CLINICAL STUDIES OF BLOOD LIPID METABOLISM
I. NORMAL BLOOD LIPID VARIATIONS OF PHOSPHOLIPIDS, NEU-
TRALFATS, TOTAL LIPIDS, AND LIPID FRACTION PERCENTAGES

A. Arren Gorberoosm, M. D, F. A, C. P. New York, N. Y.

UCH HAS BEEN expressed of the effect of lipids
upon conditions such as atherosclerosis, arterio-
sclerosis, coronary disease, and liver pathology. Ex-
perimental and clinical studies have heen published with
no final and with varied conclusions. The lay press has
stressed these indefinite results to such an extent that
patients request and demand to know “The values of
their fats in the blood.”

Without a doubt, changes in the arteries of animals
have been produced experimentally simulating athero-
sclerotic processes in humans.

Blood studies, especially of cholesterol, are numerous.
Other lipid substances such as phospholipids (phos-
phatides) and fatty acids are less frequent. Some are
so persistent as to state, with a note of finality, that a
ratio of these substances, for instance, phospholipids
to cholesterol or vice versa, in one way or another
speak for or against atherosclerosis or overt coronary
disease. The more exact and most recent work is that
of Gofman and his associates with their qualitative
study of lipomicrons (any fat particle) and chylomi-
crons (large fat particles) by ultra centrifugation.
This awaits further confirmation for practical clinic
usage.

Before any discussion of the clinical value of lipids
is mentioned, it seems in order to define lipids; the
various types commonly encountered clinically; their
function; and normal variations, at this stage of our
knowledge. In subsequent publications, the author will
attempt to evaluate findings in certain clinical conditions.

CLASSIFICATION OF LIPIDS (1)

The term ““lipid’’ (2) is used to designate those sub-
stances whieh, in their general properties and partieularly in
their solubilities resemble fats.

1. True fats and oils. triglyeerides of fatty acids.

2. Nitrogen-conlaining lipids, substances of a fat-like nature,
vielding on hydrolysis fatty acids or derivatives of fatty
acids and econtaining nitrogen.

A. Phospholipids, nitrogenous lipids containing phosphorus.

a. Phosphatides, triglyeerides in whieh one fatty acid
is replaced Ly a phosphoric acid tester. Each
molecule contains two molecules of fatty aeid to
one of phosphoriec acid. To this group belong
lecithin and the eephalins.

b. Sphingomyelins, like the phosphatides contain hoth
nitrogen and phosphorus, but only a single molecule
of fatty acid to each molecule of phosphoric aecid.

B. Cerebrosides. substances containing fatty aeids, nitro-
gen. and a earbohydrate group, but no phosphoras, Of
these, at least two members have bheen identified,
phrenosin and kevasin,

3. Unsaponifiable malerials, having no close chemieal relation
to fat except similar solubilities, and no functional re-
lationship except that some members form esters with
fatty acids.
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A, Sterols and Steroids. Compounds having a perhydro-
cyclopentophenanthrene nucleus.

a. cbolesterol and its immediate derivatives.
b. steroid vitamins and provitamins.
¢. steroid hormones.

d. bile acids.

Fig. 1: dlistogram showing the percentage of serum free
cholesterol in terms of total lipid concentration in normal
male and female paticnts.
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B. Other fat soluble vitamins and provitamins.
a. carotenes and A vitamins.
b. tocopherols and E vitamins,
¢. naphthaquinones and K vitamins.

C. Unidentified nonsaponifiable materials.

GENERAL TERMINOLOGY

Ester—is any compound formed from an aleohol and an
acid by the removal of water,

CH,COOH + C,H,0H=CH,COOCH, + H,0

Acetic acid - ulcohol=ethyl acctate (ester)

Glyceride—is an organic acid ester of glycerol (glycerin),
The natural fats are glycerides of the higher fatty aeids and
usually are mixed glycerides.

H,C— 0 — 00— C_H,
/

H C—0—C0—C.H,
/

H,C—0—CO— C_.H,_

(Tristearin)
A Simple Glyeceride

fig. 2: Histogram showing percentage of phospholipids. as
part of total lipid conecentration, in normal patients.

Fats (3)—arc esters of fatty acids and glycerols (glycerin)
that contain mixtures of glycerides whieh are csters of
glycerol und one or more fatty acids.

H,¢—0—0C0—R,

/
H L —0-—0C0—R,

/

H,¢—0-—-0C0—R,

General formula for fat. R, cte. nomenclature for fatty acid
radical.

Fatty deids (3)—are monobasic aliphatic (pertaining to
an oil) acid formed by the oxidation of a primary aleohol
and having the formula CnH nO,. Example: C;H,,COOH
(palmitic acid) or (C (II,.0,).

Some of the fatty acids found in fats which oeeur more or
less commonly arc acetic (vinegar), butyrie (butter), arachidic
(peanut oil), ete. The most important and most widely dis-
tributed fatty acids are stearie, palmitic, aud oleie. The fatty
acids form soaps with metals or alkalies, as:

C,H(0-CO-C;H .}, + 3NaOH = 3C,;H,,COONn 4

C,H (OH),

stearin  + sodium hydroxide =sodium stearate (soap) -+

glycerol (glycerin) and esters with alcohol
CH,COOH 4 C,H.OH--CH,COOC,H, + H,0
acetie acid + alcohol=-ethyl acetate (an cster).

Neutral fats (4)—are defined when all three alcoholie
groups of glycerol are esterified with fatty acids (R, R, or
R,) which may be either saturated or unsaturated.

H,C—0—C0— CH,,

/
H C—0-—C0— C,H,

/
HC—-0—-0C —CH,
Palmitin (neutral fat)

The general structure of fats is that of glyeerol esters. Thev
may be split in the bile into glycerin (glyeerol) and fatty
acids which may combine with choline and phosphoric acid to
form the phospholipid leeithin,

Lipid Phosphorus (5)— is onc of the phosphorus fractions
existing in blood in organie ecombination. Upon extraction of
blood with aleohol-ether lipid phosphorus is ohtained and is
considered in the aleohol-ether organie, soluble class.

Phospholipids (Phosphatides)—is a nitrogenous lipid eon-
taining phospliorus whieh on hydrolysis vields fatfy acids,
glyeerin, and a nitrogenous compound. They are esters of
orthophosphorie acid. T.ecithin is the hest known example.

HC—0—CO0 —R,

/
HC—0—CO— R,

/

/ 0

/ /!
HC—0— P—0—CH
2 ) AR

OH N=(CT1),
=
of

Alph-lecithin

Lecithin (6)—is a common ecll constituent and is considered
to plav a part in metaholism of fat. Unlike true fats, it con-
tains nitrogen and phosphorus. Tn the industries, many thou-
sands of pounds of lecithin, obtained from sov-heans are
used as an emulsifier and in the manufacture of candies,
choeolate. cocon, margarine, medicines, and even in the dyeing
of textiles.

Sterols—are ecomnlexed monohvdroxy aleohols whieh are
unsaponifinble substances having no close relation to fats. The
most important owve concermed is cholesterol, which exists in
the bodv in two states, free and esterifiel (combined with
fattvy acids).

C ..H,, .O—cholesterol

Lipotropic agents—-are substances having an affinity for fats
or oils and thus acting on fat metabolism. Example:

OH
/ (CH,
HO — CH, — CH, — N JCH,
[CH3
Choline (ethanol trimethyl ammonium hydroxide).

AwmER. Jour. Dig. Dis.
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Choline—is a base comparabie to sodium hydroxide. It is
important in preventing the accumulation of fat in the liver
and is generally regarded as a constituent of the vitamin
B complex.

OCCURRENCE OF LIPIDS

Individual members of lipids show large individual varia-
tions in soluhility, hut as a class the lipids are readily dis-
tinguishable from the earbohydrates and the proteins, the
other two great groups of naturally occurring compounds. They
are very wide-spread in nature, being found in all vegetable
and animal matter. Some members of this group such as the
phosphatides and sterols, are found in all living cells where,
with the proteins and carbohydrates, they form an essential
part of the colloidal eomplex of protoplasm. Complex lipids
are also found in large quantities in brain and nervous tis-
sues, thus indicating the important role thesc substances
must play in the living organism. Other lipids, such as the
fats, and oils, vepresent the chief form in whieh excess food-
stuffs are stored in the animal body. They arise from ingested
lipids and from the metabolism of earbohydrates and proteins,
and are stored in fat deposits, such as the subeutaneous eon-
nective tissue, the intermuscular connective tissue, the omen-
tum, ete., where they aet as heat insulators and as reserve
supplies of energy (7).

FUNCTION OF LIPIDS IN GENERAL

Dictary lipids which are ultimately to be metabolized in
the body consist for the most part of glycerides of fatty
acids, One of the chief funections of dietary fat is to pro-
vide a large available reserve of food and essential fatty
acids to the organism. Digestion of fats is determined by 1)
the normal presence of the digestive fluids in the intestine and
2) an adequate period of time for this digestive process to
proceed. Sinclair (8) postulated the following equilibrium
as existing in the intestinal wall: fatty acids ——.5 phos-
pholipids — 5 fat.

There is a specific phospholipid in the intestinal mucosa
which occupies an intermediary position between fatty acids
and nentral fats. All of plasma phospholipids are the choline
type. Therefore, transport of fatty aecids by way of phos-
pholipids involve only those phospholipids that eontain choline,
which is the nitrogenous basie constituent of lecithin, Lecithin
is the form in whieh fat is transported from blood to
tissues and in the opposite direction.

While fatty acid in the blood may in part be transported
as phospholipids, an important role in this process is also
played by the esters of cholesterol and of glyeerol (neutral
tat) (9).

Proiein may play a role in aiding lipid transport in the
blood as may be shown that blood lipids are found econcen-
trated in the beta globulin fraction when plasma is frae-
tionated by physico chemical methods (10, 10a). Alteration in
total blood lipids are a reflection of changes in the concen-
tration of the individual constituents which comprise the
total lipid fraction of the blood.

FUNCTION OF INDIVIDUAL LIPIDS

Cholesterol (11, 12) is an essential constituent of all cells
and fluids of the body. It is a precursor of cholie aeid and
cholestenone and also functions with the bile aeids and salts
in facilitating the absorption of fatty acids. It is an important
means of transportation of fatty acids in the blood, through
the formation of cholesterol esters. It is present in highest
concentration in the adrenal cortex and is biologieal precusor
of steroid hormoues. Tt is an important source of vitamin D
by irriadiation of the skin, with the formation of activated
7-dehydrocholesterol. It may Dbe involved in cell permeability
and possibly in immunologic reactions.

SOURCES FOR SERUM CHOLESTEROL

The cholesterol in the body is derived from two sources,
that ingested in the diet and that obtained by endogenous
synthesis. The only important exogenous dietary sources are
certain animal fats and products, including milk, butter, cheese,
and egg yolk, and animal organs such as brain and liver;
certain sea foods such as oysters are also fairly good sources
(13). Endogenous cholesterol has been known to be synthesized
in the liver. Gould (14) by studying tlissues after administra-
tion of radio active carbon compounds has concluded that
synthesis of cholesterol takes place also in the intestinal
mucosa and skin but not in the aorta.

January, 1952

The liver syuthesizes cholesterol at the upproximate ruate
of 0.3 grams per day which, is believed to balance the rate
at which cholesterol is normally excreted. Cholesterol, whether
contained in the diet or produccd by the liver, passes through
the small intestine. Here, one of two things happens: It is
absorbed, or is passed on to the colon and excreted. By -re-
dueing absorption, excretion will be increased. Since the
fatty acids of dietary fats greatly promote the absorption of
cholesterol by eonverting it to cholesterol esters, a low fat
diet would greatly reduce cholesterol absorption and thus
greatly aid in its elimination. In addition, a low fat diet
also has been reported to incrcase the excretion of bile aeids
and sinee these bile aeids arc made by the liver from
cholesterol, the indireet effect might be to reduce cholesterol.

Exogenous and endogenous echolesterol arc present in the
intestine and reaet with the fatty acids. Some free cholesterol
is transformed into coprosterol and exereted through the
feces. The esterified form is absorbed and is carried to the
liver where the cholesterol in part is ‘‘liberated,’’ the fatty

e 280

I{ ro i || '
Ll L L 1]
| ! | : ! |
| | \ || I
| | |

o —— ..—8,. ;__ | [._.
- ! |
e WSS S

\lesterol (as Cholesterol|olea

Esteritied Ch

ge of

__Percents

Fig. 3:
lesterol oleate) of total lipid concentration in normal indi-
viduals.

Percentage of serum esterified cholesterol (as eho-



12 Stubpies or Broop Lipip METABOLISM

acids entering into combinations with phosphoric acid and
choline, which may be present within the lumen of the in-
testine to form lecithin. Some fatty acids give rise to acetates,
considered to be the building blocks for cholesterol synthesis.

STEROL=CHOLESTEROL ESTER AND ESTERIFIED
CHOLESTEROL

By means of hydroxyl group on carbon (3) -cholesterol
combines with fatty acids to form esters (15). The alecoholie
hydroxyl, which can bhe esterified with different fatty acids
by means of an esterase, may be split by .reverss aection.
The esterification of cholesterol changes its physical properties,
which not only have an influence on the absorption and
transportation of this substance in the tissue fluids but are
also important for the composition of the eell lipids. A cho-
lesterol esterase also seems to be present throughout the
body. The liver plays an important role in regulating the
ratio of free cholesterol to cholesterol esters as it manifests
itself in the serum of men and animals; 60-709, of the
total cholesterol is normally present as cholesterol esters in
the serum.

talge

|

n_per |cen

eutral | F tald

Fig. 4: Percentage of serum neutral fats, in terms of total

lipid conecentration in normal male and female patients.

Sperry (16) showed that incubation of normal serum in-
creases the ester fraction of cholesterol. He, therefore, as-
sumed that normal blood contains a cholesterol esterase, which
may be responsible for maintaining the normal ratio of free
cholesterol to cholesterol ester. It is more probable that the
cholesterol esterase, which is found in organs, especially the
liver, may be responsible for the ratio in the blood. Willibald
Klein found that cholesterol esteragse in the duodenum or-
iginates from pancreatic secretion. He stated also that this
esterase is not identical with other esterases (17).

Cholesterol probably enters into complex molecular combina-
tion with protein in the parenchyma of the liver. Thus, there
are released into the blood stream four varieties of cholesterol,
derived fundamentally from either exogenous or endogenous
cholesterol.

1. Synthesized (endogenous).

2. Originally ingested (exogenous) now nonesterified.

3. Giant molecular cholesterol-protein complex.

4. Esterified cholesterol (hepatic and intestinal).

Some of this cholesterol is returned to the liver to be
seereted in the bile along with cholesterol whicih enters the
bile directly from the liver.

Tius the cireuit intestine-liver-blood stream-bile-intestine—
the so-called entero-hepatic circulations—is complete.

PHOSPHOLIPIDS AND CHOLINE

Phospholipids are a vital means for transporting fat
around the body and for preventing it from infiltrating the
arteries, the liver, or other organs. The prineipal type is
lecithin, a substance closely resembling fat in chemieal
strueture, except for this vital difference; it contains choline,
linked by phosphorie acid. This choline is a vital substance,
a member of the vitamin B complex and specifically recog-
nized as a lipotropic agent, that is, it is essential to keep fat
on the move. From choline, supplied by the diet or medieinally,
the body can make lecithin and other phospholipids. Liver
is the main source of the plasma phospholipids. By radio
phosphorus as a tracer, the level of the plasma phospholipids
is a measure of the amount of new phospholipid being formed.
If the level is high, there is an overproduction of the phospho-
lipid by the liver rather than a piling up due to biliary ob-
struction or decreased breakdown of the phospholipid molecules
by the tissue. This has been found to be true no matter what
the cause of the hyperlipemia in all the pathological states
studied (18).

The phospholipids are the major form in which fatty acids
are transported about the body. There are scveral kinds of
phospholipids: lecithins represent about 50 pereent, cephalins
about 40 percent, and sphingomyelins about 10 percent of the
phospholipids in the blood; the red eells contain even more
phospholipids than the plasma, but it is the latter which is
believed to be mainly involved in the transportation of
fat to the adipose tissues.

In lecithin, the distinguishing chemical entity is choline,
while in cephalin it is ethanolamine. The latter is closely akin
to choline. Choline is also a eomponent of sphingomyelin.

Animals on a diet free from phospholipids can produce
their own from choline. Therefore, choline is looked upon as
the lipotropic agent par excellence. From 1 Gm. of choline
the body can make 6 Gm. of lecithin, and probably an equal
amount of eephalin.

In the ordinary diet choline is present chiefly in the form
of phospholipids; since these are fat-soluble substances, they
are most plentiful in fats rich in cholesterol, such as eggs,
brain, kidney and liver. Consequently, the patient who tries
to keep away from cholesterol finds himself automatically eut
off from the main sources of choline.

A low fat diet, while it may be poor in choline, need not
cause any deficiency of lipotropic factors, provided it be
rich in animal proteins, since the latter supply an abundance
of methionine, which the body can convert into choline.

Dietary deficiency of choline and other lipotropie factors
is known to result in increased produetion of fat by the liver
from carbohydrates. This not ouly causes fatty infiliration of
the liver but also ecauses the accumulation of cholesterol.

Dietary deficiency of such ¢‘lipotropic’’ substances as
lipocaie, methionine, eholine, inositol and animal protein causes
fatty liver and cirrhosis in animals under certain conditions.
The evidence relates these events to a defect in phospholipid
gynthesis by the liver that accumulates fat in large amounts.
Phospholipid synthesis is stimulated by administration of

AwmEeRr, Jour. Dic. Dis.
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clioline or of methionine, the latter providing methyl groups
for the synthesis of choline. This fundamental work does not
specifically indict deficiency of any of these nutrients in the
pathogenesis of liver disease in man although, as pointed
out above, improper food consumption unquestionably plays
an important role. Generally, diets of persons in whom fatty
liver and cirrhosis develop, whether associated with alecoholism
or not, are, as noted above, deficient in protein, especially
that of animal origin. This deficiency includes methionine,
choline, and the other nutrients usually classed in the vitamin
B complex. The evidence ineriminating dietary faetors in the
pathogenesis of liver disease in animal experiments is neces-
sarily more specific than that in man, but the two bodies of
evidence are compatible.

SIGNIFICANCE OF LIPOPROTEIN COMPLEX

Chylomicrons are minute fat globules in which form fat is
absorbed from the alimentary tract. The fat contained in the
diet enters the blood stream by gateways provided in the
small intestines. Some of it escapes the splitting action of the
bile and may penetrate directly into the lymphatic outposts,
called the lacteals, situated in the intestinal projections known
as villi. The rest is prineipally split into fatty acids and gly-
cerine. Then fatty acids enter into the composition of lecithin
and other ‘‘phospholipids’’ and combine with relatively in-
soluble cholesterol in the bile and in the digestive food itself
to form cholesteryl esters which are readily absorbed into the
Iymph channels. These take the fats and other lipids to the
blood stream, where they are suspended in particles about one
micron in diameter known as the chylomierons.

Gofman and his associates (19, 20), by analytical ultracentri-
fugation, had been able to study quantitatively the entire
speetrum of lipid and lipoprotein components of sera. Four
classes of chylomiecrons have been deseribed on the basis of
the Svedberg flotation rates:

St 3-8 Normal components of all sera.

Chiefly phospholipids, lipoprotein and eholesterol.
Relatively constant for each individual, vary be-
tween individuals. Do not fluctuate with meals
or disease.

Sf 10-20 Stable on given diet, not affected by individual
meals.

Contain 30 per cent cholesterol.

Possibly related to the occurrence of atheroscler-
osis.

Sometimes Sf 20-30 are found with the Sf 10-20

group.

Major fraction during alimentary lipemia.
Greatly modified by meals.

St 30-70

St over 75 Represent the chylomicrons and other large ag-
gregates.
Increased after fat meals and are part of ali-
mentary lipemia.

FUNCTION OF THE LIVER IN FAT METABOLISM

Liver plays an important part in the metabolism of fat
as evident by the following facts: (1) The liver extensively
desaturates fatty acids (21). The fatty acids in the liver are
more unsaturated than the fatty acids found in other tissues

50 :i (22, 23). Saturation of unsaturated fatty acids has also been
- - B T shown to oceur, producing evidence that saturation and de-
B R saturation of fatly acids in the mammalian organism is a
RN NE physiological reversible process (24). (2) Neutral fat or
& cholesterol esters may accumulate more in the liver than in
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Fig. 5: Graphie representation of arithmetic mean of serum
lipid pattern of normal male and female patients. Percentages
are in terms of total lipid values. Milligram percent per 100
ml, serum, as determined.

Fig. 6: Scatter graph of relationship between phospholipids
and cholesterol in fifteen normal individuals. A-B represents
range arithmetic mean.
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any other tissue. (3) Ketogenesis oceurs echiefly in the liver
as a result of the oxidation of fatty acids and is the chief
site of formation of ketone bodies (25). (4) The rate of
phospholipid turnover in the liver is more rapid than in any
other tissue, with the possible exception of the intestinal
mucosa during fat absorption. The liver appears to act as a
sorting point for fatty acids and a great ecentral laboratory
in which phospholipids for the tissues are assembled (26).
(5) With respect to steroids, the liver exercises three fune-
tions: a) The excretion of cholesterol in the bile; b) The
formation and exeretion of cholic acid; ¢) The destruction or
inactivation by conjugation of steroid sex hormones. The liver
esterifies, synthesizes, stores, and destroys cholesterol (27).

METHOD oF STUDY AND MATERIAL

Patients were chosen who were clinically diagnosed
as not suffering from any organic disease especially
of the cardio-vascular and coronary systems. The diag-
noses were mostly functional dyspepsia and psychoneur-
osis. No food nor liquids were permitted after the
evening meal of the preceding day. Fasting, non-oxa-
lated hlood was obtained the iollowing morning, being
certain that the patient was at ease, not following any
exercise nor effort. Duplicate samples were determined.
At least 15 cc. of blood were drawn for lipid fraction
and liver studies. The lipid phosphorus (lipid esters of
phosphoric acid) was determined by the Youngburg
modified digestive method (28). As mentioned above
lipid phosphorus was one of the phosphorus fractions
existing in the blood in organic combination (5).

It has been shown that the average blood phospholipid
contains four percent of phosphorus, Therefore, multi-
plying by the figure 25 will give the approximation of
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Fig. 7: Scatter diagram of relationship between normal
cholesterol and phospholipids. A-B represents range of arith-
metic mean.
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the weight of the blood phospholipid fraction. Since
phospholipids are present in the blood mostly in the
form of lecithin, the miolecular weight of lecithin is
utilized for the determination of phospholipids.

Molecular weight of lecithin (805.7)
Atomic wt. of phosphorus (31.2)

Bt

Total lipids were calculated by the gravimetric modi-
fied Bloor method (29).

Total cholesterol and cholesterol esters were deter-
mined by the Leiboff method (30). The term cholesterol
ester as used clinically is the amount of cholesterol
not precipitated by digitoxin and is expressed in terms
of cholesterol. In order to express the value of cho-
lesterol ester in terms of actual weight, a factor of 1.67
1s utilized. This fhgure is obtained by dividing the
molecular weight of cholesterol oleate by the molecu-
lar weight of cholesterol. It is customarily accepted
that most of the cholesterol ester of the blood is in
the form of cholesterol oleate. This factor of 1.67 is
applicable to cholesterol oleate and stearate.

648 (Wt. of 1 mol. cholesterol 4 1 mol. oleie acid ("H20>
384 (Molecular weighkt of cholesterol)
= 1.67.

Cholesterol ester (as chelesterol) X 1.67=actual
weight of cholesterol ester in mgms. or esterified cho-
lesterol as cholesterol oleate (termed esterified cho-
lesterol by some).

At the present time, there is no practical method to
determine neutral fats directly. Neutral fats are ob-
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tained indirectly by subtracting from the total lipid
values, the weights of the phospholipid fraction, free
cholesterol fraction and the esterified cholesterol as
cholesterol oleate fraction.

Lipid fraction percentages were obtained by divid-
ing the weights of the various lipid fractions by the
total lipids.

Liver function methods performed were those of
the thymol turbidity test of Maclagan (31), cephalin-
cholesterol flocculation test of Hanger (32) and the
total protein, albumin-globulin values by the Tryrosine
method of Greenberg (33). Sedimentation values were
performed by the Westergren method (34). Complete
blood counts were calculated to exclude any blood dis-
turbance. Height, weight and type of constitution were
noted.

REsULTS

Fifteen normal patients were studied as controls,
which included nine females and 6 males. The average
age was 46 years; height 62.8 inches; and weight 135.8
pounds. Sthenic (normal) type of constitution predomi-
nated, as well as the female sex. Table I shows the values
of each normal patient, as well as the arithmetic mean for
the group. Values varied regardless of the sex, age group,
or constitutional status. The highest values for total
lipids were found in both the young and the old, male
or female and were concomitant with the higher values
for lipid phosphorus and phospholipids. The highest
total lipid values did not occur concurrently with those

9.5
L »
L]
LI e T
L. -
I e T e
8.9 -
2
. L] .o
g
TR | Mgl | 1 1
1=
-
|
£.5fe—
£
]
B .
g
5.1?- .....
a .
PIY I T P i N I [P I P 0 O N S A ) A .-
1.9 et
.
I L
1.5 A | Free C =
(13 80 a8 70 75 0

Fig. 9: Scatter graph of lipid phosphorus and free cho-
lesterol in mormal male and female patients. A-B represents
area of arithmetic mean,

of the total cholesterol values and were independent
of the high values for neutral fats (Table 1). The ratio
of the cholesterol esters (as cholesterol) .61.29 and
free 38.8% of the total cholesterol values were found
to be within normal range.

TABLE 11

VARIATIONS FROM THE ARITHMETIC MEAN AND
RANGE OF THE LIPID FRACTIONS IN MILLIGRAMS
PER 100 ML. OF SERUM

Lipid Arithmetic Values
Constituent Mean Highest TLowest Range
Free cholesterol 76 90 60 30
Phospholipids 218 242 195 47

Esterified cholesterol
(cholesterol oleate) 202 227 177 50
Neutral Fats 365 465 261 204
Free cholesterol shows the least deviation from the
range. Phospholipids and esterified cholesterol reveal

practically the same range, while the neutral fats show
the highest (see Table II).

TABLE [II

VARIATIONS FROM THE ARITHMETIC MEAN AND
RANGE OF THE LIPID FRACTIONS IN PERCENTAGES.

Lipid Arithmetie Values
Constituent Mean Highest Lowest Range
Free cholesterol 9.1 12.2 7.4 4.8
Phospholipids 25.3 28.2 23.4 4.8
Esterified cholesterol
(cholesterol” oleate) 23.5 27.8 20.5 7.3
Neutral Fats 42.1 47.7 36.1 11.6

If the percentage values of the lipid fractions are
considered (Table IIT) the free cholesterol and phos-
pholipids present the same range values (4.8); esteri-
fied cholesterol higher (7.3) ; while the neutral fats are
highest (11.6). The variations of the range for neutral
fats is much more striking for the molecular weight
values, 204 mg. (Table II) than when the percentage
values are considered, 11.6 (Table III).

Figures 1, 2, 3 and 4 show the marked normal
variations. The graphic representation (figure 1) of
free cholesterol appears to vary more than that of neutral
fats (figure 4) in spite of the numerical values obtained
of the arithmetic mean and range (Tables IT and 1IT).
Since the graphic representation shows such normal
deviation of lipid fractions one must be very cautious
to evaluate any therapeutic effects upon abnormal
conditions and disease. However, as with any such
variation one must compare the “so called” arithmetic
mean (average normal) values with those which may
be encountered abnormally. The arithmetic mean for
lipid fraction percentage is graphically presented in
figure 5 showing free cholesterol to be the least (9.1%) :
esterified cholesterol (23.5%) ; phospholipids (25.3%).
The neutral fats are found to be the highest of the
lipid fraction percentage, 42.1% (figure 5). The esteri-
fied cholesterol (cholesterol oleate) 23.59% almost ap-
proximates the values of phospholipids 25.3%. The
free cholesterols were approximately 109 of the total
lipid values. The esterified cholesterol (as oleate) and
phospholipids constituted about 50% of the lipid values
(figure 5). The ratio of the phospholipids to total
cholesterol (figure 6) varied more than the ratio of
total cholesterol to phospholipids (figure 7). One can-
not speak of a constant value for these relationships. It
heconies erroneous and dangerous to signal an in-
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dividual for atherosclerosis or overt coronary disease
because the ratio value of phospholipids to cholesterol
or vice versa is above or below 1.00 (35, 36, 37). Even
the ratio of free cholesterol to phospholipids (37)
(figure &), or lipid phosphorus to free cholesterol
(figure 9), or lipid phosphorus to total cholesterol
(figure 10) are not as constant as some report (38).
Thymol turbidity and cephalin-cholesterol floccula-
tion tests showed no abnormal values. The total pro-
tein values, with the albumin and globulin partitions
as well as the albumin-globulin ratios were within nor-
mal range (Table I). The above laboratory data
definitely excluded liver pathology and hypoproteinemia.

Discussion

Both the lay and medical publications have been
on the increase recently as to atherosclerosis, coronary
artery disease, and the values of blood lipid studies.
Patients have hecome so cognizant as to request “hlood
fat studies.” Lxperimental work has been done pro-
ducing lesions of atherosclerosis akin to that found
in humans by chrouic cholesterol feeding.

Numerous publications have mentioned the values
of cholesterol and phospholipids, in both normal and
abnormal conditions, whether with or without therapy
(39, 40, 41, 42, 43). It was felt that normal individuals
should first be studied to ascertain the constancy and
variations of the blood lipid values. It is important that
such determinations be made so as to obtain a base
line for comparison.

The results for normals showed the female sex
predominated as well as the normal sthenic habitus
with no visible influence upon lipid values. One of
the highest lipid values (912 mgm. percent) was found
in an underweight patient with an asthenic habitus
(case No. 31). The average value for total lipid was
encountered in a well built individual with a hyper-
sthenic constitution. The ratio of phospholipids to cho-
lesterol was found to be more than 1.00 in a 72 year
old female (case No. 31); surely some atherosclerosis
must have been present in such an aged individual. If
one were to rely on a ratio value of phospholipids to
cholesterol of less than 1.00 as being characteristically
found in atherosclerosis, one would he misled. The
patient (case No. 31) age 72 showed a phospholipid
to cholesterol ratio of 1.10, which many observers
maintain is found in non-atherosclerotic individuals. If
malnutrition were to play a role, a value of less than
1.00 should be obtained in such an underweight per-
son as this 72 year old female (case No. 31).

On the other hand, the lowest ratio of phospholipids
to cholesterol (0.96) was found in a young female, age
22 (case No. 45). While it would be exceptional and
rare to find overt atherosclerosis in such a young in-
dividual, yet such a condition would be considered
by some to be present, if the ratio of phospholipids to
cholesterol is less than 1.00.

However, one must state that the ratio of phospholipid
to cholesterol is 1.00 and ahove in normals (13 out of
15 patients—86% ). But, one cannot deny that some
atherosclerosis must be present in some of these nor-
mal patients studied as controls, ranging from 50 to
72 years of age. Is it correct to conclude because the
phospholipid to cholesterol ratio is 1.00 and above, that
no atherosclerotic process is present?

The ratio of cholesterol to phospholipid was found
to be less than 1.00 in the same number of instances,
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13 out of 15 (86%). The arithmetic mean for the
phospholipid to cholesterol ratio was found to be 1.10;
while that for cholesterol to phospholipid 0.96. The
larger phospholipid to cholesterol ratio occurred where
the lipid phosphorus or phospholipid values were com-
paratively higher than the highest total lipid findings.
The higher cholesterol to phospholipid ratio was found
where the phospholipid values were lower and independ-
ent of the highest total lipid findings.

Complete blood counts excluded any latent or pos-
sible haematological disturbances. Liver function tests
as mentioned above under methods, excluded any liver
pathology, especially protein dysfunction and hypopro-
teinemia.

Lipid constituents commonly encountered and readily
analyzed without any complicated procedures were
determined, such as lipid phosphorus, total lipids, total
cholesterol and cholesterol esters as cholesterol. The
phospholipid values were calculated from the lipid
phosphorus values and the neutral fats, as mentioned
under methods. It has been shown without any question
or any doubt that total cholesterol values do not be-
speak for any increased or decreased total blood lipid
values. It becomes essential to consider these varied
lipid components if we should speak of any such dis-
turhance. Values for phospholipids and cholesterol also
are not sufficient to reflect the total fat or lipid constitu-
ents of blood. All of these lipid fractions may vary.
While it is true that the ratio of the phospholipid to
total cholesterol or vice versa are more constant than

3.5 3
9.4 e
3 T
|
3.2 . ! -
bt i 1 AL L]
9.
5.9 IPSCR I [ N N N AN N A NN I |
8.5 L ]
n
8712 - —_—
ko
o
8 -4 |
% :
E |
. ] !
.5 [, .
- 1 ;
s.u |k 9 . :
P N S N 4 ]
1 n-
R }
B
hi | 1
s b4 L1 !
|
g J |
W B . B . gttt 1L ]
; »
POp Y S SNE W — . 8
_/a Cholestedol = mg. per 100 ml| | |
7.5 TEE 190 108 300 ®E D0 33 ) T

Fig. 10: Scatter diagram of relationship between lipid phos-
phorus and cholesterol in normals. A-B—region of arithmetie
mean,



18 Stenies oF Broob Taemn METARBOLISM

the individual lipid constituents, yet one may encounter
a ratio in normal persons that some may consider char-
acteristic for atherosclerosis or coronary artery disease.
One must use caution and discretion as shown above
in cases No. 31 and No. 45. Some objections may be
raised that the values herein reported are not scien-
tifically accurate since many determinations over a
prolonged period may show variant results. While this
may be true, yet it is essential as clinicians for us to
know the limitations to be employed for clinical practice.
Patients will not withstand such extravagance, drawn
out laboratory procedures, and time. It is important
therefore for practicing physicians to draw the line;
utilize his arithmetic mean values, and proceed there-
from.

Animal experimentation and prolonged laboratory
work cannot be carried on ad infinitum in clinical prac-
tice. Differences in values of the concentrations of lipids
in the blood may arise from difference in analytical tech-
nique; unreliability of certain methods employed, and
the terminology of the constituents such as designating
total fatty acids as ‘“‘fats and neutral fats” or neutral
fats as “total fatty acids” (44).

SUMMARY

1. Fifteen normal patients were studied as controls
including 9 female and 6 male. The age varied from
22 to 72, with an average of 46 years. Constitutional
types were 9 sthenic; 4 asthenic; and 2 hypersthenic.

2. Serum lipid studies included lipid phosphorus,
phospholipids (twenty-five times the value of lipid
phosphorus), total cholesterol, cholesterol ester, and
total lipids. The values for esterified cholesterol (as
cholesterol oleate) were obtained by multiplying the
cholesterol ester values by the factor 1.67.

3. Liver disturbances were excluded by the liver
function tests of thymol turbidity; cephalin-cholesterol
flocculation ; total protein, albumin and globulin ratios.

4. Haematological disturbance was excluded by com-
plete blood count determinations and inflammatory proc-
esses by the sedimentation rate.

5. Neither sex, constitutional status, nor age had
any effect upon normal blood lipid values.

6. There was marked variation of each lipid fraction
percentage of cholesterol (free and ester as oleate),
phospholipids, and neutral fats. Addition of these values
corresponded to total lipids determined. Cholesterol
oleate (esterified) and neutral fats showed the greatest
variations.

7. Total cholesterol values are not indicative of total
blood lipid elevations.

S. Neutral fat values are independent of high or
low lipid phosphorus, phospholipid or cholesterol values.
Ratios of phospholipids to cholesterol did not speak for
the higher neutral fat percentage. Higher neutral fat
percentage values may be found in some normal cases
of low phospholipid-cholesterol ratios.

9. The ratio of phospholipid to total cholesterol or
vice versa may vary and cannot be considered abso-
lutely suggestive of atherosclerosis or coronary artery
disease. High ratio values above 1.00 of phospholipid
to cholesterol may be found in older individuals, while
ratios of phospholipids to cholesterol below 1.00 may
be encountered in the young age group. The ratio of
phospholipid to cholesterol may not be a mirror image

of the highest blood lipid values. While higher phos-
pholipid cholesterol ratios imay be due to lesser cho-
lesterol values rather than higher total blood lipid find-
ings, yet generally the phospholipid values correspond
to the higher blood lipid findings.

10. The ratio of cholesterol to phospholipid was found
helow 1.00 in some normal patients. The ratio of free
cholesterol to phospholipid or vice versa was not {found
to be more constant than the ratio of phospholipid to
cholesterol.

CoNCLUSIONS

1. Serum lipid fractions as lipid phosphorus, phospho-
lipids, cholesterol, cholestero! as oleate (esterified),
neutral fats, and total lipids were defined and de-
termined in normal male and female patients, twenty-
two to seventy-two years of age. These serum lipid
fractions must be determined to reflect the true blood
lipid state.

2. There is a marked variation from the arithmetic
mean of the normal serum lipid fractions.

3. Neither total cholesterol alone nor cholesterol and
phospholipid determinations teflect high blood lipid
changes.

4. The ratio of phospholipid to cholesterol above 1.00
may be encountered in older individuals and below 1.00
in the young age group.

5. One must determine the arithmetic mean values
as a base line, because of the variations of the normal
serum lipid fraction percentage; the difference in
technique ; and the variation in the terminology of cer-
tain blood lipid constituents.
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SIGMOIDO-RECTAL INTUSSUSCEPTION
AND THE UNSTABLE. COLON¥*

Earin Graver, M. D. New York, N. Y.

CONSIDERABLE portion of patients seen in

private or clinic practice complain of disorder of
colon function. Symptoms have to do mostly with
disturbances of the excretory function. These may ex-
press themselves by decreased activity of the bowel
under sympathetic stimulation which results in dehy-
drated and less frequent evacuations, i. e, chronic
constipation. Chronic non-inflammatory diarrhea, the
passage of excess flatus and mucus and constipation
alternating with diarrhea are less frequent manifesta-
tions of increased secretion and motility of the large
bowel acting under the influence of parasympathetic
stimulation. The inclusive term, “unstable colon” was

*From the Surgical Service (Proctology). Trench Hospital,
N. Y.
Submitted July 12, 1951,
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introduced by Kantor (1) to apply collectively to these
disturbances.

Chronic constipation has been classified as “colonic”
and “rectal.” Colonic constipation results from in-
adequacy of purposeful caudad peristalsis in the large
howel ; it is most often spastic thongh the atonic form
follows ahdominal surgery, pregnancy and severe
trauma.

Rectal constipation denotes a failure of the rectum
to empty itself. TTurst termed this type of difficult de-
fecation “dyschezia.” Tt most commonly results from
the loss of sensitivity to the defecation reflex, the “call
of nature.” Repeated “holding back” to suit the hur-
ried pattern of contemporary urban life soon results
in increased passive tolerance of the normally empty
rectum to mechanical distention by the fecal mass.



