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The serum lipids are current subjects of great interest, espectally,
in the etiologies and courses varicties of diseases. Therefore, it is
whorthwhile to review their biochemical and elinical view - points before

applying them for clinical purposes.

According to Bloor, (I) the classifica- 1. Phospholipids : lipids containing
tion of the lipids which is generally phosphoric acid and, in most
accepted in the United States and with a cases, a nitrogenous base
few modifications, is as follows : 2. Glycolipids or cerebrocides; lipids

A. Simple lipids - esters of fatty acids containing carbohydrate and also
with various alcohols. nitrogen but no glycerol

1. Neutral fats and oils-triglycerides: 3. Sulfolipids : lipids characterized
triesters of fatty acides with gly- by possessing sulfate group
cerol. 4. Lipoproteins : lipids attached to

2. Waxes : esters of fatty acids plasma or other proteins

a. True waxes 5. Lipopolysaccharides : lipids at-
b. Cholesterol ester: esters of tached to polysaccharides

fatty acids with cholesterol C. Derived lipids : derivatives obtained
c. Vitamin A ester: palmitic or by hydrolysis of those given in group A

stearic acid ester of vita- and B

min A 1. Saturated and unsaturated fatty
d. Vitamin D esters acids

B. Compound lipids - esters of fatty 2. Monoglycerides and diglycerides
acids with alcohol plus other groups. 3. Alcohols
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D: Miscellaneous lipids
1. Aliphatic hydrocarbons
2. Carotenoids
3. Squalene
4. Vitamin A and B
The purpose of this paper is directed
to certain lipids that are commonly found
or involved in the diseases.
TRIGLYCERIDES : There are trie-
sters of trihydric alcohol glycerol and
various fatty acids. They are the most
abandant natural lipids. The biosynthesis
of triglycerides in the body appesrently
occurs primary in the liver. It is stored
in the adipose tissue. The epithelial cells
of the intestinal mucosa are active in this
respect.
Triglycerides do not function only as
a source of energy : but also solvent for
fat - soluble vitamins, aiding in the tran-
sport and function of these substances.
PHOSPHOLIPIDS : The phospholi-
pids, mostly produced by the liver, present
in all cells and are the second most
naturally occurring lipids. Most of them
are composed of fatty acids, a nitrogenous
base, phosphoric acid, glycerol, inositol
and sphingosine. They play vital roles as
constituents of cell membrances and factors
in regulating membrane permesbility. They
are present in the myelin sheath of nerve
cells and in electron - transport particles.
LIPOPROTEINS : The lipopreteins

are extremely important type of lipids
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because of their vital roles in the solubi-
lization and transport of water - insoluble
lipids in the plasma and other aqueous
fluids in the body. They are association
complex of varying proportions of trigly-
ceride, phospholipid and cholesterol. The
protein moicties are primarily formed in
the liver (4) and to some extent in the
intestinal mucosal cells. The lipid com-
ponent decreases the density of the lipo-
proteins. The differences in the content
of lipids and proteins among several lipo-
proteins result in difference densities and
permit their further scparation by ultra-
centrifugation. The lipoproteins also differ
in their electrical charge. This property,
in combination with differencs in size,
also permits separation of the lipoproteins
into specific bands by electrophoresis.

By their electrophoresis or ultracen-
trifugation, the plaema lipoproteins are
usually considered as 4 representing frmilies.

Chylomicrons - S ¢ greater than 400

Pre - Beta - lipoproteins - S¢ 21 - 400
(very low density)

Beta - Lipoproteins - Sfg0-20 (low
density)

Alpha - Lipoproteins - High density

The chemical composition of major
lipoproteins ; its relationship expressed by
various methods and its normal value are
shown in table I, II and fig. I. respectively.

CHYLOMICRONS :  These

fat particles have a density of 0.9. They

large
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are collected at top of plasma after left
standing for 16 - 24 hours at 0-4° c.
Most chylomicrons are considered to
represent exogenous triglycerides and can

cause= cloudy appearance of the serum.
PRE - BETA - LIPOTROTEINS :
These are very low density lipopro-

tiens (VLDL).

1.006. Pre-Beta-lipoproteins are apparently

Their density is less than

concerned mainly with the transport of
endogenous triglycerides. It consists
mainly of glycerides newly synthesized or
derived from body store rather than di-
rectly from the diet. It seems possible
that VLDL may be the only form in
which lipoproteins are secreted by the
liver and is not identical with those formed
in circulation in the case of cholesteryl
esters whicix are mainly synthesized by the
plasma lecithin (4). It is also found that
the lymph also contains VLDL syathe-
sized by the intestine. In fasting stage,
about haif of lymph triglyceride and cho-
leszerol is found in VLDL and these lipids
are not derived from the plasma but from
intestinal contents and mucosal synthe-
sis (5).

BETA - LIPOPROTEINS : They are
called low density lipoproteins (LDL) and
can be isolated between the densities of
1.006 and 1063 (Sg 0-20). Beta-lipopro-
teins appear to be the major transport

medium for cholesterol. Their major
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constituents are cholestercl and choles-
teryl ester ; the remaining components are
phospholipids, protein and glyceride.

The composition of the S; 0-20 lipo-
protein contain 3 classes; (6) HDL, LDL3
antigenic

shares

determinant with LDL, LDL-a-1, HDL.

and lipoprotein which

Helenius and Simons (7) removed LDL by
four differcnt detergents and found that
the lipid-free-proteins obtained still retained

the immune properties.

ALPHA - LIPOPROTEINS (2s more
specifically Alphai-lipoprotein) : Theee are
high density lipoproteins (HDL) being 1so-
lated at the densities of 1.063-1.21. They
contain about 50% of protein; lipid com-
ponent consists mainly of cholesterol and
phospholipids in the ratio of about 0.5 (by
weight). It is now established that the
mechanism of removal of lipoprotein and
triglyceride by the enzyme, clearing-factor
lipase ( lipoprotein lipase); occuring at
cepillary cells and that the free fatty acids
relessed then pass across the endothelail
cells into the tissues. (8)

FREE—FATTY——ACIDS : Protein
bound fatty acids or free fatty acids (FFA)
that circulate are albumin bound. The
normal concentration is (.3-0.6 mEq/l
with the average of 0.4 mEg/l. (9) They
are important in meeting caloric demands

and have most labile concentration. The

FFA concentration is elevated in starva-
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tion, excercise, emotional stress, low-tigsue
insulin activity and hyperthyroidism. Nico-

tine, caffeine and injection of epinephrine
also raise the plasma FFA level. The
effect is produced by the stimulation of
lipolysis of triglyceride in adipose tissue.
The FFA level parallels the blood
glucose level in diabetes, and in some ways
is a better indication of the severity of

the diabetic stage: (10) In diabetic acido-
sis, the level of FFA may rise to 1.5
mEq/l, returning to normal after success-
ful treatment with insulin. The FFA
released from adipose tissue in excess of
those utilized by muscle, liver or other
tissues mainly reappear in plasma as -en-
dogenous glyceride:  Fhe FFA may cause
intravascular thrombesis, but this has been
demonstrated only in very high concen-
trations.

BIOLOGICAL VARIATION : The
fasting levels of the different plasma lipids,
vary considerably between different indivi-
duals, population and also from  hour to
hour and day to day in one and the same
individual.

Genetic, sex, age. diet, posture, veno-
stasis, different environment, excercise,
emotion, pregnancy and smoking pay in-
fluence in the plasma lipid levels. Tag-
gart and Carruthers (11) showed that
among racing drivers, free fatty acid levels
were elevated for one to three minutes

before the start and were maintained up
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to one hour after the race. The trigly-
ceride levels were slightly elevated after
the event and continued to increase and
reached a peak at one hour.
CLASSIFICATION OF HYPERIPIDEMIA
AND HYPERLIPOPROTEINEMIA
The proposed chemical classification
provides and approach to the etiologic and

to the pathogenetic factors of disesses.

HYPERLIPIDEMIA :  This term

refers to an increase in concentration of
any plasma lipid constituents. For prac.
tical purpose, usually it is confined to

cholesterol or glyceride or both.

The analysis of cholesterol and trig-

lyceride also provide

some information

about the type of hyperlipoproteinemia

because the proportion of these lipids
varies from one lipoprotein family to an.

other.

Winkleman et al recommended

that cholesterol and triglycerides should
be routinely determined in the laboratory
for testing of phenotyping of lipoprotein-
emia. The analysis must be performed
in the same specimen to be run for elec-
trophoresis in order to provide satisfactory
accuracy. They could not classify a
number of serum specimens because of
the subjective interpretation of the posi-
tive and intensity of lipoprotein bands as
due to the poor repreducibility and Jimited
ability of the techinque to have a clear

seperation between Beta and pre- Beta-
bands. (12)
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Three general types of hyperlipidemia
that roughly coresponds to certain types
of hyperlipoproteinemia are : -

1. High cholesterol concentrations and
normal triglyceride concentrations - this
group is also called * pure hypercholes-
terolemia . It to corresponds to hyper -
Beta - lipoproteinemia.

2. High cholesterol concentration and
normal triglyceride concentration - this
group usually corresponds to either ** pure

¥

hyperchylomicronemia ™ or hyperpre- Beta-
lipoproteinemia.

3. High cholesterol and high trigly-
ceride concentrations - all of these major
types of hyperlipoproteinemia, except ‘‘pure”
hyper - Beta - lipaproteinemia, may occur
in this group. The classification of this
third group is based on types of lipopro-
toins.

HYPERLIPOPROTIENEMIA : For
the sake of simplicity, the patterns or
types of abnormal lipoproteins can be

numbered according to the system of
Fredrickson and colleagues, as shown in
table III.

The plasma obtained from patient
with either type [ or type V hyperlipo-
proteinemias i characterized by a creamy
layer separating over a clear (type I) or
turbid (type V) plasma.  Typer II, III,
IV are characterized by a turbid plasma.

Typeo I and II, are induced by fat

~feeding whereas type IV is carbohydrate
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induced. Typer 11, III and V are in-
duced by feeding both fat and carbohy-
drate.

Type I. Hyperchylomicronemia

Criteria : 1. Chylomicron pre-
sent in excessive amount.

2. VLDL (pre-Beta-lipoprotein)
normal or only slightly increased. This is
partly due to the difficulty of separating
these two lipoprotein families. The
amount excess to VLDL, however, is
always far less than overwhelming amount
of chylomicrons ( Alpha - Beta - lipoproteins
are always decreased ).

Type 1L
guished into two subtypes.

IT, only LDL (Beta-lipoprotein)

This type may be distin-

is increased but
I, both LDL (Beta-lipoprotein)
and VLDL (pre - Beta - lipoprotein) are in-
creased.
The presence of Il in plasma may
raquire additional treatment to that re-
quired for ‘“ pure” hypercholesterolemia.

In II, plasma cholesterol is usually

increased; plasma triglycerides are normal;

cholesterol[triglyceride is always more than
153

In Il plasma cholesterol is usually
increased ; plasma triglyceride is always
increased; cholesterolftriglyceride is wvari-
able (not diagnostic).  Alpha - lipoproteins
are usually normal ( diagnostic only if ac-

companied by estimation of LDL and
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VLDL concentration ).

Typer I1I. “floating Beta” or ‘‘broad
Beta'' pattern (lipoproteins of Beta mobi-
lity, floating at density of 1.006).

Criteria. Presence of ‘‘floating Beta™
*‘ Beta- (VLDL)"” or with abnomal Bera-
lipoprotein and abnormal high cholesterol.

Cholesterol | Trigiyceride may vary
from 0.3 to 2.0

Plasma triglycerides are (nearly) always
increased.

Electrophoresis shows a “broad”” band
extending from the Beta position into the
pre - Beta - position.

This type III lipoprotein msy be sus-
pected when a cholesterol/triglyceride ratio,
especially when repeated analysis, shows
marked lability of both cholestero! and
triglyceride concentrations; and a *“ broad

Beta ' band appears on conventional elec-
trophoresis.

Type IV. Hyperpre-Beta-lipoprotein-
emia.

Criteria. 1. increased VLDL

2. no increase in LDL
3. chylomicron absent (diag-
nostic)

If the plasma cholesterol is difinirely
normal, triglycerides are clearly increased
and there no chylomicrons visible on
standing plasma, the ascertainment of type
IV is fairly certain. The accuracy is
enhanced if electrophoresis reveals distict

pre - Beta band and diminished Beta band.
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Typet V. Hyperpre - Beta - lipoprotein
emia and chylomiccronemia.

Criteria : 1. VLDL increased

2. Chylomicron present

Additional useful clinical data : Cer--
tian clinical findings are helpful in detect:
ing hyperlipidemia and sometimes the pre-
diction of the type of hyperlipoprotein can-
be made clinically.

e.g. Lipid deposit xanthomsas, almost-
invariably, indicate hyperlipoprotein of long
duration.  They usually indicate hyper--
Beta - lipoprotein and almost always imply
to familial type II hyperlipoproteinemia.

Xanthelasma is frequent in type IT’
and sometimes occurs in type III, but it
may be seen in the bsence of hyperlipo-
proteinemia or hyperlipidemia.

Arcus cornea (arcus senilis) if occurs=
before the age of 40 years implies to-
f milial type II hyperlipoproteinemia.

Pancreatitis or recurrent abdominal’
pain should lezd to a suspicion of severe-
hyperglyceridemia ( type I or V).

Ischemic heart disease and other vas--
cular accidents in young relatives of the-
family with such diseases are wusual in:
familial type II and type IV hyperlipopro- -
teinemia.

( Diabetes is often seen in famlilies-
with type IV and type V hyperlipoprotein-
emia. In diabetic family, these disorders-
may occur long before the patient becomes-

diabetic ).
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The useful laboratory data are thyroid
function, glucose tolerance, urinary protein;
plasma protein lelectrophoresis, immune
globulin quantification, liver fuction and
uric acid.

Etiology of Hyperlipoproteinemia :
When the pattern of hyperlipoproteinemia
is established, the etiology must be con-
sidered whether it is primary or secondary
hyperlipoproteinemia.

Secondary hyperlipoproteinemias are
commonly associated with

1. Hypothyroidism

2. Diabetes

3. Nephrotic syndrome

4. Biliary obstruction

5. Pancreatitis

6. Dysglobulinemia including auto-
immune hyperlipoproteinemia.

The lipoprotein patterns in such dis-
eases are shown in the table IV.

Primary hyperlipoproteinemias are due
to genetic defects in lipid or lipoprotein
metabolism or to environmental factors
through an unknown mechanism including
diet or alcohol, and drugs causing hyper-
lipidemia e. g. steroids.

Familial hyperlipoproteinemias  ob-
viously need not be inheritable if it is due,
for example, to pattern of excess in diet
or alcohol intake that have been acquired
by close relatives.

Clinical syndromes of hyperlipoproteinemias

Primary ( Familial ) type L
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The key clinical features of this
familial syndrome are early expression of
bouts of abdominal pain and other accom-
paniments of severe hyperlipemia Jow post
heparin-lipolitic activity (PHLA) and auto-
somal recessive trsnsmission. Yellow
papules with reddish bsse may appear on
the skin and oral mucosa. Liver and
spleen are enlirged, while retinal vessels
(lipemia retinalis) may be seen. Blood
sample shows ‘‘creamy’ appearance en
the top. In children, if fat-free milk only
is fed, the lipemia will be cleared drama-
tically within the day. The xanthoma
will shortly resolve, the liver and spleen
will decrease in size, abdominal discomfort,
then, will disappear finally. In adults,
sometimes the abdominal discomfort simu-
lates immediate surgical conditions and

undergoes unnecessary surgery.
In this type, oral or intravenous glu-

cose tolerance shows no abnormality. This

differs from other * fat-induced”

(type IV and V).

type.

Diagnosis can be made by the follow-
ing steps i-
1. Identification of the type I lipo-
protein pattern
2. Glyceride accumulation is imme~
diately related to dietaty fat intake.

3. Plasma heparin - activity

(PHLA) is low

post

Type 11. Hyperlipoproteinemia



High Beta-lipoprotein can be a resul-
tant of diet or secondary to hypothyroi-
dism and other diseases.

The second feature of type II pattern
is associated with a modest increase in
pre - Beta - lipoprotein.  Femilial type II
may be due to a mutation at the same
genetic locus, heterozygote; xanthomatosis
and atheromatosis are frequently seen.

[siagnosis. A triad for diagnosis is

1. Hyper - Beta - lipoprotein

2. Familial history of type [T lipo-
proteinemia as an autosomal dominant
trait.

3. Xanthomatosis

Practically (1) with (3) is adequste
enough for diagnosis.

The most characteristic manifestation
is tendinous xanthomas located particulary
in the Achille tendons, and the extensor
tendons of hands and feet. But important
clinical features of familial type I are
autosomal dominant snd usually accom-
panied by palpebral, tendon and xanthe-
mas, corneal arcus and accelerated arthero
sclerosis. Glycerides (pre-Beta-lipoprotein)
may be moderately elevated; PHLA is
normal and glucose tolerance is usually

normal.

Clofibate has less effect on plasma
cholesterol in typer II, the most effective
and least toxic agent is cholestyramine, a

nonabsorbable exchange resin that stimu-
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lates cholesterol catabolism to bile sait by
preventing their reabsorption from ileum.
By using this drug, the rate of synthesis
of cholestero] is less than that of catabo-
lism, therefore, the net effect is the
decrease ef plasma cholesterol. Conversely
in homozygote, cholestyramine does not
decrease plasma cholesterol since the en-
dogenous synthesis of cholestero] will in-
crease to compensate for the increased
catabolism to bile salt. An attempt to
overcome the increased endogenous syn-
thesis by nicotinic acid plus cholestyra-
mine seems promising. (4)

Typer I1I. Excess of lipoprotein that
has Beta mobility but abnormally low
density manifests by hyperchelesterolemia
and hyperglyceridemia. The lipoprotein
levels are quite semsitive to changes in
the content of the diet and the amount
of total calorics. Polyunsaturated fat diet
containing only 100 - 200 mg of choles.
terol/day may lower both cholesterel and
triglyceride concentrations for several fold
in a few weeks. Carbohydrate intoleran.

cerance is found in most patients.

Clisical manifestation besides arcus,
palpebral and tendon Xxanthoma, there
usually are palmar and tuberoeruptive
xanthomas. Advanced arteriosclervsis of
peripheral and coronary arteries is com-
mon. PHLA is rormal: if familial, it is

inherited as a recessive.
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Primary type IV. This is the hall-
mark of endogenous hyperlipidemia. It
implies that glycerides synthesized in the
body, mainly in the liver have been ex-
creted into plasma at the rste exceeding
the capacity for removal. It often suggests
that something has gene wrong with car-
bohydrate metabolism on caloric balance.
It is sometimes called *‘carbohydrate -
induced hyperlipemia”. It is mainfested
as hyper - pre - Beta lipoproteinemia asso-
ciated with an increase in glycerides and
commonly a 'rise in cholesterol ; normal
PHLA.

Severe type may show what described
in exogenous hyperlipidemis. The patients
are also subjected to develop bouts of ab-
dominal pain with or without chemical
signs of pancreatitis. Hyperuricemia is as
common as glucose intolerance. Familial
occurrence is seen in young children.

Secondary type IV. This can be seen
in diabzstes mallitus, pan-creatitis, glycogen-
storage disease, idiopathic hypercalcemis,
hypothroidisin  (but less common than
type II, dysglobulinemia, pregnancy and
contraceptive drugs ).

Type V.

both exogenous and endogenous hyperlip-

This is a combination of

emia. The commonest complaint is recur-
rent abdominal pain but the symptom
frequently appears in the late teen or third
decade a8 compared to that occurs in in-

fancy in type I. This is no relation to
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obesity or diabetes. PHLA is usually
normal but may be somewhat lower. (In
type L. distinctly low ). Glucose tolerance
is almost invariably abnormal. T.hin pat-
tern of hyperlipoproteinemia is often fami-

lial but there 2re ‘‘phenocopies’ secondary

to many disorders,

HYPERLIPOPROTEINEMIAS

Primary : These conditions are ex-
ceeding rare but have considersble impor-
tance.

Abetalipoproteinemia ( Bassen-Kornz-
weig Syndrome ). This disesse, inherited
as an autosoms] recessive, is characterized
by complete absence of LOL, VLDL and
chylomicrons. It is manifested by severe
malabsorption, beginning in early childhcod,
followed by progessive ataxia, nystagmus,
and visual

weakness impairment with

scotomas. These are related, respectively,
to inability to deliver trigiycerides ( due to
absence of Beta- lipoprotein) into the in-
testinal lymph, demyelination of spinoce-
rebellar tracts, posterior columns and oc-
casionally peripheral nerves and pigmentary
retinal degeneration ( atypical retinitis pig-
mentosa ). Other findings include theiny
of spiny red cells ( acanthocytes ) and fatty
liver {resulting from failure to export
triglycerides in very low density lipopro-
teins )

This disease should be considered in

any patient with hereditary ataxis. Treat-
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ment is limited to restriction of ordinary
fat and supplementation with fat soluble
vitamins. Medium chain triglycerides are,
however, well tolerated.

Alpha-lipoprotein Deficiency (Tangier
disease). This is homozygous state lead-
ing to diffuse deposition of cholestercl
esters in reticuloendothelial system with
enlargement of the tissues, especially, the
grossly enlarged tomsils (characteristic
orange color). Foam cells may be found
in the bone marrow. Usually the disorder
does not affect growth. No treatment is
available.

Lecithin - cholesterol Acyltransferase
Deficiency. This disorder has been found
in a Norwegian family. The effected sub-

jects have proteinuria, anemia, and corneal

FIGURE L
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deposits of lipid. HDL is almost absent
with moderste to large elevations of VLDL
and chylomicrons are present. Foam cells
can be found in the bone marrow and
renal glomeruli and increased concentrstion
of cholesterol and lecithin in the red blocd

cells are also present.

Secondary : These states are charac-
terized chiefly by hypobetalipoproteinemia
and are the result of malnutrition, malab-
sorption, or parenchymal liver disease.
Formation of LDL is decreased, presuma-
bly, due to decreased transport of exoge-
nous and endogenous trig'lyceridel. In
healtly individuals whose intake of calo-
ries and saturated fats is low, the con-

centration of LDL are also decreased.

The p asma lipoprotein spectrum segregated by paper electrophore-

sis (above) and by the ultracentrifuge (below) in which Sf or

(2)

floatation rates are inversely related to density.

CHYLOMICRONS

pre-p

Density
S¢

CHYLOMICRONS

]

4 by
e |
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TABLE L
Typical composition of major lipoproteins as expressed by percent

of dry weight.

Lipoproteins Protein Triglyceride | Phospholipid Cholesterol
Chyiomicrons 1.5 i 1.0 87 i b 9 i‘ 6 7 _l,_,' b
Pre-Beta 7% 5 65 £ 15 18t 8 16 & 7
Beta 23 % 3 10t2 22 43
Alpha 50 £ 5 28 30 18

(Adapted by Orten from data in Masoro, E.J. : Physiological Chemistry
of Lipids in Mammals, Philadelphia, 1968, W.B. Saunders Co., Vol. I.)

TABLE IL
Suggested *“ Normal Limits " of plasma lipid and lipoprotein concen-

trations in normal subjects.

Total Pre—~Beta—
Age | Sex Triglyceride Beta—lipo.| Alph-—lipo.
Cholesterol lipo.

—
0-19 120230 10—-140 5-25 50-170 30-—65‘ 30-70
20-29 120240 10—-140 5—25 60-170 35—70é 35-=75
30-39 140-270 10-150 5-35 | 70-190 30-—65' 35-80
40—-49 150—310 10—-160 5—35 80—-190 {30-65 40-85
50—59 160-330 10-190 10—40 80-210 30-65‘} 35—-85

(For practical purpose differences between sexes have been ignored

(3)

excepted of Alpha—lipoprotein concentrations).
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TABLE IIIL.

The major abnormal lipoprotein pattern (@)

and their type number.(')

Vol. 8 Ne. 2

2

e 547 Cuylomherone | LOL (and=1p T |t S
‘ (pre-Beta-1p)|  Beta-lp (b)

I +

I, i

I, it 5

I £

v ki

- 5 = |

a) Indicates which lipoprotein g family : (families) occurs in concen-

tration above mnormal in the different abnormal patterns.

b) also know as  broad Beta-lipoprotein %

TABLE 1IV.

Types of hyperlipoproteinemia associated with selected common diseases:

Disorder

Type of Hyperlipoproteinemias

Hypothyroidism
Insulin — dependent diabetes
(uncontrolled )
Nephrotic Syndrome

Biliary obstruction

Pancreatitis
Dysglobulinemia

Auto-immune hyperlipoproteinemia

11, IV
1,1, v (11, 1)

- FV-¥
Does not conform predictably to-
any of the major types
V. ¥
L 1L 1V, V, {111 )
1,0 1Y, Y, (11)
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