actual producers of choleéterin
must still have scme very impcrtant intemediate function in
cholesterin metabclisnr, What intermediate function can they
vo38288? This question has been much debated, and it has been
sugoested that their function consists in esterising the free
cholesterin cbtained by absorption from the bowel. In this way
a chemical dispcs4l would be carried out somewhat akin to the
glyccgeric function of the liver. There is however, no real
évidence available in support of this view. A second ingenious
theory has beer advanced by Landau, who was struck with the close
relaticnship betwveen the fat-laden cortix and the medulla com-
posed of sympathetic nervous tissue. Might it not bve, asks
Landdy, that if cholesterin is ocresent so abundantly in the
central nervcus system gen-=rally, it might alsc be essertial in
some way fﬁr the furctional needs of the sympathetic nervous sys;
The position of the liver in cholesterin retatclism hastem
alzo attracted our attention. The nommal human liver shows on
analysis 4n_aatonishingly low. perc-ntage content in cholesterin,
although of course, when the actual bulk and weight of the organ
is considered, the absolute amount is large. . In a wide variety
if diseases, including thrcse known to associated with hyper-
cholesterinaemia and the reverse, we have found on analysis no
change whatever of ncte in the cholesterin contsnt of the liver.

It i3 evident therefcre, that in man the cholesterin obtained from
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the li~er by anzlytical mefhods represents merely that contained
in the esoential structures of the organe It acpears that the
human iiver dces not store up cholesterin even temporarily be-
fore pussing it out in the vile, but merely acts as a filtcr.

In concluding thies secticn, it may simply be pointed out
th:-t m:ny of the questions rauised are far from being completely
settled. The problems are difficult, but of such obvious ime
portance in' th2 stuly of general metaboliam, that no pains must
te stared in trying tc completely discover the origin and uses

0f cholesterin in the orguanism.
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THE CHCLESTERIT' CCHETENT of the BLOOD=-SERUM in HEZLTH and DISEASE.

This has beer, zsspecially since the introduction of the
various cclorimetric methods, the subject of a great number of
invegtigations, and our knowledge in this field is extraordimnarily
complat 2, Slow crcgress was m:de while the more technical
Wirdaus methei (resuiring at least 10 cece of Berum) was alone
in use, but this method has been of great valiue in contiolling
ths less complicated and less agurate colorimetric methods.

It will be seen from the comparative figures given below, that
a 8lightly higher figure is always obtained when the Windams

metrod is smployed.

The ncmnsl content of the b;ggd-ggium 1§ ghglggggxan

Here it mucst be remembered that the’greater part of the
cholesterin rresent in the blood-serum is estsesrised, so.that
before any esfimation cf the total cholesterin can v~ made by
any ¢f th= methods employed, sapcnification must be carried out
to set free tha‘ester. |

The tabulated results of various writers are given below

together with the methods employed.

Digkert®
Windaus method. (éverage mt) | 1.822 grms per litre
Grigaut =« 17 cases. 1.765 grms per litre



35

Schm dtgp
Wedton & Kent nverage of 1,398 grms per litde.
method. } 17 casea}
Bacreist snd He gj
Weston & Kent average of
method. } € cases._} l.48 grms per litre.

én&saxlzﬂlsu@hlmnkg)
Their own colorij} average of}
metric method.

€ cases. l.46 g#ms per litre.

From the abcve it will be seen that the nommal average

cholesterin content of the serum circles round 1.5 to 1.8 gmms

per litre. A figure below 1 gramme, or over 2 grammes, is

certainly abrnormale

As most diseasss have now been examined in this way, it

will suffice tc give a 1list of those in which the cholesterin in

the blood is alw:ys increased (hypercholesterin.emia), and those

in which it is diminished (hypocholesterinaemia). Thereafter a

fev spechkal points can be dealt with.

Chronic Nephritis

Arteriosclerosis

General Adiposity

Diabetes Mellitus (not slways)
Xanthoma or Xanthelasma
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Inanition and Starvation
Liver Diseases with Jaundice
~ Cholelithiasis

Enteric Fever ( a notable exception: to all
other acute infections)

Acute infections of all kipds (except enteric
fever)

Chronic infections (tubercle, syphilis, etce.)

The severc Anaemias.

Of interest in these findings are the high cholesterin
coritents of the serum in the metaboliec éiseasol - diabetes,
adiposity, eto. The highest figures of all are generally ob-
tained ir cuses of chronic nephritis,and of xanthoma, where .
figures of over 5 grummes per litre may be obtained.  1In dia~
betes 3 grummes is an average figure. In hnbi:clo 0.8 0r 049
are average figures,

The effects of these changes in the choleaterin content
of the serum on the pathological findings in these diseases will

be considered later.
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THE CHOLESTERIN CONTENT of the PILE in HEALTH and DISEASE

Evidence has been led to show that the liver is to be
regarded as a cholesterin filter only, the actual conteat of
the liver tiazsue itself varying little with alterations in the
content of the blood-serump. It is interesting, however,. to
record the alteration in the cholesterin content of the bile
filtered through the liver in cases associated with hypexr-
cholesterinaemia in the serum. It may be stated that experi-
mentallj anything which causes an inoreased amount of cholesterin
in the zerum leads at once to an increased output in the bile.
The writer's own experiments with toluylendiamin,taken along
with those of Kné@otg?bring this out very clearly. Toluylen-
diamin is a drug which, when injected into animals, causes blcod
destruction and jaundice. Kusumoto found that in dogs inm which
a biliary fistula had been mude the inﬁcotion of toluylendiaminQ
brought about a rapid'inoroase in the cholesterin of theb ile.
The ﬁtitogazn the other‘han& complémented this work by showing
- that in dogs poisoned by toluylendiamingto produce jaundice the
choleéterin content of the blood is increasede A table demons-
trating this result is given below.

Experiment
The dog received in all 4.1 gms of toluylendiamilin 5 doses.
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 Day Cholesterin in grms per litre

1 ‘ 0,06

4 - 0.0€9

7 0.70

10 1,04

12 | 1,20

18 2;:2

22 1.9

In this connection,also ,the observations made by Baomeister
on a case of di:betes are of intersste. In this case a complete
biliary fistula existed following an operation, and by the Wine
daus methos the cholesterin content of the dbile was found to be
inoreased. Moreover PierJ;;)who examined the gall-=dladder bile
in a nurber of pathologicual conditions,obtained the highest
ficures in cases of chronic nephritis. The writer's own ob-
servations on the cholesterin of the bile will be dealt with
at length in the seotion describing the alterations in chol=-
gsterin metabelism which ccour in pregnancye. To sum up, however
it may be said that all facts go to show that any increase in
the chelesterin content of the bloocd-serum means an increased

cholesterin content of the bile as well,

e
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THE CHAKGES IN CHCLESTERIN LETAPCLISM DURING NORMAL PREGNANCY.

It h:s beer reccgrised since 1911 that dﬁring the nomal
period cof pregnancy the metaboli=m c¢f checlssterin undexrgoes pro-
found chansese. There 18 a gradual increase in the cholesterin
content of the blood-serum during the ~hole period, reaching its
maximum during the 8th and 9th months, when a éommon average
figure is 3 grammes per litre. This increase iz to be regarded
aB a constant vhencmencn. The following illustrative tables
!’y b givaNe-

Kligkerﬁcz)
7th to Sth morth = blood remcved direct from vein--
Windaus method = averag2s of 17 cases 2,633 gms per litre -
Highest figure 4.255 grms, lowest 1.875 grms per litre.
d Gri t‘!D

8th and 9th month - 32 cuses - average of all 2.45 gms per litre

Opportunity h:s also been taken of examining the blood of
_the new-born child, the samples baing readily obtained from the
ruptured urbilical vein at birthe. It is inter=sting and some-
what astonishing to find that the cholesterin content of the
serum here is much below even the nomal adult figure, and there-
fore Bar below the cholesterin content of the maternal serum.
The fcllowing table sufficilertly indicates this.

Chauffard, LaRoche, and Grigaut.

13 cases - blood from umbilical vein - average 0.55 grms per litre

highest gigure 0.85, lowest 0.35 grms per litre - colorimetric
method employed.
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Klinkezxt
7 cages = Windaus m-thod - average figure 1l.19 gmms per litre

Until investigated by the writer in 1912, ncthing what-
ever was knowr of the cholesterin contert of the bile during
the pregncent state. From the experimentul.work with Toluy-
lendiamin, however, whic» hus beer already referred to, an in-
creased cholesterin ccntent of the blle was tc be expected in
preghancy alSCe The anualy=zss of the writer's casegaare given
below - Bsee alsc Appendix No.3.

Iable. (Wehes)

Case month cf ¥indaus Weston-Kent
pregnancy ~ method method
free estex’ total

cholesterin ocholesterin cholesterin
1 4 €404 0.84 5.89
2 5 6.80 0+4C 6.14
. 3 6 - - . . 6.60
4 9 - - 94,50

Thus it is evident th.t during pregnancy the cholesterin
content cf the bile is much increased, up tc six times the nommal
in tre fourth case of the table,ghere de:.th occurred from heart
failure during parturitione. This will be referred to agaim in
discussing the relations of precnancy 'to the etioclogy of gall=
stones,

After child-birth, as Hemmann and Neumann have shown, the

hyperchclesterinaemia in the mother gradually passes off. The
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nomal figure iz reacled by the beginning of the second week in
weren whce cuckle their children, but not for a lcnger periocd in
those whc do note. In an invéstigation of human milk the same
asuthorg wsre -Yle tc show that the milk is one of the principal
routes by which the excess of checlesterin is eliminated.

The question naturally afises a8 to the reasons for the
‘hyperoholesterinaemiu of vregnancy and the way in which it is
brought abcute. " The view of French writers in this connection
ha8 already been discussed, the explanation offered by them being
the develomment of the corpus luteum. %e have, however, no

ideg of what function the increased amount of cholesterin can

possibly servee.
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THE RELATICNS CF ABNCRMAL CHOLESTERIN METABCLISY to the ETIOLOGY

OF GALL~-STONES

This will be very briefiy dealth with here, since full
details of the writer's views are giver in a paper entitled
*Recent work on the etiology of galle=stones", a copy of which
forns part of tﬂe appendix to this thesis. (Appendix No &.)

Suffice it to s-y that the notorious frequenoy of galle
stomes in women who have borne children is universally recog-
nised. Schrldeg:% large series of figures from v.Reckling-‘
hausen's laboratory show that gallestones are five times as
common in women as ln men, and ten times more frequent in women
who have borne children than in those who have not. What is the
cause of this special prociivity of child-bearing women to gall=
stone fomation? We know now that in pregnancy there are two
conditions which, on "a priore"™ grounds, would seer to favour
the origin of gallestones: (1) the constant increase of cholestexm
in the blood, and the greatly increased excretion of cholesterin
in the tilie,first demonstrated by the writer. (2) Pressure on

the gall-bladder, with resulting stasis, dependent on the growth’

of the expanding uteruse. These points have,of course, special

reference to non-imflammatory gull-stone fomation, where the | i

stone urises in an aseptic g-ll-bladder.

Statistics from Aschoff's laboratory show that over 26 %

-

i



4 3.

of gallestoties p=38 thrcuzh arn aseptic rhase, such stcneas being

either solitary cholesterin 3tocnes or the so=called combination

stcr.23., Trhe la

ct

i

tsr bezin «s vure

A\

chclezterin stores, and then
from tre cnsct of infeeticn in the s.lletladder, become coated

mith layerz ¢ the usual rixture of chelesterin-viomentechalk.
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LOCAL DPEPOSI™S of CHCLESTERIN in the TISSUES under PAYHOLOGICAL
CIRCUMSTAY CES,

Ir the histclo-ical study of pathological lesiocns in the
human body, depcsits cf cholesterin are of fairly frequent
occcurrerce. The substance may be present either in the pure
stute, or in the form of eaters. The pure cholesterin ies met
=ith either as the typical rhombic plates, or as bunches of fine
. needlese. Cholesterin-esters are found in two foms, as needle-
shaped crystals, and as anisotropic giobules. The needles when
heated to varying temperatures - 37°C to 70°C - melt to fomm
scherical globules which, on oooling, remain anisotropic for.
some tire. It is pcssible therefore, that during 1ife the
needles of chclesterin-cster do not exist, dbut only the fluid
crystalline stage. All the:varieties or cholesterin are
‘readily recognisable in the tissues by their double refraction
to light.

The essential conditions ﬁnder which deposits of chol-
esterin occur in the tissues are us fcllows:=-

A. Where the ohclesterin in the blood is increased.

Be. Where necrosis of tissue has occurred.

Ce Where lipoid-containing secretions, exudations, or
desquamation products have been retained.

€»

8. In tumour growths (Powell Wnite).



A.
1.

2.

Se

%,

B.

485

D a yergho texd N
The "white spots"™ on the retina, met with in diubetes-‘
mellitus, chronic nephritis,'exc; ‘These two diseases are
well known to be associated with increase of chclesterim in
the blood, and it was of great interest when it was demons-
trated (Lauber & Adanu%:? c'xim-,noe:r:g@,D Chauffa.rd@,) that these
spots were simply loculised cholesterin depositse. V.KoordegD
has pointed out that these spots may dilapp&ar if the chol-
esterinaemia be got rid of, and msy reappear if it returnse.
The"Arcus Senilis®™ has now been shown to be a cholesterine.
ester infiltraticn of the gg;g;:fumuggt assoclation of this
condition with arterio-sclerosis, in which the cnolesterin
connitent of the blood is always increased, is well kmown,
The "Xanthoma Tubercsum®, a peculiar and somewh&t rare skin
disease. Histologically this condition is found to consist
of the heaping up of large foamy cells filled with cholesterin
ester, This disease is met with most frequently in diﬁbetes,
and in certain liver diseases, both of which are oémmonly
associated with a heightened cholesterin content in the serume.

In gallestones « this hus already dealt with in a previous

sectione.
Dependent op tigasye necrosig.

The depoait of cholesterir cMrystals is of very common

occurrence where the necrosis of tissue has occurred within the

body,and vhere there is no outlet for the necrotic products of

the cellse. Common exampla2s are tubercular casszation, advanced
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atheroma, necrosis in rapidly growing tumours, degeneration
cysts of mary organs, o0ld pulmonary infarctions etc.

Under such cricgnstances, the reactionsof the neighbouring
healthy tissue cells are of much inter=st, and have recently
been studied by Roussgggnd H.Stewarg? If the cholesterin is
depcsited in the centre of necrotic tissue which is not organe-
ised, nc cellular reactions occur (tubercular caseation, old
athercma) e If, howvever, the cholesterin is depcsited in the
micdst of living connective tissue, then it acts as an irritant
-nd gives rise to the fexmation of very characteristic foreigne
body giant cells. In paraffin sections, which have,of course,
pussedithrough a cholesterin solvent (chloroform or xylol ), the
app-arances histologically are very charactesristice Clefte are
left vacant where the cholesterin orystals wefe, and the clefts
are surrounded by closely applied large glant cellse. The |
cholesterin here is in the fomm of rhombic plates, although the
cleft is generaily narrow from the way in which the cryatzl has
laine. Occasionully however, « lucky section may show a typical
Bpace of rhcmbic shape. Such cholesterin clefts, associated
with giant cell production, occur,as has been stated, where the
cf&stals are deposited contiguous with, or in the midst of,
living tissue which can react to theme. This conditioh is
fulfilled in many instances, and includes many of the lesions
where cholesterin cah alsc be deposited without reaction .,
(epidermmoid cysts; chronic mastitis, chronic pyesalpimyx, chronic

inflarmation in fatty tissues etce)e
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Coe Dependent on retention of lipoid containing secretions,

exudations, and desquamatory products.

Such circumstances are fcund in the retained milk of
chrenic mastitis, the fluids of o0ld empyemata, retained products
of o0ld supouration in many pcsitions, epidermic debris in dermoid
cysts, the oo-called cholesteatorata etce (In passing it may
be noted that the so-called cholesteatomatn,often described as a
tumour,is nct really a tumour at all. It simply depends on an
inclusion of epiderrcid tissue which continues to f oy on like
epithelium in its abnormal situation, leading to desquamation
cf keratinous maferizl rich in cholesterin. The condition is
most cften seer in connection with the cerebral meninges and in
the middle eax.) |
D. Dependent on tumour growth. | _

As Powell Wnit&Bointed out, deposit of cholesterin ocours
in various tumours quite apart from necroaii. It odburi among
the healthy living cells and consists of cholesterin-ester, seen
either in the needle-like crystaline from or as myelin droplets.
Both of these forme ocour ¥ithin the cells themselves and are
associated with the sc=-called "foamy" appear:nce of the cytoplasm
as geen in paraffin sectionse. A similar appearance is of coufse
normally seen in a paraffin section of the suprarenal cortex. |
The appearances geferred to are most commonly seén in oarcingmiﬁm'
and are 4 striking feature in a specif;::z} the kidney’-" -
the hypernephromae.
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EXP..RINENTAL WORK with CHCLESTERIN, CHIEFLY in REGARD to the
PRODUCTICN of CHANGES in the BLOOD VESSELS.

As far as experimental pathoclogy is concerned, the work-
on chclesterin seems to have orizinated in Russian Schools, and
in the first publications cholesterin was not known to be the
active agengmbringlng about the effects observed.

Ignatowski (130? was inveztigating,in rabbits,the effects
of substitution of purely animal good for the nommal herbivorous
dietarye The diet he used consistzd of ox-flesh, eggs, and
milk, and the experiments varied iﬁ duration between 21 and 198
days. He was astcnished to find, especially in the longest
egperiments, well marked degenerative changes in the walls of the
aorta, and other rorphological changes in the liver,
StarekadouskilQOQ) recgated these experimehts, using egg-yolk
as a dietary, and found the sare chunges in the aortae of his
rabbitse. He pointed out that the changes affected the intima,
amd bore a striking resemblance to thos:s of early atheroma in man

Stucke;:%EQlO) used meat-juice, egg-white, egg-yolk, and
_ milk,in a series of experimeats on rabbits, to see which of fhole
hud gest, §f any, effecte. He foungj;her.as meat-Juiée, egg-
white, and milk were rrsctically without influence, oggf’olk

produced a remarkable change in the aortic wall. qu‘;ptina
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became the seat of great proliferation and hypertrophy, followed

quickly by infiltration of the thickened area with fat. Pur-
suing this futther, Stuckey tried to find the active constituent
of the egg-yolk respongible for these interesting changes. It
seemred probable on "a priori" grounds that the albumen fraction
could have nothing to do with the result, since other richly
albuminous food (egg-white etc.) had been without effect. He
was led therefore to consider the other abundant constituents of
egg-yclk, namely the fats. Stuckey therewpon proceeded to feed
his rabbits on a variety of animil and vegetable fats, but all
the expe;iments were fallures,as regards aortic changes, exocept
in the case of a fev animals fed on brain tissue, where slight
changes resulted.

The clue to the truth was given by the work of Anitschkow
and Chalat&\m:%),who after feeding rabbits on egg-yolk and
brain substance, were struck by certain appearances in the liver.
Cells of the liver were found laden with fat, and this fat was
recocnised by these writers to be dcubly refracting, 1.e. chol-
esterin-gster fate. Thus the probability arcse that the constit-
uent of egg-yolk responsible for the lasions in the intima was
cholesterin, and feeding expsesriments were at once commenced with
cholesterin alone. In these rabbits fed on cholesterin(dis-
solved in sunflower o0il), all the intimal changes were produced
with great intensity, and their similarity to those of human
atheroma was fully commented upon.

The work of Anitschkow und Chalatow has been repeated by
Wacker & Huec and by Wilson and the writer, with fully
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confirmatory resultse Our c¢wn experimente (McNee & Wilsonm)

were interrupted by the war, and are not fully complets. A

brief acccunt of the main results, which were communicated to
the Pathological Socisty of Great Britain and Ireland in July
1914, is given below.

In all, five experiments have been completed, varjing in
duration from 31 to 101 days. The technijue used was the
followinge A supply of cholesterin was obtained from gallestones
by the ucual method of Foxlet extraction with ether, and the sub-
atance 80 obtained was purifiei by re-crystallisation from chloro
form. A 2.5 % solution of cholesterin was prepared im olive oil,
by heating the mixture #n a water bath for an hour or more uﬁtil
the cholesterin dissclved completely. The aninall.used (large
rabbits) were fed daily into the stomach through an ordinary soft
rutber catheter with 10 ce.ce of the oily sdlﬁtion, each animsl
receiving 0.25 g of cholesterin daily. Adequate controls;
using olive 0il only, have been carried out.

In all five animels changee in the aorta were noted, but
they varied greatly in degree,acccrding to the duraticn of the
eape;iment.

In the first experiment (33 days) the changes were slight, being
confined to yellowish patbhes in the neighbourhood of thq infer&
costal vessels. _
In the second experiment (36 days) two yellow patches, each 3-4 *#
.millimetres in diameter, were present on the ascerding part ef‘a

the aortic arche

In the third experiment (101 days) very striking lesions were




found, lcarge yellowish pa:tches being vwresent throughout the
whole length c¢f the thoracic and abdominal aorta. This case
was exurined histclogically in great detzil, and the majority
cf the illustrationa are taken from this experiment.

In the fourth experiment (7€ days) abundunt yellowish patches
were also found, with in addition two very definits small
saccular zneurysrs situated close above the aortic wvalves.

In the last experiment (68 days) numerous small patches were

found situanted on the whole length of the acrtic wglle.

e t 2s5i e aortae.
Micfcscopically, the clozse similarity of the lesion to
that of early wztherome in mran is extremely well seen. The
intima slone is generally affected, and is iaised into a patche
The internal elastic lamina is seen to split ‘at the edge of tho
patoh, and becomes invisible below the central part of the lesion.
Frozen secticns stained by Sudan IXX ,or Nile Blue,show the patch

to be laden with fat, and when examination is made through

v, .
e £

crossed prisms, the greater part cf the fat is found to be
doubly refructive to light. The distributicn of the fat is
important, part being within cells and part between the cells.

If a very early small lesion be examined, the fat is seen to be
all extru-=cellulare It is formed first us small fine droplets,
which gradually incrsase in number,and are doubly retracting frvn
the outset. Soon numbers of large phagocytic cells appear, vith_
rounded nuclei, and much vacuolated protoplasm. These cells

absorb the fat and are soon luden with:it; they are iiéuﬁtid
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between the elastic Tibrils, which in this way become widely
geeparated from one another. The origin of these "foamy" cells
ig still in doubt. It is cexrtain thot they comé into the intima
from elsewhere, and at first contain no fat. Anitschkow, who
has gcne very carefully intc the question of their origin,
believes them to be either ¢f ccnnective tissue or lymphceytic
origin. In the later stages of the lesion, some chuanges are
also fcund in the innemost layer of the media, the muscle fibres
becoming sepurnted and arrangsd in irregular fzshione. In two
of the animals fed on chclesterin, patches of calcification of
the media were alsc present, but this change hus also been ob-
served in contrcl animais, so that further obsexvations are
necessary befcre any ccnclusions can be drawn. It is of interess,
however, to ncte thut over the site of the area of calcifiocaticn
the intima 1s raised as if to fomm & support for the weskened wall.
This, of course, is also a phgdéménon-found in hunanfarterial
diseacses |

In passing, =zor: reference must be made to the changes in i
other oergans of the animals fed on cholesterin. Doubly refract- f
ing fat is laid down in abumdance in the liver, spleen, bone-
marrow, and in the suprurenals,which last increzse to double
their nomul size. In the liver, spleen, and marrow the chol-
esterin fat is found, on mivroscOpic examinution of frozen
sections, to be stored in the endothelial cells, and not in the

essentiul parenchymatous cells of these organse

A series of microphotographs, illustrating the results of
the five experiments, is included here.
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Photograph of a rabhit's aortae. The animal was
fod daily with 2.5 gms of cholesterin in olive
cil for 76 dayse. .

Note the rauised patches on the aortic wall, and
the saccular aneurysrs a short distance above
th€ aortic valves.

Barly change in the intima of thke aorta of a
rabbit fed on cholesterin.
Note that the change is confined to the intima,
which 18 raised intc a patch containing “"foamy"
cells.

Paraffin section. Hueraulum & Eosin. X 50,

tater chunge in the intima of a rabbit fed on
cholesgterine.
Paraffin sectione. Haemalum & Eosine X 50,

Prom the same specimen as Fig.3., Frozen sect-
ion. paemalum and Sudan 1II. Photographed
through crossed prisms.

Note the abundant doubly refracting cholesterin

. fat in the thickened intima. X 50.

Calcification of the media in a rabbit fed on

cholesterin. Note the proliferation of the

intima to form a support. )
Paraffin section. Huemalum & Eoeine. X 20.

The same as Fig. 5. under higher power. X 50,

Deposit of doubly refracting cholesterin-ester
fat in the liver of a rabbit fed on cholesterin.
Photographed through crossed prisms.

Frozen section; gaemalum & Sudan III; X 50.

53.
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Fig.8e Deposit of doubly refracting cholesterin-ester
fat in the gpleep of a rubbit fed on cholesterin.
Photographed through crossed prisms.

Frozen section. Haemalum & Sudan III., X 50,
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THE RELATIONS cf the AORTIC CHANGES PRODUCED EXPERTMENTALLY in
RAEBITS to those of HUMAN ATHEROMA,

The questicn cof whether the experimental results obtained
in rabbits throw any light or the obscure problem of the
czusation of atherora in man, requires wvery careful consideration,
Eefore proceeding tc this, however, it is necessary to review
briefly the theories of causation J?:Ezheroma, most of which are
due to Geiﬁan pathologists, A careful watch must be kept on
the teminclogy of such writerg, or great confusion may arise
from the study of the theories set forth. For many Gexmgp_;ﬁw”j
vriters the temm "arterio-sklerose” includes all fomms prcggﬁgridf
disease, both those primarily of the intima and thosg of the
mediia. British pathologists,on ‘tho other hand,as a rule care-
fully separate utheroms { a primary disease of the intima ) f’“!é;
arterio-sclerceis ( a primary hypertrcphy of the media,followed
by degenerative sclerosis of fidbrosis). It must be admitted;r
however, that the two conditione were thoroughly recognised by
Marchand, who distinguished our "atheroma" as"atherosklercse"- a
disease of later life, in contrast to "arterio-sklerose"® where
the mediul hypertrophy ocours in meddle life. e
The theory of etiology of atheroma (atherosklerose) which |
has probably received the widest acceptance,is the moohaniéal

theory of overstr-in or overstretoking, aoaoei;taﬂg!&ti:tha‘lulb
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of Thoma, ond developsd by him in a long series of papers in
Virchow's Archives. This view was actively supported by
Marchan Romberg, Jores, etc. This thecm takee note of the '
fact thut the changes cccur in the degenerative period of 1life,
lorng after the vessels havé ettained their full size. The
develorment of the lesion is attributed primarilj to rhysical
and mecharical overstrain of the vessel walls, and the actual
localisation of the patches tc sesandussy damage ¢f the elastic
tissue, brought about ¢y bacterial or alirentary voisons in thé
broad zences This view has in rscert times been zttacked by
Luba.rs Benda etce.,and again stcutly ucheld by Aschof(fi? Torhorst,
and others. Aschcff points cut as a histological fact that the
growth cf blocd vessels is always characterised by gradual hyper-
rlazia of the elastic tissue ( well seen during the establishment
of a collateral circulation after arterial ligature ), ;;iiesl'
during the degenerative veriocd of 1life there occ;fﬁ ayé;f;;1iz
mixing of fibrous tiésue with the elastic tialuc; |

How does Fhoma's theory, with ite more modermn devélopments,
fit in with, and explain, the peculiar degenerutive ch?nges with
depcsit of cholesterin érystals and lime salts, =0 chaiacteristic
of humar atheroma? Jorese states that the fatty chunze is the
result of fatty degeneration of the elaastic fibres, but»Aschoff
and Torhorst have shown that the site c¢cf f.tty degeneration is
the inter-fibriilar cement substarce,ard not the elastic fibrils

themselves. These authcrs describe a process of swelling and

loosening of the cement stbstunce, which they attribute to abe
sorption of plasma through the intima. They believe that such
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a rrocess of absorptior through the intima car explain all the
degenerative changes chdructerietic of atheroma. In their view
chclesterin-sster is drawn in with the plasma, and depocito& in
the inter-gcellular cement subst-nce between the elastic fidbres.
At first this fat is raridly taken up by cells (just as in the
ﬁxperixental lesicn in the rabbit), but as mbre and more fat
acocumulates, the cells finally die. The cholesterin-ester, set
free agair irn this wuay, i3 socn brocken up to liberate crystals
of cholesterin, while the free fatty acids combine with calciumr
tc form scaps, and this finully resulta in the characteristic
depceit cf lime. This view, it will be seen, is simply super-
added to tﬁe treory of. Thoma, in crder to explzin the peculiar
derenar=tive changes in atheroma.

This mechanical theory of Thoma held almost ﬁndisputod
sway until lately, “hen numercus workers - Josue (Fra.noé)® L
Ignatoviké:%%ussia), and Saltykng:%eermany), began to advance
the aliméntary thecry to the front. The French and Russian
wor¥ has already been referred tc, while Saltykow's original
experirerte described the effects of injection of cultures of
staphylccoocci into rabbits, and the aortic lesicns which resulted
A critical examination of Saltykow:s work, however, showed that
his rabbits were fed on milk and eggs, i.8. substances containing
abundant cholesterin. Thus Saltykowv, in his latest communi-
cation admits that his findings were quite probably due to the
feeding, and may not haie been direct effects cf the bacterial

toxin intrcduced,
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This brings us on td discuss the place of choiesterin in
thg&athology of human arterial diseases such as atheroma.

It is certain that the mere deposit in the intima of small
spots of cholesterin-ester does not constitute atheroma. Such
spcts are quite common in young children dying after infective
teveis, at a time, in fact, when the cholezterin content &f the
gserum iz known to%be reduced. It is evident, toco, that mere
hyrercholesterinaeris is not sufficiert to bring about huran
atheroma. Otherwise, atheroma would be a commcn @isease in
wcmer who have b@rne many childrern. In diabetes, hcwever, a
diseace commonly asscciated with hypercholssterinaeria, 1arge
vellow patéhes of fatty deposit are common in the aortic intima.
In one young soldier (aged 21) who died of acute diabetes, the
writer found the acrta almost covered with large pstches of
intimal thickening, laden with cholesterih Tat. Histqlogioq;

examinaticn showed, however, that no degeneration and no Qgpoait

of lime salte or crystals of f¥ee cholesterin hud occurred, so

it may well te doubted if these thickenings were truly atheroma
at all. veNoorden hus pointed cut that the white spots in the
retina, which occur in diabetes, m.y disappear if the hyper-
chole%tcrinaemii passes cff, and it seems quite vrcbable tha?
the aortic changes might do likewise. Other local deposits of
cholesterin-eater in the tissues are known to occur in man
where hypercholesterinaemia exists. An example of this ;s
seen in the develomment of xanthoma,in cases of Jaundice, gnQ
more rarely in diabetess There must, however, bs some .

additional factor at work in the production of thig sonditiom,
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since xanthcrma is fir fromw teing a ccrmon complication‘of’such
diseasges.

With regard tc the exrerimerts on rabbits, certaln pcints
must be borne in mird.
l. Rabbits are herbivora, ard the aortic changes have been pro-
duced only by giving them a quite abnomal animal diet. All
experiments cn degs and cats have so fer been failures, although
more require tc be done,
2¢ In rutbits, the amount cf cholesterin trhe the serwr can be
kept up by feeding tc fourteen times (McNee) the nommzl, and it
is orly in lcng continued experiments that the changes are found.
Such a ﬁypercholesterinaamia never ccours in man. In rattrits,
experiments have shown that this tremendous hypercholesterin-
aemla can result bvecause very little cholesterin passes through
the liver evern ncimally (rabbit's bile contains mere traces of
cholesterin), whereas in mar, except in complete biliary obe
struction, cholesterin readily filters out by the liver.

On grounds such as are referred to above, the writer has
arrived at the {follcwing conclusiorse
l. In man,the presence of hypercholesterinaemia is not a
sufficient cause for the occurrence of atheroma, although it
may account, in part at leas$®, fro the occurrence cf fatty
patches in the aocrtic intima.
2. The presence of cholesterin-ester in a true atheromatous
vatoh is eimply to be regurded as an outward visible sign of a
degenerstion in the intima,brought about in a way which is(up to

the'presenﬁ)unoertain. In other words, the damaged (ovcrztrai%a
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*Thoma) area of the intima is simply made clearly visible and
demarated by the peculiar secondary degenerative changes - de-
posit of cholesterin and lime salts - fcund in atheroma.

3« The occurrence of cholesterineester fat in the degenerative
change of utheroma.ia rrobably accounted for by a direct
absorption fror the plasra passing cver the 1nt1m§.

4. Until our knowledge exterds, the mechanical theory of over-

strain,originally developed by Thoma and elaborated dy others,
must be left ir possession ¢f the field.

G e

TOrne Feve.



GENERAL SUMMARY .

It is hoped that, from the survey of the subject pre-
sented here, some idea may be gained of the present state of
our knowledge of cholesterin metabolism. In some parts,
our knowledge is well advanced; in others, our information
is merely fragmentary. The importance of the investigation
of cholesterin is sufficiently obvious from the questions
raised with regard to both physiological and pathoiogical
states.

It may be indicated again that the study of cholesterin
merely touches the fringe of the larger question of the meta-
bolism of the lipoidal substances in general. Until, how=-
ever, the other compounds are more accurately identified, and
sultable chemical means for their isolation and investigation
are evolved, advances in our knowledge of their functions and

metabolic activities in the body are likely:to be slow.

65,
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