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The Cholesterol Content of Human Blood Under Pathological Gonditions.
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The lipoid substances heve acquired so much significance in
physiology and pathology in resent years that those investigators,
who have devoted much time to an intimate study of the subject are
inclined to asoribe %o them a most important role in the animal
economy. To quote Asdhofén "The doctrine of the undivided sway
of protein as the supporter of life has been rudely shaken, and
numerocus and weighty examples are cited to demonsirate the great
importanee of the lipoids.”

A specially interesting and important member of this group is
Cholesterol, not only because of its wide distribution in the body,
but also because of its ability to form ester~like ocombinations
with the fatty aocids, which are almost as frequently met with in
tissues undergoing fatty degeneration as the glycerol esters them~
selves; while in addition, it plays a very imporiant part in the
eeonomy of the organism. And it is with cholesterol that we are
here concerned.

The present work comprises an investigation of the cholesterol
content of the blood in various morbid conditions, and has been
undertaken with the object of ascertaining how Par blood cholesterol
determinations might be of value in the diagnosis snd prognosis
of disease, while at the same time an attompt has been made to throw
some further light on cholesterol metabolism.

Determinations of cholesterol have been made on the blood of
12 normal individuals and of'igg patients suffering from various

diseases. The oases examined may be subdivided into seven groups,thus,



1. Normal oases.
2. Pregnancy.
3. Typhold fever.
4. Cholelithiasis.
5. Oases associated with Glycosuria.
6. Genito-urinary conditions
8 Prostatlc enlargemenis, benign & malignant.
Renal, urethral & ves:l.cal conditions.
Blood dimeases
a) Anaemias, primary & secondary.
b) Conditions associated with Splenomegaly.
Some interesting Wnfl suggestive results have been obtained,
but before proceeding with the account of the author's work, a
brief description will be given of the kmown chemical and _
morphological characters of cholesterol and of its relations ‘Eo
physiology and pathology. |
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~ CHOLESTEROL - its chemical and morphologiocal charsoters.

Introduction.
Sinoce cholesterol was discovered by Conredi in 1776

and enalysed by Chevreul in 1816, it has been found to be widely
distributed in the animel, and in isomerio forme in the vegetable
kingdoms It 1s found in small queantities in all protoplasmie
structures, in bile, blood, sebum and similar oily seoretions

of the skin, and is an especially abundant comstituent of the
white substance of the brain and of the medullary sheath of the
nerve.

The fact that it also occurs in isomerie forms in the
vegetable kingdom as the so-called phytosterols, makesit highly
probable that it plays an important part in the economy of all
living substences.

In addition to true cholesterol there also ocour
in human beings and mammals saturated derivatives of it, con~
taining two additional hydrogen atoms, which are dextrorotatory,
as opposed to cholesterol which is leevorotatory. These are
found in the exoretions of the body, as Isoeholesterol in
lenoline and as Coprosterol in the faeces of humen beings and
earnivora.

For our Imowledge of the Chemical Composition of
" oholestercl we are indebted to the extensive and thorough

researches of Windaus .( )



Aocording to this worker cholesterol has the formmla
C_ H_ 0, thus ‘
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The structure of C Hl'y has still to be detemined. It 1s _
thus seen to be a aimplo, wsaturated monatomio, secondary aloohol.
the hydroxyl group being placed in a hydrated ring, between two
methylene groups. It oontains one unsaturated bond and an isoamyl
group, and possesses the charmcters of a compliocated terpene.
Cholesterol possesses the power of forming orystalline additionm
products with the fatty aéidl,, these taking the place of water of
~ orystallisation. This "water of orystallisation® oan be removed by
heat or by treatment with aloohol and the alkal:l oarbonatos. it
also forms simple and colloidal solutions with the fatty acids,
neutral fats, soaps, especially the soaps of Tauro- and Glyoo-,cholie
aolds.

These have to be distinguished from the tiue esters which are
saponified with diffioulty and are less easily soluble in sloohol |
Rhan free cholesterol. Until recently thers was no exact method
of differenuating betweon fres and eomb:lnod( cholesterol. A great
advanoo in this direotion was made by Windaus (1909) with the
d:lsoovery of the D:lgi‘l;onin method. When cholesterol, in alocholic
solution, 1s treated with an alocholie solution of Digitonin it
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forms a complex compounq,
Digitonin Gholesteride,which is precipitated as a fine orystalline
powder, This 1s formed from a molecule of cholesterol and a
moleoule of digitonin, thus -
Oz1 Bas © + 055 Hoy Qg =Caz Hyy On
(Cholesterol) (Digltonin ) (Digitonin~Cholesteride).
This addition product is insoluble in water, cetone and ether, is
soluble with difficulity in 95% alcohol, is more easily soluble in
boiling alcohol, methylalcohol, glacial acetic acid and pyridine.
Pree cholesterol alone combines with digitonin, the ester has first.
to be saponified. By washing with a mixture of alcohol and ether the
cholesterol esters gd into solution, leaving the insoluble .
Digitonin~Cholesteride behind.

 Two colour reactions are made use of in the detestion and
quantitative estimation (colorimetric) of cholesterol, viz.

1. The Liebermann-Burchard reactlon.

When to a chloroform solution of cholesterol (§ c.c.) 2 c.c. of Acetic
An¥ydride and 0.1 c.o. of concentrated sulphuric acid are added a
seéuence of brilliant colours is obtained, viz. vivid pink, blue and
dark green. In cholesterol solutions of low concentration only the
green stage of the reaction oan be seens

2. The Salkowskl reaction.

When to a solution of cholesterol in ehloroform an equal volume of
concentrated sulphuric acid is added and the two are well mixed

by shaking, the chloroform rises to the t&p as a red coloured layser,
while the subjacent sulphuric acid shows a well marked gieeh
fluorescence.  On decanting the chloroform layer and adding water
to 1t, it becomes colourless; the colour is regained on adding

concentrated sulphuric acid.



Morphologiocal Characters. _
Adami and Aaohofé3%1906) were the first 4o present us with a |
detailed morphologiocal study of cholesterol.
" Vifchow in 1855 described what he termed Mfyelin forms". He
recognised myelin as, 1f not a single substance identical with the

esséntialvconstituent of the medulla of nerves, at 1éast, a class of
substances which chemically were closely allied thereto.

A very characteristic property of a large number of myelin bodies
is that of double refraction. If a fresh froxen section, or some
of the expressed juice of the suprarenal, which is rich in myelin,
be taken, what under the ordinary microscope appear to be minute
fatty globules are seen in part to exhibit doubke refraction under
polarised light. Between the crossed Nicol's prisms each 11ttle
globule exhibits a black eross with four highly illuminated, bright
and colourless interveking seotors.

These doubly refracting globules afe "fluld spheroorystals” .
Lehmann's obvervations have shown that there exlst substances which,
when heated, pass into an intermediate state. From being solid
they become fluid, but still, under polarised light, they are seen
to maintain the characteristiec crystalline feature of being doubly
refracting. Heat to a further degree and the fluid becomes perfectly
isotropio, without a sign of double refraction. In this intermediate
phase we deal with orystalline fluids, and the individual orystals
are fluid orystals, oapable of being distorted by slight pressure.

The property of double refraction possessed bj}mw@lin was first
observed by Mettenheimer in 1858, rediscovered by Apathy for nerve
myelin in 1890, by Miller and Schmidt in 1898 for sputum myelin and
again, independently’by Kaiserling and Orgler for suprarenal myelin
in 1902.



After Kaiserling and Orgler (1902) had demonstrated the physlos

(4

logloal occurrence of doubly refracting orystals in the cortex
of the suprarenals and in the thymus, and their pathological

occurrence in tumour cells, numerous publications appeared drawing

attention to their oocurrence in various other situations. The

following 1ist is taken from Aschozf.’’

Cortex of suprarenals
Atheromatous arteries
Amyloid kidneys

Chronic nephritis
Lymphatics of the ldidney
Thymus |
Sputun

Lymphatios of the Lungs.
Tumours

Puerperal uterus
Epithelium of gall-bladder

.Lymphatics of mucous membrane
of gall-~bladder

Lutein oells
Xanthoma
Choroid Plexus
Pyosalpinx
. Pyometra
Aotinomycosis
Mesenterie cysts
Chronioc mastitis

Tabes Mesenterica

Kaiserling and Orgler.

Kaiserling,0rgler,L8hleim,Stoerk.
" ”® " "

L8hlein

Kalserling and Orgler.

Sehmidt and Miller

Schuitze

Keiserling snd Orgler

Munk .

Aschoff.

Aschoff

Kaigerling and Orgler
Stoerk,Pick, Kammexr
Picke.

Pick

Pick
Schlagenhaufer,Merkel.
White

White

White

and this by no means completes the list.
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#.W. Beneke showed so long ago as 1862 that choleaterol played
the chief role in the formation o%;myelin forms.
The researches of Panzer (1907) and Adami and Aschoff (1908)

(3)

have demonstrated that the property of double refraction possessed

by myelin forms is due to cholesterol esters. Panzer succeeded

in isolating a cholesterol ester from pathological kidneys which

wore rich in doubly refracting material. Adami and Aschoff were

able to synthesise chelesterol .oleate by melting together Oleic Acid
and cholesterol and the substance thus obtained seemed to be 1dentiecal
with the doubly refracting material found in the intima of atheromatous
aortae.

Adami and Aschoff have demonstrated that soaps, espeﬁially the
ammonium soaps, possess the property of double refraction and that
mixtures of fats and fatty acids with cholesterol esters are doubly
rofracting. ©

In 1908, White questioned whether Adami and Aschoff had really
been dealing with cholesterol esters or only with mixtures of
cholesterol and the fatty aclds.

Craven Moore (1907§Z;ent further still and denied the existence
of true cholesterol esters in(??e organs, at least under physiologleal
conditions, while Klotz (1909) in an article on "The Large White or
Soapy Kidney" attempted to show that soaps, and especially the oleates
of sodiun end Potassium, and not cholesterol esters were responsible
for the phenomenon of double refraction.

It was with the object of clearing up this dispute that Windaus
(1910;f)at the request of Aschoff, examined some normal and pathological,
fatty kidneys and determined the pen-centege of cholesterol and
cholesterol esters in both.

His figures are given below:=
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I. Normal kidneys, welghing 280 grams contained

II.

Pree cholesterol 0.26%
combined " 0.012%
Normal kidneys, weighing 238 grams,contained

Pree cholesterol 0.22%, and
~ combined " 0.030%

Normal kidneys, therefore, contain very little combined cholesterol.

ITI. Amyloid kidneys, containing but 1ittle doubly refracting material-

Iv.

V.

were found to have
Proe cholesterol 0.27%
combined oholesterol 0.090%
Amyloid kidneys, containing abundance of doubly refracting material,
gave on analysis -

Pree cholesterol 0.32%
Combined cholesterol 0.55%

Amyloid kidneys, ocontaining abundanoce of doubly refracting material,
Bave on analysis - |
' free cholesterol 0.33%
combined cholesterol 0.65%
The above experiments show that normal and pathological kidneys
do no¥ differ much in their contentd of free eholesterol, but the

amount of combined cholesterol is very much inoreased in pathologlecal

kldneys, especially so in those containing abundant doubly refracting

4

material. )
Windaus (1910) was also able to isolate the cholesterol esters
in pure condition fromtgggekidneys and found that they were composed
of two fractions, which he showed to be cholesterol palmitate and
oholesterol oleate. These esters were handed over to Aschoff, who
found that they behaved both in the polarising mioroscope and in

relation 4o stains in exactly the same manner as the doubly refracting
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substances which Aschoff had found in ﬁathologioal kidﬁéys. »
These investigations proved conclusively that the doubly

refracting droplets found in pathologiocal, fatty k:!.dnéys,. were

composed of mixtures of cholesterol oleate and cholesterol palmitate.

The assumption of Oraven Moore and White that they were addition

products of cholesterol and the fatty acids was thus demonstrated to

“be incorrecte. 109 . | ﬁ
Windaus (1910) further investigated other organs containing

doubly refracting substances to Pind out if they ylelded similes

results. He carried out investigations on normal and atheromatous

aortae.

His results are glven below:~

Experiment I.

Normal sorte, weighing 57 grams, gave on ’analysis

Free Cholesterol 0.119%
Combined " 0.047%

Experiment II.
Normal sorte, weighing'SI grams, gave on analysis -~
¥ree Cholesterol 0.103% .
Combined . 0.032% |
Normal aortae are thus seen to contaln very little combined
cholesterol.
Experiment III.
Atheromatous aortae, welghing T8 grems, gave on analysis =
Free Cholesterol 0.741%
Combined " 1.053%
Experiment IV.
Atheromatous sorta, weighing 64 grams, gave on analysis -

ree Cholesterol  0.673%
Compined " 0.792%



The above experimente give results which are in accordance with
the previous findings. They also show that in atheromatous eortae.
there is a great inorease in the cholesterol esters, but the free
cholesterol is slso increased, in contra-distinction to amyloid
kidneys which showed an inorease in cholesterol esters alone.

In addition to oocurring in the tissues as anisotropic globules
and cylindrical myelin forms, the combinations of cholesterol and ;
the fatty acids are also found as needle like orystals ~ Stewart (1915)

Pure cholesterol also occurs in two forms, as the welllmown
rhomboid orystala and, occasionally, as bunches of fine needles or
prisms. The needles of cholesterol esters differ from those of
pure cholesterol in that when heated to a temperature (30~70°¢)
they melt to form spheriocal globules, which, on cooling, show the
phenomenon of anisotropism for a longer or shorter period.

Adsmi (1910§’iiinks it is possible that during 1ife they are actually
present in the tissues in this fluid orystalline state.

In tumours, Powell White has shown that the orystals present
in and among the healthy living oells consist of cholesterol in
oombination with fatty acid, and that in formalin fixed material
they may be found either as needles or as anisotropic globules.
The plates and needles of pure cholesterol, on the other hand, are
all extra oellular, and occur only in the necrotic parts.

Intracellular orystalline cholesterol, especielly when present
in eny emount, 1s always assoociated, in paraffin seotions, with a
foamy appearance of the eytoplasm. This is well seen, under
physioclogicel conditions, in the oells of the adrenal cortex,
especially the zona fasoloulata andjin the recent or fairly recent,

corpus luteum. Under patholbgiéal conditions intracellular lipoid
deposits ooour chiefly in relation to subacute and chronio
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inflemmatory lesions, especially where there is retained pus or
seofﬁ%ions rich in lipoid, e.g. subacute choleoystitis, pyosalpinx,
pyonephrosis, mastitis, etc. ; iﬂso in %dumours, especially
hypernephroma of the kidney,cholecsteotoma, and in the various .
forms of Xanthoma. | |
It is difficult to say whether the foamy appearance is due
entirely to the cholesterol present, since, in these cases, it is
always associated with neutral fats and other 1lipoid substances.
The affected cells show up prominently in paraffin sections, because
of theif Paintly staining finely granular eytoplasm and becsuse of
their well defined limiting membrane. The nueclei are small and
darkly staining and are sometimes placed eooentfioally.
~ In frozen seotions stained with Nile blue sulphate the
appearance varies in different cases. Cholesterol is usually pré-
sent in the form of fine needle like orystals, unstsined and doubly
refracting, but occasionally as fluid orystals. The globules may
be unstained or coloured pink or blue from essoclation with other
lipoids. ) |
Stewart (1915) found that when foamy cells were present in
large numbers they showed up to the naked eye as opéque yellowish
- areas, similar in colour and appearance éo the outer parts of the
suprarenal cortex.
 The extracellulsr deposits consist of pure cholesterol and
the erystals present are usuaelly of the rhombic or plate variety.
In paraffin seotions, deposiis of plate cholesterol give rise to
a very characteristie appearanoce, namely; that of elongated oval

or oigar-shaped spaces, with sharply cut mergins and devoid of
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contents.' They show great varlation in size, from tiny olefts '

not exceedlng 10 i&ebe& in length. to huge elongated spaces ox-
tending aorosijghe whole low power £ield of the mioroscope.

Stewart (1915) considers that "their appearance 1s so constant and
characteristic that I think the term cholesterin clefts might sultably
be employed to describe them". The clefts lie scattered about in

all directions, but when subjected to pressure they tend to lie '

more or less parallel to the Pree surface.

Physiological Significance.

The physiologiocal significance of cholesterol has been the subjeot
of much conifoversy. 3

Austin Flint (1862) published a series of experimmnts by which he
attempted to show that cholesterol 1s always mokgfgn %ﬁe blood coming
from the brain than in the blood of the general arteiial system, of
in the venous blood from other parts; that ite quantity is hardly
appreciable in venous blood from the paralysed side in hemiplegia,
and that it is separated from the blood by the lives. He also stated
that in oase of serious structural disease of the liver accompanied
by symptoms pointing to blood poisoning, cholesterol accumulates in
the blood constituting a condition which he named cholgstefolaemia.
He oame to the conclusiom that cholesterol is a product of metabolism
of nervous tissues, that it is carried from the brain by mesns of
the bleood and excreted through the liver by means of the bile, and
finally, that "we know of no function which it hes to perform in the
economy any more them urea or any other of the excrementitious

principles of the urine".



(24)
Dorée and Gardner (1907-8) &tate that "Flint's method

of analysis are open to grave objection, and that he draws
sweeping oconolusions from differences so slight that, even had
his method been capable of considerable accuracy, one would have
hesitated to attribute mich eignificance to the figures”. |

\ Some eupport, however, was lent to Flint's Y;?ws by the
experiments of Plcot and Mueller. Picot (1872) reported a
fatal case of grave jaundice in whioch he found great inorease in
the cholesterol of the blood. m&iler (1873§ji;jected cholesterol
into the veins of dogs and producad a complete 5epfesent%E%on of
the phenomena(of grave jaundice". Welgand Ritter (1876) ahd
Rywasoh (1888) obtained opposite results and established the view
sinoe repeatedly confirmed that cholesterol is nontoxio.

hioppe Beyler believed that cholesterol was a oleavage product
formed in the metabolic changes in the living cells and because of
this was invariably found as a chemical constituent of both animal
and vegetable cells. He also believed that it did not easily
underge decomposition in the animal organism and that it was
exoreted in the bile, that none of 1t was reabsorbed but that 1%
wase pufely an exoretion product, passing out of the body with the
Paeces.

Flint ®showed correctly that dholesterol is found in the
bhunan faeces in the modified form of stercorine. This body was
rediscovered by Bondgynskl in 1896 and renamed by him coprostercl.
He regarded it as a dillydro-cholesterol formed by bacterial reduction
in the intestine. Mﬁllei.(lgoosughowed that on a milk diet, in
which the putrefactive processes in the intestine are reduced to a
minimum, the cholesterol of the body is exoreted nghanged.

Doree, Ellis, Fraser and Gardner (1908-1912) have put forward
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the following hypotheses with regard to the origin and destiny of
cholesterol in the body.

(1) Cholesterol is a constant constituent of all cells, and,
when these cells are broken down in the life process, the cholesterol
is not exoreted as a waste product, but is utilised in the formation
of new oells.

(2) A function of the liver is to break up red blood corpuscles
and excrete their cholesterol in the bile.

(3) After the bile has been poured into the intestine in the
process of digestion, the cholesterol is reabsorbed, probebly in
the form of esters,along with the bile salts and carried by the
blood to the various oentrés and tissues for re~incorporation into
the constitution of new oells."”

There is some wastage of cholesterol in the body, as not
inconsiderable quantities are exoreted through the skin. This
wastage is probably made good from the cholesterol of the foda.

The food of cernivora is rich in cholesterol and it might be readily
utilised. The food of herbivora, on the other hand, contains no
cholesterol, but the closely related phytosterols, and one has to
assume that the animal converts these into cholesterol.

The later work of DOfg;, Ellis, Fraser and Gardner supporis
these hypotheses and seems to warrant the following conclusions.

(1) An inorease in the cholesterol content of the blood and
liver, directly proportional to an increased intake of cholesterol
in the diet, occurs in animal feeding experiments, the kidney
content§ not being affected.

(2) Where food is withheld (inanition) there ocours an inorease
in the cholesterol content of the blood, lives and kidneys.
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(3) In the human subject a cholesterol balanoe ean be |
established, that 1s'the ingested cholesterol can all be accounted
for in the faeces, but the incidence of an acute infection with loss
of weight disturbs this, ylelding a positive balance in the facces.

Gardner and Lender's (1913—14j:éesu1ts suggest that the organism
ies able to pick out and conserve cholesterol from a diet of an
exceedingly low cholesterol content. These workers consider it
highly improbable that cholesterol can be synthesised in the animal
body, for the following reasons.

(a) Herbivora, whose food normally contains no cholesterol,
do not exorete cholesterol in their faeces. What they do excrete
when they are fed on grass is a oholesterol-like body ~ hippocopro~
sterol, Qg7 Hs4 orge O. This hippocoprosterol was showm by Dorfee
and Gardner (1907—08§;£; be derived from the grass ingested, an&
the amount of 1%t contained in the Pasces varied directly with the
anount of grase consumed. These observations further show that
cholesterocl oannot be regarded as a waste product, for although
the bile of these animals contains an appreciable quantity of
cholesterol, none of it is exoreted.(&u

(b) Dorde and Gardner (1908-09) showed that cholesterol is
exoreted by rabbits when they are fed on it, and when administered
with the food, about 50 per cent of it is abaorbed.

(¢) FEllis and Gardner (1908-09()215;howed that in "the differentl a~
£ion of the ovum into the complex aggregate of cells constituting .
the chick no formation of cholesterol takes place.”

| Ffrom the abewve it would appear that cholesterol iiﬁnot

a)

lynthesi?fd in the body nor is it destroyed. Yet Dezani and
23) -

Lifschutz are of the opinion that it is readily synthesised.
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Lifachutz (1908) believes that it is formed from olelo acid.
He has actuall& succeeded in obtaining from oleic acid, carefully
freed from all traces of cholesterol, by a process of oxidation with
Potassium Permanganate in the presence of glaocial acetioc acld, a
substance which gave the characteristie colour reactions of chole-
sterol. He concludes that oleic aoid, in the process of oxidationm,
becomes partly oconverted into choleeterol, or if not into cholesterol
at least into a very closely allied derivative of it. I shall have
- oocasion to refer to this later.

Another point(iz)favouﬁ of Lifsch%ﬁg}s hypothesis 1s the claim
of Iscovesco (1912) and Terroine (1914) that the blood cholesterol
is incééuse%ﬁ%?ring the absorption of fat free from cholesterol.
Bloor (1916), however, has failed to confirm this.

Lifschute (1914)(i22)lso thinks that cholesterol is broken down
in the body end that 1t may be the soutce of the bile acids.

An oxidation product - oxycholesterol, Coy Hys Op is known to ocour
in the blood and tissues of the body and it has also been prepared
in vitro by the oxidation of cholesterol. While it is present in
the blood in considerable quantities, only small amounts are found
in the otﬂqi organs and tissues, and in the liver it van scarcely
be detecteds Lifsoliitz showed that oxbile and the bile acids by a
process of oxldation become converted into substances which give
the colour reactiom (with its characteristio specﬁfum) of
oxycholesterol. This leads him to suggest that the bile acids are
probably derived from the ocleavage products of oxycholesterol.

Leaving the disputed question of the origin and destiny of
oholestefol in the body we shall now turn to a consideration of its
function. This, too, is but 1little undersiood.
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(1) It 18 oclosely related to immunity and is said to stimulate
the production of antibodies. (heuffard has demonstrated that
serious infeotions are always aocompanied by a marked hypp-
hypooholesterolaemia, while uandaua;;xd others have found that tho
eupmrenal cortex showed a markedly low content of lipoid material
in patients who died of infeotive conditions.

Observations made on the condition of the adrenals at

post mortom examinations in the Leeds Pathologioal Department
during the last few years strongly support this finding.

o Immunisation processes, on the other hand, have been shom
%o ‘be'ncoompanied by an exceptionally high cholesterol content
of the blood.

Bar 5 q}as been applying in practics the points learned in
recent research on lipoids in general and on cholesterol in
particular.

" Acoording to this olinical worker the latter seems to siimulate
the production of antibodies. By injeoting cholesterol direotly
along with osmphor,which he believes stimulates the production
of cholestercl, the cholesterol oontent of the blood rapidly
inoreases and the body repels or throws off infeotion and recuper-~
ates much earlier and more effectually than is otherwise the
case. This has been Bai"baz’-y's constant experience with the sick
and severely wounded. In his hospital ai Nise there have only
been 4 deaths smong the 767 wounded and 9 among the 797 siock
during the last 21 months and the deaths among the wounded wers
explained by other reasons.

(2) Cholesterol has the power to act as an antihaemolytio agent
against substances like saponin tetanolysin and cobra vemom.



Only free cholestorol has this antihaemolytic power, as was

shown byWindaus (1909 )L.m It probably acts as such by forming -
an ester like oompound through the free hydroxyl group. ‘
Lecithin aots antagonistiocally in this respect, for it activates
the lysin.

(3) Cholesterol is said to promote cell multipliocation.
Robertson and Burnett (1913 fﬁave found that injections of
cholesterol cause an inorease in the rapidity of growth of
tumour 4ransplahtations in rats.

An increase in the cholesterol content of the blood in
prognancy and a fall to normal during the puerper:lum have

(31)
been observed by Hermann and iieumann (1911) Chauffard, Laroche

and Grigaut (1911 )(3:nd others.

Luden (1918-19) 'believes that a high cholesterol content
‘of the blood is an important factor in the etlology of malignant
disease. lMoreover, she has actually found that high blood
cholestorol valt'zeksvwere the rule in such cases.
(4) It plays a part in the metabolism of the fatty acids.
Dur:lng the absorption of cholesterol from the intestine large
quantities of ?::S.)era are formed. Iscovesco (1912)0?;/.nd
Terroine (1914) olaim that the blood cholesterol is inersased
during the absorption of fat free from cholesterol. Bloor (1916)(026)
as already stated, has falled to confirm this. |
| Further evidence of the partiecipation of cholesterol in fat
metabolism is afforded by the faot that cholesterol bears a &
strikingly oonstant relation to the other blood 1lipoids.

This is well shewn by the recent investigations of Bleor (1916»)(3



on the partition of the lipoids in normal and pathologieal blooda
inolnding severe diabetic lipaemia. - '

Lastly wé may mention the different organs that have been
held reaponsible by various workers for the regulation of
cholestercl metabolism and its elimination. (Quoted from Luden)ﬁ{)

(1) Adrenals (Rothsohild, Sternberg and Landau)
(2) Liver (Rothechild,Weltmann, Anitschkow and
" _ Chalatow) -
(2) spleen (Asohoff, Landeu, Rothschild,iicMeans)
(4) Ovary and Corpus

Luteun ( iioMeans)
(8) Hypophysis (Warthin)

Role of Cholesterol in Pathology.
This will be dealt with but very briefly here, as it will

be considered again along with the discussion of my own cases.

The recognition of the oocurrence of cholesterol under
pathological conditions dates back to the time of its preparation
from gall-stones.

Deposits of cholesterol esters oocur pathologiocally at the
sites of low-grade ohronic inflammations, for example, emyloid
kldneys, subacute and ohronis parenchymatous nephritis, in
chronically inflamed ¥Fallopian tubes, in pneumonic exudatese.
They are also found in malignant tumours, in the cells of
Xapthomas, in the retina ,forming the white spots in Diabetes
and Bright's Disease, in the n.i-c;ua senilis of the cormea, etc.
V Deposits of free cholesterocl occur under conditions of slow
001l destruction in areas where absorption is poor.

The solitary gall-stene 1s composed almost entirely of pure
cholesterol.
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Changee in the oh’olesﬁorol content of bleod in disé#ao
have been infeatigatod by an nmﬁber of ebservers, such as
Otggaut, Iscevegse, Westen and Kent, Bacmeister and Henes,

MoNoo. Bloor, and others. '

The nermal oontent ef tho bleed serum is given as 0.15-0.18
gns. per 100 oc.c. Free ohelesterel is present in the oorpuaoleﬁ
and plasma; chelesterol esters in the plasma alone. Acoording te |
Bleor the average peroén‘bago of cembined chelesterel is
3345 of the tetal chelesterol in normal whele bleod and 57.5
in nermal plasma.

Changes in diseased oonditions are both quantitative and
qualitative. The chelesterel ocentent of the blood is increased in
Arteriescleresis, ohrenic Bright's disease, Diabetés Mellitus,
Xantheme or Xanthelasme and always in pregmamcy. It is deozieaéed
in almest all febrile diseases, severe anaemia, tuberoulesis and ”
cachetic conditioens. A

As to the qualitative changes some workers have found that in
jaundice there 1s a great inorease in the Pfree chelesterol of the
bloo(% 7?5 oompared with combined. In nephritis and carcinema, teo,
Bleor has obtained low wmlues for esters in the plesma, while in
pregnanoy the values for cholesterel esters have been found te be
high.

(36)

In Chronio Bright's disease Bacmeister and Henes obtained
values varying from 0.236 to 0.426 gms. per oent} In Folampsia
from 0.274 to 0.321 gms. per cent. In Chronic Uraemia the content
was equally high. The values were independent of the amount of
albumen in the urine. The moere severe the condition, the more

marked was the hypercholesterelacmia.
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The intersst in the inoreased cholesterol oontent of the
blood in Nephritis and Eolempsia 1s enhanced when oeitain other
manifestations of these conditions are considered. '

: Laaaer and Adamﬁk( 5lla;ve shown that the white spots which
. appeay in the retina in early ocases of nephritis consist of a
deposit of cholesterol esters. These khite retinal spots also
appear in Folampsia and are said to disappear when the cholesterol
eontent .ef the blood returns to normal.

Marie and.Lai'ooh(Sgtiave shomn that the arcus sei#nilis
_ of the cornea, which is s0 often assoclated with vascular
changes in old people, is a cholesterol ester infiltration of
the ocornea.

In Diabetes an increased cholesterol content of the bloed
was noted by Hsohei('jga early as 1903 -~ the value obtained by
him in a case of severe diabetic lipaemia was 0.478 gms. per cent.
While the increase is inconstant in moderate cases, itk is very
_ marked in severe oases. The retinal white spois which are sometimes
seon 1n cases of Diabetes have been shown by von Nqofcion to
 disappear entirely as the condition improves with diet.

In all forms of chronic Jaundioce the cholesterol content
of the blood is inoreased. McNee (1913-14)%/()3)'!;&1;9- that in
ehronioc hepatic disease, umassociated with jaundicep such as
Cholelithiasis, no inorease is found. This is contrary to the
findings of nenegf Bacmeister and H’one:?f ’ and others who 'bel:levo
- that hypercholesterclacmia 48 an important aetiological gaetor
in CHolelithiasis, Ascheff and Bacmeistei have shomn that
gall stones may be classified aceording to their oompesition

as fellows?
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(1) Pure Cholesterol stones..
.{2) stratified cholesterol calcium stones.

(3) Cholesterol-pigment-caloium stones,whioh are of most
frequent ocourrence.

(4) Gomposite stones made up of cholesterol and a mantle
of oholesterol and caloimm. .

- (5) Bilirubin caloium stones; these are seldom found in the
gallbladder but are usuall{ffomﬂ in the biliu',r
passages of the liver itse

(6) Caloium oarbonate stones which are seldom met with.

Cholesterol is thms seen to play a very important rdle in the

formation of gallstones.

. In Xanthoma or Xanthelasma the presence of a hypercholesterol-
aemla is suggested by the faot that this condition sometimes
oocurs in the course of chronic nephritis, diabetes mellitus and
Jaundice. The cholestorol content of the blood in 2 oases examined
by Apert, Pechery and Rouillaréq;as found to be 0,315 and 0.530
gm. per oente. The lemon yellow tumours in the skin, which are
charaoteristic of the disease, have been found to be composed of
interstitial and endothelial cells £1lled with doubly refracting
fat globules.

In pregnancy we have a physiclegioal hypercholesterolaemia.

The inorease was first observed by Hermann and Neumann (1911){3”
and was later oonfirmed by other workers.

" In infeotive conditions such as Typhus, Pneumonia, Efyaipelas

and various forms of sepsis, low valuss have been obtained.
The cholesterol content of the blood is said to vary immersely
with the temperature. Baomelster and Henes (1913)021‘-9 of the
opinion that the hypocholesterclaemia in febrile oonditions 1is

- oaused by the high temperature and its results. They found no
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maiked deofease in the cholesterol content of the blood in two.
cases of severe facial erysipelas in which the temperature did |
not exoeed 98° ¥. These workers also found that the cholesterol
content of the blood soon returns to normal if the fever has
lasted only a short time. If, on the other hand, the fever has
lasted for a long time, the cholesterol content of the blood
‘Tises above the normal value and continues high for some time.

In chromic tubefoulosis the valuos obbained seemed to be
determined by the general condition of the patient. The same

1 . (3
applies to oases of malignant disease. Bhcmelster and Henes (1913)

found a hyperchelesterolaemia in the early stages of malignant
disease, while in the late stages ’whe'f'e ocachexia was a marked
feature , low values were obtained.

 In severs anmemia, and partioularly in perniciocus anaemia ‘the
cholesterol content of the blood is much reduced. |

Bl;)of (1917)wg>und that the blood lipoids in anaemis were
normal, or nearly so, as long as the per centage of corpusoles
Femained over 50 per oent of the normal value. When it fell
below this level, low values for cholesterol and lecithin and
high values for fat were obtained. He also found that the ratio
lacithin to cholesterol was generally high in perniocious
anaermia due to relatively low values for cholesterol, while in
secondary anaemia the ratio was usually normal. -

In view of the faot that oholesterol is an antihaemolytio
agent and that low cholesterol values afs a chafaoteristio feature
of the blood of severe anaemia, there has been a tendency on
the part of some workes to comneot the low cholesteiol values with
the pathogenesis of anaemia. This will be fully desoribed when

6)



the author's work on smaemic conditions is reviewed.

Sinoe cholesterol is readily absoibed from the intestine its
therapeutic use in anaemia has been advooated by Geiman and
Italian workers. _ ' ' o

Reicher (1908 )%f)ov.md improvements in a mumber of oases of
anaemia after feeding cholesterol. Klemperer (1908%%11 the
other hand failed to obtain satisfactory results.

Paoini (1918) world.ng in America obtained good results by
administering oholesterol in the form of lamoline, as an
innmunotion to anaemic patients. |

On the whole, the treatment does not appear to have given‘
satisfaotory results in the hands of other workers.

Experimental Work with Cholesterol under Pathologlcal Oonditiems.
43)

Iznatowsld (1909) in experiments on $abbits, by substituting
animal for the normal vegetable food, was able to produce
vascular lesions and changes in the liver and kidneys.
Ste,qakadowsld. (1909 )qutained similar results by using egg yolk.
Stuckey (1910) in a series of experiments used meat juice, egg
white, egg yolk and milk and found that egg yolk induced a
remarkable prekifesstion intimal change of cellular proliferation-
with lipoid infiltration in the aorta, but that the other food
stuffas osused very little change. As egg yolk differs from the
above mentioned food stuffs in being rich in fat, Peeding
rabbits on animal and vegetable fats was tried but this failed
to0 reproduce the lesions. |

The clue to the comstituent in egg yolk which was responsible

) (51
for the changes was given by Anitschkow and Chalatow (1913). )



These workers investigated the appesarance of the liver of

rabbits fed on egg yolk and brain. They found that the Kupfer
6ells of the 1liver were laden with fat droplets which were

doubly refracting, that is cholesterol esters. Cholesterol th¥ie,
‘appeared to be the constituent in egg yolk which was responsible
for the lesions. This was confirmed by Peeding rabbits on
cholesterol when results were obtained similar to those desoribed
above, but greatly intemsified. ,

‘The lesions produced in the vascular system are almost entirely
limited to the intima. Mioroscopioally the elastic fibres are
seon to be separated into a net-work of fine £ibrils in the meshes
of which &re large phagooytioc ocells with round neoclei, and much
va&ﬁ.uated proteplasm ;foamy oells} in Pact. When examined
under the polarising microscope these cells are seen to be
£111ed with doubly refraoting fat droplets, that is chelesterol
estera. Slight changes are also observed in the innermost lsyers
of the media, the muscular fibres becoming separated from each
other and somewhat irfegularly efranged.

These changes more closely resemble those found in human
atherona than any other arterial lesion so fsr produced experi-
mentally, and are quite different from the medial changes which
have been brought about by injections of adrenalin or staphy-
locoeci.

How fap the experimental lesions produced in the acrta of
rabbits can be applied in solving the problem of arterial disease
in man it is diffiocult to say. BSo far the changes have only been

- produced in rabbits, all experiments on carnivora having failed,
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Man is accustomed to & mixed diet and it is perhaps possible
thet a too richly animal diet} may be a contributing facto®
in the development of atheroma.

The relation of cholesterol to the growth of neoplasms has
been studied in experimental oarcinomas in pats. Robertsc;n and
Burnett (1913 )U;:nve shom that cholesterol, when injected
dii-eotly into tumours, causes a marked sacoeleration both of the
primary and of the metmstatlioc growth. The acﬂ}eration is
nost evident in the pre-metaatatic stage. Leoithin has the
opposite effect. It diminishes the tendency to form metastases ,
retards the metastatic growth when it does ocour snd in some
instences also retards the primsry .growth. the retardation
 belng most evident é?; the metastatic stage.

Luden (1918-19) found high blood cholestercl values in
malignant disease and she is of the opinion that the ¢
hypercholesterolaemia 1s not due to cell destruction; as evidence
thereof she eites the fact that the biood cholesterol is
reduced by radium t:‘ieatmeﬁt, although radium causes oell destructign,
and considers that the inereased content may be the result of
disturbed cholesterol metabolism. This, she believes, may be
an evidence of a subnormal rate of basal metabolism, sinwe the
high'oholoaterol values of myxoedema are reduced by the administrstion
of thyroid extract,and this, we?qiow, greatly inoreases the rate
of basel metabolism.

 'Luden believes that the vdistui'bmce of cholesterol metabolism
is revealed by the absence of changed cholesterol or cholesterol
8plit products in the blocd of a high percentage of cancer
patients, since she failed to get a difference between the
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cholesterol valumes obtained by the Bloor I and Bloor II
methods. Such & difference was constently found by her in
normal bloods and in pathologic, but non-malignant bloods.

" Radium 4reatment and thyroid extract have been found by
Luden to reduce the cholesterol content of the Vblood and increase
the amount of changed cholestercl in the blood. She
attributes the beneficial effects of radium therapy to this
change in the chemical domposition of the blocd. She
further suggests that as thyroid extract affects the blood
cholesterol values in a manner similar to that of radium,

the administration of thyroid extraot may be expected to
| improve the condition of patients suffering from carcinoma.
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Method employed in the estimation of Cholesterol.

At present there are in use several methods, of which the
foilowing is a brief resumg.

Until 1909 the only method available for the estimation of
cholesterol in the tissues and flulds of the body was by treatmeﬁﬁl
wlth a selective solvent, such as acetone or ether, and oolleotihg
and weighing the crystallised cholesterol after evapoéation of the
solvent. This method was employed by Fischer (1903), and by Doree,
Ellis, Fraser and Gardner (1907-1909). an

In 1909 Winda&étgntroduced his excellent gravimetric digitonin
method.

Sinoe 1910 a number of colorimetric methods have been introduced.
Thus, Grigauésyn 1910 described a colorimetric method of estimatlng
the oholesterol content of the blood, in which he made use of the
Liebermann~Burchard colour reaction. Two years later Westogﬁgésdribed-
a procedure in which the Salkowsld colour reaction was employed; ﬁhd
in 1913 Autenrieth and Funﬁfgesoribed a slight modification of the
Grigaut technique, and adapted it to use with the Autenrieth ~
EKbnigeberger colorimeter. This modification has been extensively

56 (s &9)
employed. In addition to these, Bloor, (sonka, Gettler, Baker and others
have employed colorimetric methods.

" In the oase of the gravimeiric digitonin method for the estimation
of total cholesterol, a preliminary saponification of the cholesterol
esters is necessary, since only the free cholesterol is precipitated
by digitonin. This is not necessary with the colorimetrioc method,
since the cholesterol esters give the same colour reaction as
oholesterol itself. This Pact does not appear to have been recognised
until quite reoently, when it was pointed out by Bloor in 191&£ énd
the colorimetric estimation of cholesterol thus becomes further
simplified. The gravimétric method, though highly accurate, is too
laborious, especially when several determinations are to be made at

the same 4time.
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With regard to the ooloz‘imetﬁ.o metheds, one would infer from. - .:: .

their multiplicity that they are not entirely satisfactory.
 Blooi “who has done a great deal of work on the blood 1ipoids,

has suggested a method of extraction, which, though simple, and
apparently complete, gives results by the modification finally
carried out (second method), which are higher than those obtained
by other methods, and are also rather irregular. Bloor himself
admits that the results by his method afe 7 to 30% higher than
those obtained by Autenrieth and Funk and others, but he attributes
them to a more complete extraction. o “

His method has been adversely ecritioised by Weston and Mileller.
Weston failed to obhéin vél:ld results by Biooé's method, whereas
the extraction methods of Autenrieth and Funk, Weston and Kent,
Csonka, Gettler 3 Baker and Weston gave consistent results, added
cholesterol being recovered quantitetively in each case.

Mt’ielle:g'w;howed that Bloor's method gave high results but that
the increase was not due to cholesterol itself. A possible cause
for a part, at least, of this excesa value may be found in the
slight brownish colour invariably present in the chloroform
solution of extraots prepared by the Bloor method. This brown
oolour is present no matter how ocarefully one avoids heating the
residue after it is dry, and even when it is evaporated before a
fan at room temper"ature; though Bloor‘ elaims that 1t is due to
overheating. o

Luden (1917) obtained similay high findings with Bloor's second
method. She asoribed them to a combination of bile acida and bile
pignents present in the blood, as she was able to show that the
Liebermann ~ Burchard reaction.oould be obtained with a mixture of

cholesterol ~ free gallstone derivatives.
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©3) :
Myers and Wardell (1918) have described a comparatively simple

method of direct cholesterol extraction, which appears to yleld reliable
results. With this method they were able to recover added cholesterol
quantitatively, while consistent dupliocates were obtained as also .
-satlsfactory checksi with the totally different and reliable |
Windaus ' method.

This method appealed to the writer because of its simplicity; _
because  the results obtained by it agreed with those obtained by
other methods; and because of the small quantity (1 c.c.) of blood
required. This has been an imporitent consideration, as not infrequently
& blood urea or blood sugar estimation had to be made on the same .
sample of blood. i

A few slight modifications of Myers and Wardell's technique have .
been introduced in the course of the work, and the following is the.
detailed ascount of the method as found most reliable and satisfactory
by me.

1 ;.c. of blood, plasma or serum is pipetted into a poécelaih
oruoible conteining from 4 to 6 grams of plaster of Paris, and
stirred and dried in a drying oven for three quarters of an hour at-a
temperature between 70 and 80°C. Itis then emptied into a small
extraction eapsule (4 om. long) and inserted into a short glass tube
(2.5 x 6 om.) in the bottom and sides of which are a mmber of small

holes.
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This is attached to a large cork on a small reflux ‘oond_ensef"
and the tube and cork inserted into the neck of a 150 o.c
extraction flesk, oontaining about 25 o.c. of chloroform.
Extraction is continued for one hour on an slectric hot plate,
the .chloroform made up to 20 c.c., filtered if neceseaﬁy’ and
- colorimetric estimation carried out as follows:~

6 0.0. of the ochloroform extract are pipetted into a dry
test tube; then 2 o0.c. of Acetic Adkydride and 0.1 c.c. of
oonoentrated sulphuric acid are added. After thorough mixing,
the solution is placed in the dark for 15 minutes (at a temperature
of 22® C) to allow the colour to develop, and is then compared
with a standard cholesterol solution in chloroform, (0.4 mgms
of oholesterol in 6 c.o. of chloroform), which had been similarly
treated, in a Kober colorimeter, setting the standard at 12 mem.

The procedure for the estimation of cholesterol in the red
blood corpuscles 1s exactly similar, the corpuseles having first °
been freed from plasme by three successive washings with normal
saline and subsequent centrifugalisation.

As to the modifications introduced into the eriginal
technique, it will be noted that i1t was found necessary to
allow the extraction to continue 'for one hour, as it was quite
incomplete at the end of 30 minutes as advised by Myers and
Wardell. In the dyjing proocess, tco, great oare had to be
exercised to prevent overheating, the most suitable temperature
being found to be 70 = 80°C. When that was exoeeded the Plaster
of Parls assumed a brownish colcur, and the sample, after
extraction, gave a very weak ocolour reaction as compared with that
obtained with the same sample of blood, in which overheating was
avoided. This observation suggests that some of the oholesterol



" must have been destroyed, or altered in such a manner that 1t no
longer gives the Liebermann-Burchard reaction.

Instead of using aqueous Naphthol Green B as standard, as
recormended by Myers and Wardell, it was found that the colours
could be more easily matched when a solution of purs cholesterol in
chloroform (0.4 mgm. of cholesterol in 5 c.c. of chloroform) was
used as a standard.

The most suitable temperature for the development of the colour

reaction was found to be 22°C. as pointed out by Bloor (1917) flf
He showed that the blood cholesterol behaves differently from the

standard cholssterol; it reacts mors readily with the reagents,
| comes to its maximumm sooner, and begins to fade sooner than the
standard cholesterol. Values obtained at 22°C. are more nearly correct.
than those obtained at higher or lower temperatures. At lower
temperatures the standard colour has not fully developed, while at
higher temperatures the blood cholesterol has passed its maximm
and has begun to fadee.

The author's experience coincides with that of iyers and Wardell
as to the absolute necessity of using perfectly anhydrous reagents
in order to avold weak oolour reactions.

Using this method it was found that the samples of blood did
not deteriorate with keeping, provided they were placed in the ice~
chest, and they were therofore worked up at any convenient time. .

In order to determine whether ingestion of food had any immediate
effeot on the cholesterol content of the blood, a patient was selected
who was able to eat a hearty breakfast consisting of 2 eggs, 'baoon,
bread and butter, and tea with oream. Blood was %aken before breakfast,
that is after a fast of 15 hours, and again 3 hours sfter breakfast.



Cholesterol per 100 ce.c. of blood.
1. Fasting 0.261 grams.
2. 3 hours after breakfast 0.255 grems.
'The claim of Dén*is (1917;éi;at the ingestion of food, rich
in 1ipoid material, has no immediate effect on the cholesterol
oontent of the blood, has thus been substantiated and the blood

samples were, accordingly, taken at any convenient hour.

R

b2 R
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Findings of the Present Investigation with a Discussion thereon.

As already stated in the introduction determinations of
cholesterol were made on the blood of 1@@ persons including
12 normal individuals. '

The results obtained in the normal cases are tabulated below.

Yormal Cases

Case . Age Sex Cholesterol per cent.
1. A.S. 28 Q 0.191
2. JuCe 22 0 00155
3. TV, 58 & 0.164
4. CM. 40 9 0.160
5¢ BiAWe 53 ¢ 0.180
6. R.Ce 18 g . 9.156
7o Hele 20 d 0.148
8+ MM, 46 d  0.153
9e A.T. 43 3 0.191
10. W.B. 47 Q- 0.164
11: R.O. 1 4 0.133
12. A.T. 11 d - . 0150

The normal cholestercl content of the blood is seen, from the
sbove, to vary between 0.191 per cent and 0.133 per cent, with
an average of 0.161 per cent, values which are in agreement with
those given by Chauffard, Laroche and Grigaut (1911szhose Pigures
are 0.150 4o 0.180 pei cent and also with those given by other

Wﬁters .
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'Pﬁegganquand the Puerperium.

Bloods were examined in 4 ocases of pregnency and one oase of

puerperium. The results are tabulated below.

Case Age  Age of Cholesterol Remarks.
pregnanocy in per cent
1. Mrs. 0. 28 2 months  0.288 Wassefmenn positives
2Mps. Ho 26 5 " 0.183 Vory amsemic -
3Mrs. A. 29 T " 0.196 Anseniec
4.Mprs. C. 33 7 " 0.231
5.Mi‘s oG’o' 21 4 months 0.170
after de~
livery

There 1s then, an increase in the cholesterol content of the
blood in pregnancy, snd after delivery the value returns to normal.
This is in accordance with the findings of other workers.

Neumann and Hermamn (1911—12§3xere the first to draw attention to
the hypercholesterolaemia of pregnancy. This was confirmed by
Chauffard, Laroche and Grigaut (1911§3éhd others.

Hermann and Neumann also showed that there was a retentiom of lipoids
during pregnancy and an elimination during the puerperium, the
chief means of excretion being the milk, and that the hypercholesterol-
Wpeemia passed off more quickly in women who suckled their infants.
Cf. Case b above.

(66)

McNee (1913) examined the bile of 4 pregnent women who died and
found that there was a marked increase in the cholesterol content of
the bile in preg?ggoya |

Landau (1913) showed that the suprarenals shared in the retention

of lipoids which occurred in pregnaney.
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During pregnancy, then, not only is there an inorease in the
cholesterol content of the blood plesma, but the organs which are
concerned with its storage, utilisation or exoretion alsoc show an
inoreased content. This would seem to support the view expressed ty
Aschoff and Bacmeister (1909§A§ﬁat a cholesterol diathesis is
responsible for certein cases of gallstone formation, for gallstones
are of more frequent occurrence among wom:h, especially those who

have borne children.
' Typhoid Fever.

All workers are agreed that fever reduces the cholesterol content
of tﬁe blood. With the disappearance of the fever the cholesterol
content of the blood rapidly increases. Typhold fever %foaid to be
an exception. Thus Chauffard, Richet and Grigaut (1911) obteined
high cholesterol values in the late stages of typhoid fever.

McNee (1913-14§Agéd Small (1915§ff;feviews of the literature on '

“the subject,bdth mentioy typhoid fever as an exception to the

hypocholesterolsemia which ocours in all other febrile conditionms.
The author examined the blood in 4 cases of typhoid fever,

The oase histories are given in the appendix

4
i . .

The,results;aﬁe.tgbulatedvbelow(fﬁpéﬂa ).
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Age Age Sex ay of B. Typhosus Fever Widal Cholesterol in
A _ . 1llness taolalidl _ : per cent.
Convales~ i
oeny 41st - 0.190
$ §9th - 0.160
« FH. 14 14th 0.120
Oonvales ‘ + +
oent 40th - 0.200
o X 19 21st . + + 0.120
+ Nurse Do 32 60th e 0,100
Q Blood 4aken + + ’

after death.

In these 4 ocases there was a hypocholesterclaemie in th; febrile
stages #8£ the illness, while at the ocommencement of convalesoence

a hypercholesterclsemia manifested itself, of. cmses 1 and 2.: '

As seen from ocase 1 the cholesterol content of the blood returned to
normal towards the end of convalescenoe.

These resulie are contrary to the findings of previous workers,

but they are quite in accord with what one would expect to fimd

in an exhausting 111‘0'? aocompanied by high fever, lasting for
several weeks. ' '
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The high values obtained by previous workers may be accounted
for by the fact that they probably exsmined the blood in the .early
a R

convalescent stage whe%~hypercholesterolaemia is present.

Conclusions.

I. In the Pebrile stage of 4 cases of typhold fever a hyppre
oholesterolaemis was found.

IT. 1In 2 cases a hypercholesterolaemia was observed in the.
early stage of convalescenoce.

IITI. In one case examined the cholesterol content of the blood was

"found to have returned to normal.towards the end of convalescence.

Cholelithiasis.

12 oases of cholelithiasis were examined and 2 cases which

~ were clinleally diagnosed as such, but subsequently proved to be

other conditions, viz. malignant disease of the stomach and

\

appendicitis.
A brief bistory of each case will be found in the appendiz.

The results sre given in Table IV.
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Table IV.
Case Age Sex Diagnosis Begggeggzggiiig.PergzgtOperation gg::aﬁng
{in. 61 &  cholelithissis  0.193 0.127 7 days
29.5.F. 4 B . 0,230 0.215 42 months
Purs.E. 38 @ " 0.147 '
Yihrs .. 43 ¢ " 0.168
| Mrs.Co 37 Q ’ 0.198
urs.m..x.cose Q * 0.289 0.100 9 days
0.106 17"
pkrs.B.T. 54 Q " 0.263
iMiss P, 20 Q " 0.228 0,140 *
9B.I. 48 Q . 0.186 0.131 ’
V'.Mrs.D. 59 9 . 0.250
JHrs ¥, 47 ? * 0.163
rutrs.u.z. 63 Q . 0.156
“m(rs. F. &5 9 gm neo-
Jejumm and
W&s 0.170 -

HH5G. 43 J Appendicitis 0.086

emmiTmem T et
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Summary and Discussion of Results.

In the 12 cases of cholelithissis examined 7 showed & hyper-
cholegterolaemia while 5§ gave normal values.

After operation the cholesterol contentNof the blood fell below
normal, as seen in cases 1.6.8 and 9. 1In ocase 6 the blood
cholesterol content 17 days after operation was still as Jow as
0.106 per oent. In case 2, 4% months after operation, the
cholesterol content of the blood was above normal (0.2157),
yet it was below the value (0.230%) obtained prior to the operation.

The hﬁ@gﬁohclesterolaemia following operation may be
attributed chiefly to the drainage of the biliafy passages. .
The effects of the ansesthesis, the slight elevation of temperatu:e
almost invariably present after an operation, and, indeed, the '
distuibed metabolism consequent on operative shock must also be
regarded as contributing faotors.

It is to be noted that operatiom in conditions other then
cholelithiasis lowers the cholesterol content of the blood, as
will be seen later. ‘

These results are not in agreement with those of Henes (1914)fq,)
who found that the hypercholestercleemia of cholelithiasis per~
sisted for "a considerable time after removel of the stones”.
He examined the blood in 7 cases, 3, 4, 5, 7, 19, 21 and 22 days
. after operation. In the 5 cases examined by me ‘the cholesterol

content of the blood was found to be much reduced 7, 9, 17,

8 and 7 days after operation, while in one case (case 2), 4% months
after operation, the cholesterol content of the blood, though

above normal, was below the value found before operation.

Thié discrepancy between my own findings and those of Henes may
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depend on a difference in surgioal technique as to post-operative
drainage.of the biliary passages. As Henes does not make specifiec
comment on this point, I am unable to make any dogmatic statement.

Henéﬁﬁglaims that "conditions simulating cholelithissis
can be differentiated therefrom by cholesterol serum determinations.
This particularyy applies to differentisting duodenal ulcer from
cholelithiasis”.

This stetement is too sweeping. While the majority of cases
of cholelithissia show a hypefcholesterolaemia,this is not always
the cases Thus it will be seen that five of the writer's cases
gave a normal cholesterol content of the blood. This observation
is in accordance with the findings of Rothschild and Rosenthal {1918 )(f’ »
These authors cite 12 cases in which the blood showed a normal
cholesterol content, and yet, gallstones were found at operation.
Their explanation of this group of cases i1s that at some previous
period a hypercholesterolaemia was present, since the calcull found
in the gallbladder are doubtless a relic of a former blood conditimm
of high cholesterol content.

The presence of infection, empyema of the gallbladder,

Por example, will reduce the cholesterol content of the blood

even in cholelithiasis. Then, too, 1y duodensl ulcer, while low
cholesterol wvalues are the rule, concomitent pathological conditioms,
such as arteriosclerosis, chronic nephritis, may ocause a
hypefoholesterolaemia.

At the same timo’when a very low value is obtained for the
cholesterol content of the blood in a case of supposed cholelithiasis,
it should make one suspect some other condition, Case 14 is an
example in point. This patient was diagnosed as a case of chole~
lifhiasis. The cholesterol content of the blood just before

operation was 0.085 per cent. There was no fever at the time to
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account for the low value. At operation the gallbladder and
biliary passages were found to be perfectly normel, but there
was an inflammatory condition of the appeﬁdixe

The relation of cholesterol to gallstone formation has been
emphasized by many writers. Naunyn (1898§Z21aimed that cholesterol
was an exoretory product of the epithelinm of the gallbladder and
bile ducts.

Aschoff and Bacmeister (1909;3%%£re of the opinjon that when
cholesterol is found in the epithelium of the gallbladder it is
due to resorption from a saturated bile.

Chauffard and Bacmeister (1914§7kgve called attention to
the relationship of hypercholesterolsemia to gall-stone formatione.
In pregnancy there is a physlologloal hypercholesterolaemia and
it has been well established that gall-stone formation is more
frequent in women who have borme children. Bacmeister and Henes
(1913()3‘}3ave shown in their work on a pregnant dog with a biliary
fistula that there ig a real retention of lipolds 1n pregmency.
With the birth of the young there is an exoretion of the retained
lipoids chiefly through the marmary secretion.

Rothsachild (1914;?%23 shown that the cholesterol content of
the blood and bile depends upon the type of food consumed by the
organism. The complete cholesterol metabolism was outlined by
Rothschild as follows:-

"There is no synthesis of cholesterol in the body.

Our supply of lipoids is mainteined by our food intake. Free
cholesterol is esterised in the intestinal canal, absorbed by
the lymphatics, delivered to the blood stream and then distributed
.40 the body cells. With the breaking down of cells, as in general

catabolic processes, it is again freed to the blood stream, carried

Cihen
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to the liver, where the endothelial cells possibly produce a
de~esterization, exoreted with the bile as Pree cholesterol,and
again partislly re-esterized and reabsorbed from the intestinal
tract by means of the lymphatics”. L
~ Chalatow (1913{7%Ls produced small concretions in the gall=~ |
bladders of rabbits by feeding large quéntities of cholesterol,' |
these sigpos&onsisting practically of pure cholesterol. |
The importance of cholesterol as a Pfactor in cholelithiasis has
also been emphasized by De Langen (1916()7.4 ) His studies on the
cholesterol content of the blood in Holland and the Dutch East Ipdies
have shovn that there is a marked differmnce between the Furopeans
- and the natives of the Dutch East Indies in thls respect. In
the latter the cholesterol content of the blood is about half»the
Furopean filgure and that of the bile alsc is very low. N
In Japan the figures are midway between those in the Dutch East Indies
and in Holland. De Langen was led to this research by noting'the
extreme rarity of gall stone trouble in the East Indies. When gall-
stones are found, they are not the cholesterol stones of Europe,
but are composed principally of a mix&hae of oalcium and bilirubin.
Rothachild and Rosenthal (1916) distlnguish 2 groups of cases
in cholelithiasisg.
(1) Cases with a normal cholesterol content of the blood .,
(2) Oases that are hypercholesterolaemic.
(a) Obstructive hypercholesterolaemia ,
tempeorary (stone, stricture, new growth), =
(b) Diathetioc hypercholesterolaemla, o

with obstruction
without obstruction (Intermittent

Permanent.
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The obstructive hypsrcholesterolaemias ére temporafy)the
cholesterol content of the bhood returning to normal with the
removal of the obstréction. '

The diathetic group of cases are more or less continuously
,hypefehdlestefolaemié; APter operation these patients remain free -
of symptome for three months to one yeaf>when the symptoms returne
Even after removal of the obstruction the hypercholesterolaemia -
persists.

In ocases without obstruciion there are 2 groups, those with
intermittent and those with permenent hypercholesterolaemia.

As an example of the intermittent type Rothschild and Rosenthal
cite the following case. A patient with gradually progressing
hypercholesterolaemia develops and attack of cholelithiasis.
The preocipitation of the retained lipoids in the gall~bladder :
or bile ducts in the form of cholesterol stones, with or without
subsequent explusion, sutomatically diminishes the cholesterol
content of the blood. Because of the diathesis, however, the
hppercholesterolaemia again increases until once more relieved -
by lipoid precipitation. The permenent hypercholesterolaemias
are of similar nature, but in them the ohélesterol content of
the blood at no time returns to the normal value.

-If we acoept this clessification, cases 3,4.9,1i, and 12
belong to Group I. Their symptoms will probably never return unless:
the same physiologicaldy or pathological conditione which
originally caused the hypercholesterolaemia should return.

Cases 1,6,and 8, in all of whom the original hypercholesterol= 1
aemla was replaced by a marked hypgéoholesterolaemia after the
operation, may provisionally be placed in Group II (a). The

cholesterol content of the blood ought 4o be determined at a
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later date before finally placing them in this group.

Case 2 bolongs to the diathetic group, that is IX (b).

4% months after operation thils patient is hypercholesterolaemic. B
The remaining cases can-not be classified as no blood cholestefolhp

determinations were made after operation. |

‘ Rothschild and Rosenthal (1916{6;;commend that the blood of

every case of cholelithiasis should be examined before operation.

In the presence of hypercholesterolasmia provision should be made

for drainage of the bile, in order to deplete the body of the

reteined lipoids. After removal of the drainage tube the blood

should again be examined and if the cholestercl content of the

blood is high, the patient belongs to Group II (b). Further

" acourmilation of cholesterol can be controlled by dietetic measﬁfes,'.

since the cholesterol content of the blood depends on that of the

Pood.

Conolusionsg.
1. Vhile hypercholesterolaemia is the rule in cholelithiasis
normal values are by no means uncommon.
II. The finding of a marked hypocholesterolaemia should make
one question the diagnosis of cholelithiasis.
ITI. The statement made by Henes that conditions simulating
cholelithiasis can be differentiated therefrom by serum cholesterol
determinationsjmst be accepted with considerable reservation.
Iv. Systemétic(determinations of the cholesterol content of the
blood before and éfter operation appearad to be of undoubted
value in the prognosis and sﬁbsequent treatment of cases of

oholelithisasis, as already pointed out by'Rothschild and Rosenthal,
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Digbetes Hellitus.

) o
Bhmoad wms et

TABIE V,
: and "Renal Glycosuria"
CHOLESTEROL
ASE. AGE, SEX IN PER CENT,  SUGAR IN BLOCD, DIAGNOSIS,
Tilabetes :
, g.g. 35 O 04260 lellitus. |
. A . 1
), 7.8, 31 & 0,177 0.11 " "
f, £.6, 47§ 0.204 0.26 Diabetes M and
‘ Phthisis,
I B0, 26 & 04380 0,35
19 days later 0.238 0.17 Diabetes Mellitus
14 " 0,186 0.15 |
5, 4.6, 38 0,190 0.098  Renal
0.072  Glycosuria.
LA ."‘k.-ﬂf g I

E




Group V.

Cases associmted with Glyocesurie.

5 such cases were examined, Brief histeries and
olinloal findings are given in the appendix. The values
obtained are recorded in Table V. '

Discussion of Results.

Cases 1, 2, 3 and 4, are typicel ocases of Diabetes Mellitus
while Case 5 appears to be a case of "Renal Glyocesuria", sinoce
after protracted observatien both while in hespitel and
aftermards, there was marked glyoesurie without hyper-
glyocaemia. (For deteils see appendix),

- As seen from the accempanying Table the chelestereol
oontent of the bleod varies, though not in direct proportien,
with the sugar oontent of the bleod. Thus, in Case 2, both the
ohelesterol and sugar centent of the blood are within normal
limdts. In ocases Y 3 and 4, aleng with the hyperglyosemia
there is also a hyperchelesterolaemia. Moreever, in .
Case IV, with the decrease in the sugar oontent of the biood,
“there is seen to be a Pall in the chelestercl content eof
the bleod.

'In Disbetes Mellitus an inoreased chelesterol content of the
bloed was noted by Fiaohe?go long age as 1903, and was
- later confirmed by eother workers. It is interesting to
note that the white spote in the Fetina often met with in
pPiabetes and now kmown to be oempesed of Chelesterel esters,

may disappear entirely as the general condition of the



- 49 -

patient improves with the dlet.

A more marked ‘hypercholesterolaemia may be found in the

lipsemia of Diabedtes, than 1?7341;; other condition.

Joslin, Bloor, and Gray (1917) found that the chelesterel

ocontent of the bleod in Diabetes gives valuable information
regarding the general lipoid ocentent. They state, "The increase
in chelestercl is significant and suggestive, and seems, indeed,
pathognemenic of the prolonged biabetic hyperlipaemis, since
Bloer has found i1t lacking in the acute lipaemia ef overfeeding
whioch is characterised by an increase in the total fatty

acid alone. i _

De Langen (1916)(7231 his studies of the chelesterol content ef
the blood in Holland and the Dutch East Indies, found that
in the natives of the Fast Indies it was about half the
Iurepean figure. Glycesuris is of rare ecourence amoeng them.
Thus, ina group of 5,800 siok natives of the Islands there
were only 5 ocases of Diabetes Mellitus, while in a corresponding .
average group at the Groningen Hospital in Helland the "yha:i
‘befere, he had found 22 diabetiocs ameng 1,200 patients.

In Japan, &also, glycosurla is very rare, and 1% is so mild
that, as a recent Japanese writer has said, it does net deserve
the name of Diabetes.

De Langen was led to teke up this research by neting the
extreme rarity of Diabetes in the East Indies and Japan.

In view of the association ef hyperglyocsemia and
hyperchelesterelaemia in d:l.a.bétes it is 1:};bz)iiesting to note
that McOrudden and Sargent (1916 and 1918), found that in
progressive muscular dystrephy hyp:glyonem:la was associated
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with hypochelesterolaemia. This apparently physlelegical
relationship between glucese and oholesterol suggested that
there might be a parallelism between the two substances in the
bleod in ether conditiens. McCrudden and SQigeném;ailed

to find such a parallelism.

Conclusions.

(1) In two ocases a hyperoholesterolaemia was associated witk a
hyperglycasmia. In two other cases in which the sugar content of
the blood was normal, a normal value was obtained for the cholesterecl
ocontent of the blood.

(2) In one case in which several suceessive oholesterol and
blood sugar determinations were made, the improvement in the
patient's general condition under dietetic treatment was
accompanied by a £all in the sugar and the oholestercl content
of the blood. | '
(3) In oonditions assooiated with Glycosuria there appears
to be a parallelism between the cholesterol and sugar content
of the blood.
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TABLE V1, (a) Cases of Obstruction due to Prostotic Enlsrpenent.

CASE AGR SEX CLINICAL DIAGNOSIS,DATE WITH REGARD CHOLESTERCL UREA in

TO CPERATICN IN PER CENT mgms per 1CCce REMARKS,
1,B.7, 62 {?\ Enlarged Prostate 1 day before operation. 0.215 25.2  Suprapubic prostatectomy; well.
: ' Suprapubic prostatectomy m
2.7.H, 62 g’ " " 1 week before " C, 247 16.8. m Died. P.M, findings: QOedema of lungs

coronary stheroma, small gall stone in
cystic duet. Cl3d T7,B. glands.

3.J.H.P570 g " " 1 day " " 0,089 Suprapubic cyctotoumy; drainage. Lied.
: : 4 dags after "v €.074 25.2 P,i, Pindings: enlarged prostate, acute

v cystitis; acute ascending pyelonephritis,
4 : i ; , Perinephritic abscess.
4,C0,Tr, 65 & 8 "™ before " - 0,205 28 Suprapubic prostatectomy; well,

5.4, 62 & " " 7 " " " 0,300 16,8  Suprapubie prostatectomy;lwell.
6.R.S. 698 * " " 5 n om " G, 270 42 Suprapubic cystotomy. Died. P,M. findings;

Carcinoma of prostate with metastases to
aoktic lywph glands, Nultiple gall stones,
Patchy thickening of witral and tricuspid
valves. Coronary atheroma.

7.7, 78 & " " A 0,130 42 Refused operation,
8.,R.E, 68& Enlarged Prostafe; 32 " after o 0,227 16,8  Suprapubic cystotomy; improved.
© - Cystitis; urgemia. : : -
9.J.8. 55 éﬂ Enlarged Prostate 4 ™ before " 0,133 39.2 Suprapubic cystotomy; attends as out patient,
10,A,W, 74.-37 Enlarged Prostate; 1" " " 0.126 75 Suprapubic eystotomy,; calculus removed,
vesical calculus : : : Died. P.M, findings: benign enlargement

of prostate; small abscesses pf kidneys.
Coronary atheroma and general arterioscle

' , erosis.
11, 5, W, 68 & Enlarged Prostate 2 " after " . 0,092 42
14 * ¢ " ¢.108 42 Suprapubic prostatectomy; well,
28 ™ v " 0,104 25,2
12, E. M, 70 3‘ Enlarged Prostate; 1 " before " 0.103)0 106 79.95 Suprapubic cystotomy. Died. P.M, findings
ecystitis . . 0.110)°° Benigp enlargement of prostate; acute cys-
titis and urethritis; left pyelitis and
right pyelonephritis; purulent Broncho-

: Pneumonia and sbscess left lower lobe.
13,J,We mnd Enlarged Prostate; 4 ™ after " 0.173 40 Suprepubic prostatectomy; well.
14.3.Rh.60 & " " 2 " pefore " 0.136 22.4 Suprapubic prostatectomy; well,

15,W. H, 782? Enlarged Prostate ‘ % 0,166 3346 Considered inoperable.

Malignant bladder,
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TABLE V1 (s) Continued.

, Date with regard Per cente Urea in REMARKS.

Case. Age. Sex. Clinjical Diagnosis, t0 operstion. Cholesterolin, Mgms.100/cc,

16 D.F. 49 32 Enlarged Prostate o days before 0,354 0.8 Suprepubic cystotomy. Died P.M. findimgs:
operation. _ Benign enlargement of prostate;blader

and kidneys normal. Atheroma of asorta;
pulmonary emphysema.,

17 1.B. 51 32 " " | 0.196 16.8 No operation; discharged; well,

18 J.B. 68 éa " " Day of operation 0.109 75.6 Suprapubic cystotomy. Died.P.M.
: Findings: Benign.enlargement of pros-
tate;acute cystitis;intense acute asceniig
pyelonephritis; sortic and coronary

&n atheromsa.
19 J.8. 80 " " 1 day after ©.140)Dupli- 39,2
: ' 0.140)cate. : Suprepubic cystotomy; drainage;relieved
: 14 dgys ™ " 0.160 25,2 )
20 J.W., 658 'CZ\ " " 3 dsys before™ 0.150 25,2 Suprapubic prostatectomy; well,
21 R.P., 67 32 " " 5days " " 0,230 33,6 Suprapubic cystotomy; inoperable
.8 days after 0.118 30, earcinoms at base of bladder.
ag v " " 0.176
22 C.C.T 56 <§, " " 3 days before" 0,133 16,8 Suprapubic prostatectomy; well.
| | | 12 " after " 0.093 30.8
23, S.B. 66 <ga Malignant 0.070 30,8 Died. P.M. Findings:Carcinome of rectum
' Prostate, Carcinoma fistula to coil of ileum and bladder,

of Stomach , pyelitis, 014 T.B. lungs.



. Genito-urinery Conditioms.

(a) Prostetic enleigements - benign and malignant.

23 oases of prostatic enlargement were examined. The
resulte are glven in Table VI(a). The more importent eliniocal
deteils regarding the individual cases will be found im the
appendix.

Summary end Discussion of Results.

Of these 23 cases determinations of cholesterol were
made on the blood of 16 cases before operatiocn, of 3 oases
(3,21,22) both before and after operation, snd of 4 others
(8, 11, 13, 19) after operation only.

The results obteined in oases 3, 21 and 22 bear out the
obaervetion already made in conneotion with the cases of
chelelithiasis, namely, that operation has the effect of
lowering the cholesterol content of the blood, and that this
rises again as the patient recuperates.

In 9 of the cases (1, 2, 4, 5, 6, 8, 16, 17, and 21) a
hypéécholesterolaamia was present; 6 cases (7, 9, 14, 15, 20
and 22) gave normel values and in 5 (3, 10, 12, 18, 23) the
cholestercl content of the bjood was low. With regard to cases
11, 13 and 19, in all of which the cholestercl content of the
blood was determined after operation only, it is Feaconable
to assume that the values were high or at least normsl befere
operation. This assumption is supported by the faet that in
oase 19 the cholesterol content of the blood, which was
0.140 per cent on the day following the operatien, had
risen 10 0.160 per ocent 14 days later. '



- 5% -

High or normal values for the cholesterol content of the
bleod are thus seen to be the rule in cases ef prostatie
enlargement, low values being exceptionsl.

In two of the oases (6 and 21) the conditien was malignant,
but there was nothing in the walues obtained to distinguish
them from the benign ocases. The high values obtained in a
third of the cases do not appear to be weitmbie releted in any
way to the genito-urinary condition, or the urinsry retentien
present. Deoubtless the hypercholesterolaemia is associated
with the existence of marked vascular degeneration, for all
the patients were middle-aged or elderly men.

Cases 2 and 18 are examples in point. These patients,
whose bleod chelesterol values were 0.247 per cent and 0.354 per
cent, died and post mertem examinations in both cases re¥ealed

the presence of well-marked atheromatous changes.

‘The low values, on the other hand, are very signifiocant.

- The patients with hypedohelesterolaemia a2ll died, and in all of
them post mortem examination revealed the presence of some
forn of sept;:lo infection of the urinary tract. .

These obaervations would lead one to suggest that bleod
chelesterol determinations on cases of prestatic enlargement
before operatién may be of value to the surgeon. The presence
of a hypochelesterolaemia should make one suspect a septie con-
ditien of the uripary tract and may thus serve as a warning end
guide to the surgeon. | ‘

As seen from !.'a.blesVI(a)i:gg)pni"allelism was found to exist
between the chelesterel and the urea nitrogen content of the
bleod. This is as would be expected, since retention ef nitrogen



Case. Age. Sex. Clinical Diagnosis.  Cholesterol in = Urea in mgms/ REMARKS
per cent. 100 c.c,
1. F.H. 39 2? Urethral Stricture 0,190 25,3 Bougie psssed:i; attends as out patient.
2, U.Tr.49 & " " 0.160 25.8 " " " mooww
3. H.Th.43 &  Prostatis & Cystitis 0.150 33.6 Bladder washed out;" " " " M
4. 7M. 64 d Carcinoms of Bladder 0.210 - 22,4 Large fixed growth on superior surface of bladder
- < 4neperadls.:,
5.5.7.G. 40 &’ T.B. Tests, Prostate 0.177 16,8
and Urethra. .
6., I.K, 44(?’ Vesical Calculus 0.200 19.6 Suprapubic lithotomy, drainage. Well,
7. C.B. 57§  Ureteral Calculus. 0,199 16,8 | ’
8. M.S, 51 % Renal colic;movable 0.222 22,4
, ) kidney
9. K. XM, 42 Ei Congenital Cystic 0.207 33.6
_ Kidney.
10, J.D 36Q Pyelitis Q.120 28.4
11l. S.M. 1% Pyelitis O.lSO%Duplica‘be 22,4
12, J.H, 51J" Uraemia 0.266 Not done. Improveds
0.882 a month vt ‘
‘ later, . .
13, M.M. 43{@ Urania 0.242 " "  Died P.M, findings: Extreme interstitial Nephritis
with associated cardio, wiscular changes,
14, W.X. 553? Arterioselerosis 0.259 Systolic blood pressure 850 m.m,
15, P.N. 14&8 Chronic Intersiitdel 04450 | |
Nephritis ‘
16. Th.D.54C? Hypernephroma 0.1567 . Nephrectomy. Welle
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in the bleod, depends on deficiency in renal funotien, snd is
not necessarily influenced by the presence or absemce ef a
septic condition of the genito-urinary tract.

The cases in Group VI(b) include these genito-urinary
oonditions other than these asseciated with prostatic enlargement,
and require but 1ittle comment. KNormal values were obtained in
the two cases of Urethral strioture. A high value (0.210 per
oent) was obtained in Case 4 with caroinoma of the bladder and
this is in accerdance with Luden's results.

In the one case of hypermephroma (168) the chelesterel content
of the bloed was normal. The two Pyelitis cases (11 and 12) were
oonspieucus by their low values, and this is in mccordance with
the resulte obtained in Group VI(a).

In the 2 cases of Uraemia (12 and 13) examined, a marked
hyperohelesterolacuia was present, a result similar to that
obtained by other workers. It is interesting to note that in
Case 13 the chelesterol ocontent of the bleod just befere death
was as high as 0.242 per cent. Bacmeister and Henes (1913)(‘397
found that in one case of Uraemla just prier to death the
chelesterol centent ef the blecd fell te 0.090 per cent.
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TABLE VII (a) SECORDARY AND PEBNICICUS ANARITA,
ASE, AGE, SEX, DISEASE. CHCLESTERCL IN PER CENT.ERYTHRO@YTES.HAEMOGLOBIN CCLOUR.  LENCGOCYTES, REMARKS,
| PLASNA CORPUSCLES in per cent. INDEX '
bverage Tormal value C.162 €.110
2ndary Anaemia - . - , |
. 4.5, 534 after Haemstem- 0,157 3,400,000 45 0.73 4,800
: esis, ' :
. J.E. 5& ©2ndsry Ansemia  C,12C A 3,900, 000 40 C.5 6,000
. 1.8, 45& snaary " 0.128  0.082  2,8C0,0C0 50 0.9 3,800
WMrs. 2ndary "
A, S, 335} following me¥xrorr- :
hagis 0,090 2,000,000 25 0.6 . 4,200
e NTS O '
E.T. 35 ¥ 2ndary Anaemisa « \ ‘ , -
4 months later. ¥0,103 0,119 980,000 18 0.9 3,300
30,122 . 4,800,000 75 c.75 . 6,600 -
S.urs . '
AU, 49F Ansemia of syph- | o
ilitic origin 0,175 ° 3,900,000 35 0.47 . 2,300
7.A. 7, 549 Pernicious Anse- ‘ SR
wia, 3 N0,107 0.070 1,80C,000 35 1.0 2,600
wonths later.. 0,090 1.000,60C 20 1.0 3600 | : ook
. » l , Lol s ¢ retied
8. M 300Q TPernicious Anae- 0,070 800,000 15 0.9 2,800 (Gug) Dk . P M. Foficg’ e
: mia ' E : 'Z -
9. LF. 58 @ " " 0,140 0,080 2,400,000 50 1.0 5,600
10,H.H, 48" " " 0,132 0,117 2,700,000 55 1.1 6,400
11.7.8. 545" " " p,072 900,000 20 1.1 © 3,000
12.E.P, 33 & " " 0.13 0,081 2,200,000 40 1.0 . 6,50C
3 weeks lster 0,110 0,077 3,400,000 68 1.1 5,200
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Table Vii., (b)

CCHLITICHS ASFOCTIATED WITH SPLENCHEGALY,

A

CASE AGE, SEX, DISEASE v TERCL LI TE ERYTHROBYTES , HARNOGLOBIN, COLCUR LEWCOBYTES.,  REMARKS,
PLASNA GORPUSCLES | IEDEX

‘tl.Mrs 35 Sz Myeloid Lemcaemia C,1C4 3,2CC,CCC 40 0.63 21G¢,CCC

L1030 5Tl " " 0,127 5,1CC,0C0 70 0,77 220,000

buwerks Lalis 0,109 5,CCC,000 60 .60 10,000 After X Ray treatment.
B4 ¥.J.67& Lyuphatic oBucatmio,108 2,8CC,C00 2C C.4 8CC,000 Died 2 Mys.later.
" 4,7n,W. 554& Myeloid " 0,099 4,500,000 55 0,66 280,000
- 5,7.4, 56& " " 0.C90 4,0C0,0C0 45 .63 11C,000
' 6.Mrs.B 28 Q Pamilisl Acholuric 0,094 2,600,000 40 0.C8 3,800
Jaunlice

7.3.0. 608 " " " 0.097  0.077 Father of Nrs,B.

. 8.8.6, 8@ "M " 0.112 C,105 3,C00,CC0 40 0,60 6,400
- . 0,104 (C,110 7 days later.
7D

9,H,6,C,208 m w " 0.060 4,250,000 70 0.82

1¢.8.2. 374 Splenic Anaemia 0.121 3,70C,0C0 45 0.67 1,700

0,123 10 daygs later,

11,7.%, 148 Pogtal Cirrhosis 0,087 0,107 6,200,000 85 0.7 10, 200

12.R.R., 558 Poleythaemia Vera. 0,074 0,121 9,50C, 060 115 0,67 21,200

1510, 50 @ " 0,190 0,140 7,700,000 115 C.75 . 9,800
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Group VII.
12 cases of Anaemia were examined, including 6 cases of
Pernicious Anaemia. thé values obtained for the cholesterol
contént of the blood and the blood counts are recorded in
tablé VII(a). = '_ '
" Under "Cases associated with Splenomegaly” are included
5 cases of Leuoasmia, 4 oases of Acholufio Pamily jamndioce,
1 oase of Splenic Anaemia, § casel of Portal Cirrhosis and
2 oases of Polyoythaemia Vera. The values obtained in these
oages are given in Table VII (B), while a comparison of the
values obtained in 4 of the cases before and after splenectomy
is given in Table VII(c).
A detailed account of the case histories will be found in the
‘Appendix.
For oonvenienoe the 2 cases of Polyoythaemia will be disoussed
sépafételj', ‘but the remaining oases will be oconsidered together.
If we take 0.162 per cent as the average normal value for
chelesterol in the plasma, and 0,110 :.B the average normal
oontent of the oorpuscles it will be seen that the valuesfor
cholesterol in the plasma are strikingly low in primary and
severe seocondary anaemiag, In the eorpuscles, too, some low
values have been obtained, but the variations are only slight.
In 2 omses only viz. case 5. Table VIfa), and case 42 Table VII(b),
the cholesterol content of the oorpuscles is seen to be inoreased
relatively. Unfortunately, the eholesterol content of the
cofpuscles was not determined in all the ocases, owing to an
insufficlency of blood.

Of the oages in Group VII(a) the lowest values were obtained
in mukbers 4, 6, 7, 8 and 11, in which the anaemia was most
pronouneed. The values obtained in Cases 1 and 6 suppor{ the
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observation of Bloor (1917), that the blood cholesterol content

,red'eorpusoles in the blood does not fall below 50% of the
normal figure. ' o ' ’ '

" I4 1s interesting to nbte that a higher value for the
cholesterol content of the blood was obtained in Case 5, -
where the anasmia was very marked, than in case 4 with a less
pronounced anaemia. Case 5 ultimately made an excellent
recovery, and the blood pilcturs 3 months afterwards was
practically normal.

Thers appears to be no characteristic difference in the
oholesterol content of the blood in the different types of
anaemia. '

In individual cases there is seen to be a parallelism
betwoen changes in the number of corpusoles and the per eontage

of haamoglobin on the one hand, and the cholesterol content of
the blood on the other. This is seen in cases 5 and 6

(Table VII a) and in three of the cases of Acholurie fam:lly
Jaundice and the one case of Splenio Anaemlia examined.

gase 12, Table VII{a) is an exception, for with improvement in
the condition of the blood, there is a fall in the cholesterol
content of the blood. It should be noted, however, that the
patient's general oondition at the time of the second blood
examination was considered to be worse than at the previous
examination, instead of being better, as the blood examination
would have led one to suppose. This observation would seem

to support the vlew expressed by McCrudden and Sargent (1916)
that low cholestorol values are a general secompaniment of lowsred
vitality. PFurther support loX this view is lent by the low value
ét(o.lo‘ﬂ]}sbtained in case 41 (Table VII-b.) asscoiated with
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TABLE VII. (c) THE EFFECT OF SPLENECTCHY CF THEE CHECIILSTRCT CCUTINT (F THE 3LCCD.
; Tiwe 40 e e e
f CASE AGE SEX DISEASE relation to CHCLESTERCL IN PER CEHRT ERYTHROEYTES HAFNCOGLOBIN COLCUR FRAGILITY TEST
E SPLENECTCMY PLASMA  CCRPUSCLES IN PER CENT INDEX (JINITIAL.COMPLETE.REIARKS
; ) & per Cant
| . Mrs,B, 2833Acholuric family.6 weeks before 0.094 - 2,6CC,000 40 0.8 Sokecn Urobilin in
! ' Jaundice, - . urine
’ 2 " " 0,126 C.1Cz2 3,0C0,0C0 45 C.75 O.BOOﬁ 0.425 After blood
; . . ' ) : : ‘ fransfusicn,
on day of operatan. 0,2C0 C.086 4,50C,00C 60 C.7 ¢.50C 0.45C Aiter;seconqA
1C days after. 3lcod from splenic véﬂy 0.725 O.525ﬁfransfusion/ﬁ
, C.le2 C.C8C 0.625 0.450 Urobilin
14 " " C.199 ¢,1C2 0.650 0.525 " absent.
_ 21 " 0,222 C.,1C7 C.625 C.48C
2 8.6, 28Q" nooow 9 days before 0.112 0.105 3,000,000 40 0.67  0.550 0.500 Urobilin in 4=
: ‘ ‘ At operation C.1C5 , From splenic C.725 0.625 (urine.
1 week after C.109 0,090 0.550. 0.500 Urobilin
3 weeks after C.171 C,1C8 ‘ absent.,
6 " " C.197 ¢.108 5,CCC,0CC 68 .68
_ 11 ¢ " 0,234 Cc.119 5,600,000 8C 0.7
3. a.7.6.20d\n " At Cperation. 0 060 4, 256,000 70 0.82
» . : 8 days after 0.067 5, OOO ' 000 85 .85
15 " " 0.087
i 21 0,094
4 s.p. 37 Splenic 19 " before 0.12% | 3,700,000 45 0.67
Angemia 9 " affer 0.113 0.098% : ‘ :
19 * " 0.142 €.108 4,200,000 45 0.6
39 n n 0,182
59 " " C.160
ge " b4 0,200
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a blood count of 6,200,000 and a haemoglebin per oentage of

85, “énd where there was no fever to acoount for the very low
valus.  In the b cases of leucasmia, oo, the cholesterol
values were not proportionate to the degree of the anaemia,

as examination of the first 5 cases of Table viz(b) will show.

In leucaemia the cholesterol values also fail to show any |
parallelism to the leucocyte count. Thus, in oase 2 Table ¥83(b)
with a lsucooyte count of 220,000 the value for the cholesterol
ocontent of the blood was 0.127 per oént: 6 weeks later, in the
same oase,when, under the influenee of X~ray treatment the
leucooyteshad become reduced to 10,000 and the size of the
spleen had beoome much reduced, the cholesterolbontent of the
blood fell 4o 0,109 per oenk. It 1a»sign1fioa#t that the ansemia
hagl beoome more promcunced. )

In the 4 cases of tholurggmiigndioe and the one caae of
Splenlc Anaemia examined, low values were obkained for
oholesterol in the plasma, while the cofpuscular content was
normal or slightly below normal.

‘Following splenectomy, 1f we exclude the fall observed in
cases 1 and 4, Bable m(ii) shortly after the opsration, a result
which 1s to be attributed to the immediate postmoperative
effects, there occurred a steady rise in the cholesterol content
of the plasma, ané a v?g% slight inorease in that of the
corpuscles. King (1914) in experiments on dogs ':t’ound that after
splensotomy there occurred an inorease in the cholesterol content
of the placma at the expense of the coFpuscles. Kiné only
determined the cholesterol content of the corpuscles in one

case, while in the osses under disoussion the cholesterol eontent
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of the corpuscles was determined in thi'ée oagses, and in two

of these 5 suocessive analyses were made dn the coipusoles

(of. Table VII o)+ |

" Bloor (1917 )(4:{/; 4 cases of Perniolous Anaemia, and 2 oases

other than anaemia found that after splenectomy there were

inorsases in the cholesterol content of the plasma in all

but one ocase, but that the corpuscular content remained

unaltered. Bloor's method of determining the cholesterol

content of the corpusocles, however, appears to be liable

to greater error than my own. He does not make a direct

determination, but computes the value from the difference

between the Pigures obtained for the cholesterol content of the

whole blood and the plasma, and the percentage of corpuscles

as ocaloulated after cemtrifugalisation in graduated tubes.
Simltaneously with the inorease in the oholsesterol content

of the blood following splemectomy, there is also a great improve=

ment in the general condition of the patients, and a marked '

improvement in the blood count. This was particularly striking

in the 3 oases of Acholurie Famlly Jaundice. The paﬁents

who had been Jaundiced all their lives, lost their icterlds

almost 'mediately after the operation; urobilin which had

'bpeﬁ present in the urine, disappeared, while the blood

plasma which contained appreciable quantities of bilifubin

before operation, was perfectly free from bils pigments after

spleneotomy. Case 1 (Table VIIo) had had several attacks

of what appeared to be biliary colie, Qlf operation gallstones

were found in the gall-bladder, but her condition did not

admit of their removal. Yet, after operation these attacks

ceased; this supports the observation made by Giffin (1917 )(77'J
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in a review of 17 cases of Haemolytioc Jaundice from the
Hayo Clinic, that patients after splenectomy may improve
remarkably although retaining their gall-stones, but that,
on the other hand, removal of the gallstones in a case of
haemolytic jaundice does not eure the condition.

The improvement following splensctomy in ocases of Acholurie
Jaundice was reported by Bantl as early as 1903, when a complete
and permanent cure was effected by splelectomy in ome of his
own oases, and in the oases of Michell apnd ~U
In splenic anaemia, too, ‘tlz_’es )1mprovement after spleneotomy has
been noted by Giffin (1913) in a review of 18 cases from the
Mayo Olinic. '

Eppinger also found ine series of cliniocal conditionsgacsecs ol

w\ﬁw‘r\wmvﬁjw that removal of the spleen produced a beneficial effect on
jaundice and apaemia, that 1(.; )iymptoma which are associated
with haemolysis. King(1914) who is of the opinion that in
cases associated with haemolysis there is an excessive aetivity
of the haemolytlo function of the spleen, which he terms
*hypersplenism”, desoribes the influence of the spleen on

haemolysis, anaemia, and icterus thus -

Hypersplenisn. Asplenism.

Hi%h_;oontent of unsaturated Low content.
fatty acids in blood.

Greater resistance to haemolytis

Haemolysis ' ' agents. :
Anaemia Improvement of the anaemia.
Ioteras. Difficulty in producing Jaundice

by haemolytic agents.
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King has determined the unsaturated fatty acid oontent of
the blood (Iodine value) in 3 eases of Pernicious Anaemis,
and in 2 cases ef Acholurio Jaundice, while he has also
followed the effeots of splenectomy on this value. LHe was
stimilated to do this work by the suggestive results obtained
by Faust and Tall&quia(tgo.’)m the anaemla produced by the tapeworm -
Dibothriocephlus latus. These workers demonstrated the presence
of a haemolytic substance in the worm which they 1solated and
found to be cholesterol oleate. They further showed that the
haemolytie propertlss were due entirely to Olelc Acid and
that a strongly haemolytic chyle, owing its haemolytio
properties to abnofmal amounts of sodium ol(e;.;t;o, could be obtained
in doga by feeding oleic acid. Faust (1908) alse produced
anaemla experimentally in dogs and rabbits by long continued
feeding with olelc acid. Olelc acld being an unsaturated fatty
add, the haemolysis produced by it was asori!(:&i) to the
presence of the double bond. MoPhedran (1913) found that no
parallelism existed between the haemolytic activity and the degree
of unsaturation of the unsaturated ascids, and he concluded that
there was no evidence of the presence in the human body at a.ny
time of fatty acids appreciably more haemolytie than oleie
aclde King in the § oaseé agsociated with haemclysis examiyged
by him found a great inorease in the unsaturated fatty acid
content of the blood (High Iodine Walue) and also a low
cholesterol content of the blood. He concludes that "there
appears to be a parallelism between highly unsaturated fatiy aocids
in the blood and haemolysis, and that further the haemolysis is
more marked because of the small amount of antihaemolytie
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subatance =~ (cholestercl) present in the blood of those cases,

" The inteFpretation of the 101(;&;0195%”61 values is thus far
from clesr. McCrudden and Sargent believe that they are the
résult of a lowered 'ﬁtality,‘ Since they found that low
cholesterol values were the usual av.cmompa'.ni.ﬂ'?'-f,/x"'li,b of a lowered
vitality, whereas King and Eppinger connect the lew values with
haemolysis.

As pointed out by Bloor, though cholesterol ac$s as an
sntihaemolytic agent agains$ such substences as saponin,
teignolysin and cobra-venom there is no evidence to show that it
protects against haemolysis by the unsaturated Patiy acids. The
faoct that improvement in the clinical condition generally Tesulted
ﬁ inereased cholesterol values might be taken as supporting
either explanationm.

One important point emerges from these observations,
namely the relation of the spleen to the low chelesterol values.
The removal of the spleen was followed, in the 4 eases of
haemolytic jaundioce and splenio anaemim desoribed by mea@ an werteqs A

the M %,\.A similer finding has been recerded by Bloogfq)zi.n 4 ocases of
Pernicious Anaemia treated by splensetomy, and also by King( 79)
in his experimental work on dogs.

The assoclation of a low cholesterol value with a high
iodine value of the blood and conversely of a high cholesterol
value and a low lodine value (King) is very suggestive.

"If we assume that Lifsehﬁtzwf)s correct in his cleim that
ocholestercl may be formed from Olele Acid, them one may put
Poiward the hypothesis that the spleem, in cases amssociated with
haemolysis, exerts a perverting influence on chelesterol metebolism,
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preventing the conversion of olelo acld to cholesterol, since,
after removal of the spleen ,there is @ fall in the lodine

runbér ‘and 'a rise in the cholesterol content of the blood.

‘Interesting results were obteined in thav two cases of

polyeg‘bhi"mié rubra examined. @f low cholesterol values are

a characteristic feature of severe anaemia one would expeet

high values in polycytheemis. This was not found to be the

ease. Thus, in one case (Case 12 - Table VIIb) with a red

eoll count of 9,500,000 and a haemoglobin percentage of 115,

the cholesterol content of the plasma was 0074 per ecnt (half

the normal value), This was confirmed om two subsequertt examine
ations. The corpuseilar content was about normal (0.121 per ocent)
In the second ease (Case 13, Table VITb) with a red eell count

of 8,000,000 and a haemoglobin per centage of 110, the cholesterdl
oontent of the plasma was 0.190 per cent and of the corpuss-eles
0.140 per cent, that is slightly above the normal value. oo

These findings are contrary to those of Pribram (1921) who

found an execess of cholesterol} in the blood in a osse of
splenomegalio poleythaemia rub%a and in a ease of secondary
Wlﬁﬁ&eﬂ(aﬂgomeoted with pulmonary emphysema. Pribram and
walter (1912) also desoribed two cases of acute yellow atrophy
~of the liver ( one genuine form, the other due to septic imfection)
in both of which exeminations of the blood showed a polyoythaemia