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CHYLOMICEOKNENMI A
Introduction

The etiology of atherosclerosis may soon be
unraveled by studies on the chylomicron. Chylomicrons,
small, briliiant, dancing bodies of the blood, have
again arous=ed the interest of research workers. Up to
date, they have been useful as a means of studying
postprandial fat digestion in health and disease. They
have been thought in the past to serve as toxin adsorb-
ers and have been suggested as the possible explanation
of the non-gpecific immunological properties of the
blood. But the role now being assigned to them as
possible etiological agents in atherosclerosis far out-
shadows 211 past roles.

Tur interest in the chylomicron was aroused
by an artlicle by Becker et al (1) in which that investi-
getor states thst there is a marked ¢ifference in post-
prandial chylomicronemia in the young and the aged, and
that this fact is relsted to the incidence of athero-
selerosis in the aged. Primarily because of this report,
Herbert P. Jacobi thought it would be interesting to
attempt to confirm Becker's work and to extend the work
to include voung diabetics. The aim was %o see whether

young diabetics have the same type of alimentary chylo-



micronemia as the aged of Becker's serles and, if they
do, then to see whether some chemical zgent could reverse
the chylomicronemia of the young disbetic to that of a
young non-diabetic.

As work began, it was found that knowledge of
the nature of chylomicrons was seemingly nowhere complete-
ly correlated; therefore it was thought advisable to
include in this paper a complete histcry of the chylo-
micron and then to give a report of the results of our

wWOoTrX.



History of Chylomicron Study
Early History

Aselius (2) in 1622 showed that the presence
of food in the small intestine could cause the chyle
and then the blood stream to become milky. But not un-
til 1770 did experiments by Hewson (2) show that the
milkiness was due to the fact that the fluids contained
a lot of fat, and it was this investigator who first
viewed microscopically the lipid particles. Seventy
years later, Gulliver (2,3) described the Brownian
movement of the lipid particles in chyle. He referred
to them as "the molecular base of the chyle." Both of
these men worked with the light field microscope. The
first dark-field observations were made by Edmunds (4)
in 1877. He thought the dancing particles of the blood
appeared similar to "motes in a sunbeam", but did not
venture to suggest their nature. In 1891 Munk and
Rosenstein (3) observed the dancing particles , thought
they consisted of fat, and named them fat dust. But in
1895 Kahne (5) concluded from his studies that the
particles simply represented protein contaminants from
the skin. The next year Mueller (3) in a report of his
observations referred to them as hemaconia but d4id not
add anything to the elucidation of their nature. Raehl-
mann (5) in 1905 and Newman (5) in 1207 confirmed the



presence of the particles, but could not definitely prove
their composition. Newman reiterated the idea that the
particles represented fat from ingested food. Raehlmann
considered them to be granules of disintegrated leuko-~
cytes. Thus, at the turn of the century, the question
of the nature of the dancing particles of the blood was

still obviously not answered.

Biochemistry

The actual deciphering of the physical chemical
nature of the chylomicron began with the work of Gage
and Fish in 1924 (2). These two investigators consider-
ed the particles to be 1lipid in nature because of the
following facts: 1) on prolonged standing in a slender
cylinder the particles rise and form a cream on top, which
can cause a grease spot; 2) the emulsion when dried and
extracted with ether gives a fatty substance on evapora-
tion of the solvent; 3) the particles have the iodine
number and refractive index of fat; 4) their number in-
creases in the blood stream after ingestion of fat, but
not after protein or carbohydrate ingestion. Xnudson
and Grigg (6) in 1923 confirmed the view that the chylo-
microns are associated with the fats in the blood by find-
ing that the 1lipid concentration increases when the number

of chylomierons have increased after a fatty meal. But

McDonagh (7) in 1927 and later Peters (&) thought that
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the particles were protein because of the precipitabil-
ity of the particles with complete saturation of ammonium
sulfate.

Frazer et al (9), basing their conclusions on
the light-reflecting power of the particle as observed
in the dark field, divided the particles into three
groupss brights, small brights, and dulls. After their
work was published, some workers published papers suggest-
ing that not all chylomicrons had the same chemical
nature. Cunningham and Peters (10), for instance, by
centrifuging pig serum at 15,000 rpm found the following
facts: the bright particles would concentrate on top and
the dull would precipitate outs; pancreatin would decrease
the number, but trypsin alone would notj ether could ex-
tract the large and the small bright particles, but not
the dull. Based on the above results, these men concluded
that the large and the small bright particles were neutral
fat and the small dull particles were protein. Today,
all three types of particles are considered to be lipid.
The credit for proving this fact is given to Frazer (11)
and Elkes (5), who performed carefully controlled fat
absorption experiments and blood chemical analyses.

Though recent investigators all agree that the
particles are 1lipid, they debate such questions as what
lipids are present and in what proportion. Workers tried

to solve these problems by attempting to correlate increases



in chylomicronemia with increases in verious lipid
fractions. ©No correlation has been found between choles-
terol or lecithin increments (3,6). There is a rough
correlation between increase in the chylomicronemia and
increase in neutral fat (%, 9, 11, 12). But this method
was not believed to be good enough to determine whether
small amounts of cholesterol were present in the chylo-
micron. Moreton {(13) and Becker(l) et al believe chylo-
microns consist predominantly of neutral fat but also
have about 3 % cholesterol. The presence of cholesterol
is severely contested by Gofman and his group (14,15).

He helieves cholesterol is carried in the blood by lipo
proteins which 2re not visible in the dark field. DMore
investigation 1s necessary before this point can be

decided.
Colloid Chemistry

The next important step in the unraveling of
the nature of the chylomicron was the recognition of these
1ipid particles as colloid entities. Ludlum (16) was the
first to recognize that chylomicrons formed a lipoid
emulsion in the blood and to decide tn study the nature
of the chylomicron through colloid chemical means. Know-
ing that when an emulsion particle is coated with a film
of protective agent its surface properties are those of

the film, Ludlum et al (3, 16) reascned that if the iso-



electric point of the chylomicrons could be determined,
the iscelectric point of the surfaoce film and thus its
nature would be known. The isoelectric point was deter-
mined first by noting the pH at which maximum floeccula-
tien occurred., It was usually found to be 5.1, half-way
between the iscelectric pH's of albumin and globulin.
Desiring to obtzin more accurzste results, the experiment-
ers used a cataphoretic method. The isoelectric point
was again found to be 5.1 . Further =vidence of the
protein nature of the surface film was had from experi-
ments in which such agents as 995% alcshol, ammonium
sulfate, and 1% alkali were used. These agents preci-
pitzted the protein film, causing the partiecles to
coalesce. These experiments clearly indiceted that the
surface fiim of the 1ipid particles was protein. Possi-
bly because early workers fziled to realize that the
1ipid particles coulc be coated by a protein film, they
consicdered the entire particle as prctein.

Ludlum (17) thought that the film was partly
albumin and partly globulin because of the iscelectric
pH found. But Elkes gt al(5) and Frazer (18, 19)
believe that the film consists only of globulin because
the maximum flocculation was found by them to occur at
pH of 5.2 and because half-saturation of ammonium sul-

fzte can cszuse the 1lipid micelles to coalesce.
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Ludlum (16) also was the first to suggest that
lecithin might be present at the interface between the
lipid micelle and the protein film. This concept is
alsc meinatined by FElkes and Frazer (20), who showed
that a phospholipid is an essential part of the stabil-
izing film of the chylomicron by forming colloid disper-
slons with and without the phospholipid. Because of the
work of Sincleir (20), Flkes believes that the phospho-
lipid is added in the intestinal cell. The significance
of the presence of the phospholipid will be discussed

later.
Physical Chemistry

Some of the physical chemical properties of
chylomicrons have been determined. The charge cn the
perticles has been determined by electrophcretic experi-
ments end found to be negative (5,11). The size of the
micelle varies. Gage (2) estimated the size to be between
1/2 micron and 1 micron with a few prerticles surpassing
the latter size, MNerling-Eisenberg (3), by a very special
method, found the dimensions of Gage to be approximately
accurate., The latter found that the dull particles
were about 35 millimicrons, the small brights 1/3 to 1/2
micron, and the large bright 1 micron., Frazer (11) also

believes the sizes to be in the above range.
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Origin

Gage (2) in 1924 stated that the particles
represented the neutral fat formed by the resynthesis
of fatty acids and glycerine in the intestinal cells.
This concept is essentially the same as the lipolytic
hypothesis of Verzar and McDougall (21, 22). These
writers state that after fat i1s completely hydrolyzed,
the resulting fatty acids pass intc the cells aided by
bile salts., In the cell triglycerides are resynthesized
after first being phosphorylated under thLe control of
the adrenal cortex., Several years after, the lipolytic
hypothesis was proposed. Frazer (23, 24) presented a
new theory of fat digestion, which would give a new
origin to the chylomicron. This author states that
neutral fat is absorbed without being completely hydro-
lyzed to fatty scids and glycerin. He believes that
the neutral fat ingested is only about 30% hydrolyzed,
forming mono- and diglycerides. Then, in the presence
of an emulsifying triad consisting <f a monoglyceride,
bile s#lt, and a fatty acid, the remaining ingested fat
is spontaneously emulsified into particles 1/2 micron
in diameter and having a negative charge. These emulsi-
fied particles pass directly into tne intestinal cells
through small canaliculi.

In summary, one theory is that the chylomicrons
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represent resynthesized, ingested fat, whereas the other
thecry 1s that chylomicrons represent the ingested fat

particles themselves.,
Life

Once the 1lipid psrticles are in the intestinal
cells it is thought by Sinclair (20) that lecithin is
sadsorbed at the o0il water interface. Where protein is
added 1s not stated, but it must be either in the lymph
or bloed stream., From the intestinal cells the coated
particles enter the lymph, which carries them through
the intestinal lymphatic ducts, cisterna chyli, and
thoracic duct from which they pass into the blood stream.
It has been shown by comparstive simul taneous counts on
the portal circulation and the systemic circulation that
almost all of the particles follow this reute in adult
animals and about 50% in very young animsls (25). The
particles have been found to distribute themselves ecual-
ly throughout the arterial tree and capillary bed and in
less concentration in the venous tree (26). Gage (2)
hes estimated that there are 79,317,866 per cubic milli-
meter of blcod at the height of digestion.,

In the blood the particles form an oil in
water emulsion, as alrsady described. The emulsion with-
in 1itself shows an interesting ecuilibrium. The equi-

librium referred to is the one between the 1lipid in



solution and the chylomicron particles, the latter frac-
tion representing 60% of the total 1ipid (2). The varia-
tion in sizes of the 1ipid micelles indicates the presence
of an eguilibrium, but whether the visible particles are
directly related to 1lipid in soluticn has not been shown
conclusivelvy. It seems to us that Ahren's and Kunkel's

work (27) work indicates this state to exist. These men
were able to cause the appearance of chylomicrons by add-

ing a lecithinase, Clostridium welchii lecithinase, to

clear serun.
Destination

The chylomicrons formed from the absorbed
fat are next either metabolized immediztely or stored in
the fat depots (28, 29). Ludlum (3,16) believes both
processes are possible because the particles are coated
by a protein film, which enables the perticles to become
wetted and thus to be absorable through celliular membranes.
Inside the cell the protein film could be destroyed by
a proteolytic enzyme; then, either the fat could be
metabolized or the particles could coalesce into fat
droplets 1in the cells, which meke up the fat depots (30).
The fat from the depots is continually being given up
tc the general circulation. The particles from the de-
pots are called by Frazer (9, 31) lipomicrons to distingu-

ish them from the particles formed from ingested fat.



With the nature, origin, 1life, and destinatiecn of the
fat particles of the blcod and chyle in mind, attention
can be turned to the varicus ways in which this knowledge

was pult to use.
Physiclogical and Pathological Chylomicronemia

Gage and Fish (2, 32, 33, 34) were the first
to establish postabsorptive chylomic¢ronemia as the usual
phenomena that take place in healthy individuals. These
authors stated that after an ordinary breakfast the
chylomicrons incressed in number, reaching a peak in 3-4
hours and returning tc a base line in &-1C hours. Frazer
(9) confirmed this observation, but by using a more
standardized techniocue found that thke peak was in about
2 hours and the base level was reacted in 4 hours. Obser-
vations by other authors are in agreement with Frazer's
time. Gage (2),and later Frazer (9),noted that after
fasting for twelve hours chylomicrons in the blood would
reach an unreducible minimum. This minimum is what is
referred to as the base line. Frazer (2) also noted that
about every 2 hours in a fasting subject an increase above
the base line could be noted., He referred to these in-
creases of lipomicrons as fat crises and considered them
to represent deliveries of fat from the fat depots. We
have observed a fat crisis in a fssting subject. See

record of subject 5 in Table 1.

P
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Frazer (35) has also shown that if a person does
not fast before a test, two peaks will be noted in the
resulting chylomicrograph. The first occurs 15 minutes
after the ingestion of food and ends in 1 hour. The
second starts in 1 1/4 hours and ends in about 4 hours.
The author interprets the initial rise as belng due to
the increase in bowel motility, a change which causes
the absorpvtion of fat remaining from the previous meal.
The delaved rise is due to the fat Jjust ingested. Bohm
et al (36) studied the chylomicron curves in people who
ingested 10 grams of fat every 2 hours. He was able to
confirm Frazer's work and added the observatiocn that at
night the chylomicron levels were higher and persisted
longer than during the daytime.

There are certain physiological states which can
alter an individual's curve. It hzs been noted by Gage
et al (2) and Frazer et al (9) that subjects who appear
very anxious during a test have increased and proclonged
curves. These investigators thought that this increzse
was due to decreased bowel motility and digestion. Exer-
cise has been shown to increase the height of curves
(2, 37, 38)., Stature seems tc make some difference.
Stout people have prolonged and higker curves than those
of normal individuals, and very thir people give lower
curves. Frazer (23) said that this fact was due to the
follewing finding: more fat goes directly to the fat



derots in stout individuals; more fat is hydrolyzed and
taken by the portal veln to the liver in thin persons.
Becker (1) has noted a marked difference between curves
of the young and the aged. This point will be expanded
later.

Cold exposure has been shown not to affect
curves; whereas warmth gives slight increases (39).
Radilation over pelvis, abdomen, and bifurcation of the
carotid has been noted by Setala (40) tc lower chylc-
micron counts. This author thought this radiation effect
was due to the fact that 1lipid particles were leaving the
blood stream through the altered membranes of the czpil-
laries.

The action of drugs and chemicals upon the
chylcmicron curves hes not been extensively studied. A
few observations will be mentioned. Frazer (9) showed
that pituitrin could decresse a count. He suggested that
the decrease was due to a speed-up of the metabolism of
the 1ipid particles. Ether has been shown by Day (41)
to decrease a count , but this effect was not always
obtained. Gage and Fish (42) have shown that glycerine,
alcohol, and morphine can increase covnts. Glycerine
unites with fatty acids furnished by the body before it
gives rise to chylomierons. The action of the other
drugs 1s ncot known. Lipase decreasses number and reduces

time necessary for the particles to return to the base
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line. It is thcocught that the reason for this occurrence
in the aged is that the lipase given overcomes the
deficiency in lipase which is common in the aged (43,44).
Sorbitan polyoxyethylene monolezte, "Tween 80", does the
same thing in the aged as does lipase, but its sction
differs (1). It serves to help emulsify the fat ingested
and thus facilitates the action of whatever lipase is
present., In young peonle, under 50, the opposite effect
is noted on the chylomicron curve. The explanation 1is
not known. Becker (1) simply sta s that oossidbly a dif-
ferent mechanism »f digestion may he present in the young.

Another esxplanation t5 the action of "Tween 80" will be

The chylomizron curves have been found to be
affected by certain pathological conditions. The bhase
ievel has heen found to be elevatad in nephrosis,
xanthamatosis, hypothyroidism, and i1 uncontrolled
diabetes mellitus (42, 46, 47). In conitrolled diabetes
mellitus the base level has not been found to be elevated
(42), 1In obstructive jaundice the count never increases
above the fasting level (48), There is a decrease in
the curve in vomiting of pregnancy (42) and in ulcerative
colitis (48), Fourmann {(49) has obtained t curves in
diarrheas of different etiologies and in sprue. Cook
et al (5") has found flat curves in conditions character-

ized by diarrhea. He czlls these conditions anomalies
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of fat digestiosn because no specifie etinlogliss can be
found. We have noted flat curves in non-tropical sprue
and fibrocystic disease of the pancreas. Based on the
work of Jones (51), we used sorbitan poiyoxyethylene
monoleats and found that this drug elevated the curves.
In the sprue patient, because of her poor response to
the usual therapy, sdrenal corticotropic hormone was
administered. A curve was determined sfter the patient
had been on the latter therapvy for two weeks. The results
showed that this hormone can increase the chylomicron
count. See Table V and graphs X, Y, Z.

Peters (8) has studied the changes in chylo-
micronemia in acute and chronic infectious vrocesses.
He states that in chronic infections the particles become
large masses, brownian movement becomes sluggish, and a
definite tendency to settle out is noted. 1In acute in-
fections there is a rapid disappearance from the blood of
the chylomicrons., The writer believes these changes are
caused by toxins of the infectisus agents which reduce
the electric cherge on the particles and, therefore,
decrease the degree of dispersion of the particles with
the result that they are flocculated out, A few workers,
basing their investigations upon Petar's work, attempted
to implicate the chyiomie¢ron as a non-specific, immunologi:
cal agent and ventured so far as to zive lipid infusions

as treatment in certain illnesses characterized by symptoms
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of toxieity (37, 38, 52, 53). During the past seven years
no interest has been shown in this theory.

In non-infectious toxic states, such as chronic
alcoholism, long continued narcosis,and phosphorus poison-
ing,chylomicronemia is observed (42). No reason for this
was given, but the reason could be trhat damage to the
liver resulted in a decrease in phospholipid production.
The decreass in phospholipid would cause a shift in the
1ipid ecuilibrium, manifested by chylomicronemia.

The above paragraphs demonstrate the use of the
chylomicron curve, but dces not suggest how the curve is
constructed and what it represents. In the following sec~
tion, the cnnstruction and significance of the curve will

be given in detail.



The Chylomicrograph

Construction of the ChyvlomictTon Curve

In order for the chylomicron to be put to use
gs a tool in the study of fat digestion in physiological
and pathological states, a method by which the chylo-
micron could be estimated was needed. To Gage and Fish
(2) in 1921 goes the credit for d=veloping the first
method. Many methods have been developed since, but most
are just modifiecations of that of Gage and Fish. Fragzer
(11, 35) in 1926 sought to stsndardize the technioue, but
almost all workers have instituted sore modificzstions
(54,55). lioreton (5A) 1in 1648, completely disgusted
with the apparent inaccuracy of the ccunting methods,
developed a nephelomefric method which ke ststes is far
more accurate., But it must be noted that this investi-
gator uses venous blnod, which has 2 different concentra -
tion of lipid nzrticles than has sarterial or capillary
hlood, for his count.

The method thzt we used 1s a modification of
those ef Gage (2), Frazer (11, 32, 3%), and Recker (55),
The most significant modification was the use of a
enser instesd of a cardioid and a 10X

20X. The entire ~rocedure for
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The subject is lnstructed not to ingest any
food after € p.m. the evening before the test till
receiving the test meal at & a.m. the following morning.
Water 1s permissible. This interval allows enough time
for the small intestine completely %o empty itself of
fat from previous meals.

A test meal is given, consisting of 2 siices
of toast (60 gm.), 1 cup of tea without sugar, and an
amount of oleomargarine egual to 1/2 gram ver kilogram
of body weight. The meal 1s eaten in 5-10 minutes (55).
If insulin or "Tween 80" is to be used, 1t is given just
before the meal.

The first sample of blood is obtained before
the meal 1s given. Then a sample 1s obtained every hour
thereafter for five hours. Before each puncture, the
finger is cleaned with .29 mercuriec chloride in 95%
alcohol solution, then air dried (2). The puncture is
made with a hemospast. This is kept sterile in 1:1000
zephiran, rinsed in 70% alcohol, and waved dry before
use (2). Blood is drawn into capillary tubes. This
procedure is facilitated by holding ore end of the tube
toward the fioor. The bloed is drawn only up to 9 cm.
of 16 cm. tube, leaving a free end. The bloecd in the
tubes 1s allowed to clot and retract, 2 process which

takes about 10 min. The free end of the tube is sealed

in a bunsen flame. The 2¢lot on remaining open end is
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loosened. Now the tubes are centrifuged at a rate of
2000 rpm for 5 min., Then the end of %he tube containing
the clear serum is broken off from the end containing
the packed cells. Porcelain chips or a diamond-point
pen facilitates this part of the procedure. The serum
is blown out of the capillary tubes by a modified eye-
dropper which has a small nostril tha% Jjust fits over
the capillary tube. Space between tuhe and dropper
nostril is sealed by finger. A small drop is placed in
this way on a very clean, scratch-free glass slide, the
thickness of which should correspond to slide thickness
indicated by condenser used. Over the drop a No. 1
cover slip is placed. Exs2ess serum is removed by press-
ing gently down on cover slip with forceps and dabbing
up extruded serum at sides of cover slip with lens paper.
Edges of cover slip are then sezled with eastor oil. The
preparation is now ready for examination,

The preparations are observed under a microscope
which has a paraboloid condenser and & built-in pointolite
illumination. The o0il immersion objective , contsining
a funnel stop which reduces aperature to less than .8,
is used. A 10X ocular is used. The ccular is fitted
with a net micrometer which hes 100 scuares. FEach sguare
in ours was determined to be .07% mm ty .N75 mm. A drop
of immersion oil is placed between cordenser and slide,
and another between cover slip 2nd objective. Microseope

is then carefully focused. Three planes will be observed.
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In two of the planes white specs, which sre not moving,
will be found. In the middle plane will be found parti-
cles which are dancing merrily. The latter are the chylo-
microns. The non-moving particles are defects or dirt

on the glass. We continually strived t¢ reduce the latter.
(After trying many methods, we finally decided that all
glass ware to be used was first to be washed in alconox,
rinsed with distilled water, then immersed for several
minutes in boiling chromic acid, removed, and again rinsed
very thoroughly in distilled water. While still wet,

the glass ware is put into 95% alcohol, from which it is
removed in a few minutes and put into storing jzrs con-
tzining 95% alcohol. When readv to use, slides and

covar slips are removed and wiped dry. They are polished
with silicon paper.)

The condenser is again adjusteds; a final focus
is madeyand without further manipulation a count of ten
sguares is done. This procedure is rewneated for five
fields and an average of the five is taken as the count
for that preparation. (We counted all moving articles,
dull or bright, because all particles are considered
1ipid. Some workers have counted just the bright.) The
count for the preparation is mulitiplied by 103 the result-
ing figure is used in the construction of the graphs.

The count obtained by the above method is graphed with

the abscissa representing time and the ordinate the number
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of chylomicrons counted. The experimental error is asbout
5 percent for the low counts and@ 15-20 per cent for the
highest counts.

Interpretation of the Chylomierograph

There are a multitude of fesctors that must be
considered in the interpretation of the chylomicrogreph.
The factors can be divided into two groups: physiological
and experimental. Gage and Fish(2) state that there are
five physiological processes that must be considered in
the interpretation of the grawh: digestion, absorption,
the movement of the absorbed fat from the intestinal mucosa
to the blood stream, assimilation of *the fat after it
reaches the blocd, and the metabolism of the fat. These
processes have been described in a previous section.
Another factor, emptylng time of the stomach, should be
considered. Anneger et al (59) states that excess fat
ingestion decreases emptving time of the stomach to
different degrees 1n different individasls. This fact
would mean that grzphs obtalned from individuals who
were fed excess amounts of fat would not be comparable.
Frazer and Stewart (60) agree *that the 2bove physiological
polnts must be considered, and these authorities place
particular emphasis on the bellief of Gege and Fish (2)

that each point on the chylomicrograph represents the



23.

resultant between the amount of fat added to the blood
minus the amount removed. This laztter point is most
importént in the interpretation of a graph.

Experimentally,many factors are brought in
because of the possibilities of error. First, there
are possibilities of error in the technicue itself,
mainly because the ceonstantly moving particles are diffi-
cult to count. Irwin et al (39) founé that all the
particles are rnot removed from the packed erythrocytes
by centrifuging. Different depths of focus bring
different numbers of chylomicrons into view. But by
experience, by using a standardized method, asnd by
having one person make all counts, manvy of the difficult-
ies stated are minimized and qualitative comparative
results can be obtasined. Also, there zre some definite
unique advantages to be found in using the chylomicro-
graph. The fraction of the lipids that change most
r=pidly after ingestion of fats can be directly studied
(42)3 the method does away with the rather inaccurate
time~consuming lipid concentration determining methods
(39,57)3 and capillary blood can be used instead of
venous (4%8).

Following the above presentation of the method
of construction and the factors involved in chylomicro-
graph interpretation, the experimental work will be

discussed.



Experimental Work
Chylomicrographs of Normals

The purpose of the first experiment was to ob-
tain graphs of voung and ©ld normals and then to compare
the results with those of Becker et 21 (1). 1In graph &
is representad the difference found between young and
0ld normals. Essentizlly, it amounts to a delay in the
peak by one hour and a slight tendency to
chylomicronemia in the aged. This result presents some-
what of a contrast to Becker's work. Becker's graph
(graph B) shows that the peak in the zged is delaved
seven hours longer than the peak in tre young and that
chylomicronemia is prolonged nineteen homrs over that of
the young. The curves of the young co:psre fairly well.
The difference lies in the curves of the aged. Possibly,
the reascn for the difference is that *“he subjects were
not followed for a long enough period. Becker et sl
followed thelr subjects for 24 hours.

Gofman (66) has informed us that White and
Ralston of the Birmingham Veterans Hospital have found
that bed~ridden elderly patients give the type of curve

reported by Becker et al. There are still other points

<

which tend to depreciate the results of Becker et al.

The psychnlogical state and the stature of a subject may
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affect the curve (2,9). The influence of these factors
is illustrated in graphs D snd E. These arse graphs of
young subjects and show prolonged curves. Setala (40)
states that each individual has a characteristic curve,
whieh may vary far from what 1s accepted as a normal
curve. In graph F is seen what Becker et al consider

a tywicel voung curves; but in graph G, which is also of
a young subject, the curve would have *o be interpreted
as prolonged. In graph H is found wha% Becker et zl
consider a typical curve of an old normals but in graph
I, which is alsc of an old normal, is found a typical
young curve. The most important evidence against the
validity of the results of Beck=r et al is that nowhere
in the litersture cazn posit-prandial curves similar to
Becker's he found. Setala (40) determined curves in
young and old normsl subjlects in ordar to see later
whether radiation could affect the curves. 1In graph C
it is seen that the curves of Setala are similar to the
ones in graph A but not in graph B. Gage and Fish {(2)
and Frazer (2} have grephs of voung and 5l1d normels

which 2re similar to graph 4,but not to graph B.
Eve Ground Correlation

Eye ground findings have been frequently used

as a rough index of the degree of the ztherosclerotic
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vrocess in the bodys; 1f the assumption of Becker el al
were true, that is, that postpranidal chylomicronemia
is an index of atherosclerosis in the body, then possibly
eye ground findinzs might correlate with postpranidsl

chylomicronemia., GSome evidence cf prolonzation occurred

in the graphs of subjects haeving arierioczclerntic

retinopathy from grades I-ITII, graphs K, 1L, K. The young

normel curves in greph A and graph ¢ represent subjectis

degree ~f reatinopsthy; whereax none of the 12 young noermals
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rorrelated with postpranidal chylomicronemis, the number

by

f subjects would have to be increased., (Grade O regpre-

&

1

ents no evidence of retinopathy, ani grade 4 represents

4

severe srteriosclerctic retinopathy. The dividing of the

(3

o halves was done on the basis of ¢liniecal

s
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grade n
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judgment by Dr., Filkins and Dr. EFilis.)
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The next step in the investigation was to obtein

curves of voung and old dizhetics. Tt was reascned that
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since 0ld normals had markedly elevated and pr cnged
eurves, possibly young disbheties, ané most certainly old
diabetics, would have markedly elevated and prolonged
curves if the contention of Becker et al is true. The
curves were not found to be markedly elevated and pro-
longed., In graph N it is seen that young diabetics, both
with a2nd without insulin administered before the test
meal, do give a slightly more prolonged curve than do
young normals, but not as marked as the aged normal curve
of Becker et al, graph BE. 1In old diabetics the curve,
graph O, is still more elevated and prolonged, but yet
not as much as the curve secured by BecXer et al. All

of the diabetics were under control at the time of the
experimenty however, they still would be expected to

give markedly elevated and prolonged curves, inasmuch as
it is well known that even controlled diabetics are

markedly nrone to developing atherosclerosis.
Effect of Insulin

Since it was known that insualin can reduce
pathologicel lipemia in disbetics, it was thought import-
ent to see whether insulin might not affect postprandial
chvlomicronemia, rapns N and O are 2omposite graphs which
illustrate that insulin tends to lowe~ fthe height of the

curve., This point wes more critically studied by doing



curves with and without insulin in the same subject, In
graphie P and S 1lnsulin seems to have definitely lowered

the height of the curves; but in graph ¢ it has increased

the helght of the curve. In graph R insulin seems to have
caused the peak to come eariler. It can only be concluded
from these results that there seems to be a tendency for
postpranidal chylomicronemia to be reduced by insulin.
Pogslbly if the patients had not already been under controel,

a more marked decrease would have been noted with insulin.
Effect of “"Tween 80V

In the case of four young dizhetic subjects, the
curves of whom had been established with insulin, it was
decided to see what effect "Tween 80" would have if given
along with the insulin before the test meal. In normal
yvoung the curves are elevated; in normal old the curves
are decressed (1). In graphs T and W, where "Tween 20"
was used, definitely elevated and prolonged curves are

r

noted. In graph V the detergent caused the peak to occur

o

earlier but did not prolong the curve. In graph U the
reaks were not changed but the curves ware prolonged. Thus,
seemingly, no tenefit, but actual harm, could come from
the use of "Tween 80" if the thecries o Kereton (56, 61,
62) and Becker et al (1, 59) are true. These authorities
hold that stherosclerosls is the result of a life~time

bombardment of the arterial wall by chy:omicrons.
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Recently, Zinn and Griffith (A3) have published
some work in which they noted that dlabetics have a
larger numher of the bright type of ehylomierons, in
relztion to the dull, than have non-diabetics. In the
dark-fielcd, brighter and coarser particles are more
abundant in the diabetic than in the non-diabetic sersz.
In the subjects that received "Tween -0, the bright and
coarse particles were decreased in number. Possibly,
an explanation for this polint ¢an be “ound in the fact
that "Tween 8C" has been shown to be able to increase
the cholesterol pheospholipld retio in rabbits with athero-
sslerosis (64, A5). This observation is significant
becsuse the cholestercl phospholipid retio has been
shown to be decreased in diabetes, nephrosis, hypothyroid-
ism, =nd xanthamatosis, all conditions which predispose to
athercsclerosis {(27). It can reasonably be postulated that
a deficiency of phospholipid could catuse the 1ncrease in
the bright perticies, As has been already brought out,
there exlsts a prospholipld at the interfzce between the

.

1pid of the chviomicry »nd the proteln protective layer.

ok

The phospholirpid is essential for proper emulsification
of the fat in the blood (20). So, when phospholipid is
deficient, the emulsion state breaks cown and large parti-
¢les appesr. This fact implies that zn ecuilibvrium exists
within the lipid frzction of the bloocj; that is, there

axlste 1ipld particles of all sizes from the large bright
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chylomicrons to very small, invisible particles. There is
some evidence to support this concept. In any dark-field,
as Frazer (31) has noted, are seen three groups of
particles which vary in size. Gofman (14, 1%) by ultra-
centrifuge methods has shown there are wvaricus lirid
fracticns which can be separated hecause they have differ-
ent sizes. Gofman's frezctions include not only chylo-
microns, but also particles that are invisitle in the
dark-field., Ahrens and Kunkel (27) have shown that
particles which 1look like chylomicrons appear when

clostridium lecithinase is allowed to 2c¢t on clear sere,

destroying the phospholipid of the sera. This work seems

1

Q
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arly to indicate the importance of phospholipids in

the 1lipid emulsifying system and suggests that a lipid
eguilibrium exists. By the use of the "Tween 80" observa-
tions, a new concept as to how liplds exist in the blood
hes been presented. Only circumstantial evidence has been

offered in procf.
sSummary

Although the chylcmicron ras been discussed
from widely different points of view, the point wished
to be most emphasized in thils thesis 1s the relation of
the chyliomieron to the atherosclerotie process. Noreton

(56) feels very strongly that atherossclerosis is directly

E—




related to chylomicronemia. Becker et al (1) not only
feel that the chylomicron is the eticlogical agent in
atherosclerosis , but also believe that the chylomicro-
graph may be taken as an index of atherosclerosis in the
body. The experimental work done does not add confirma-
tion to the latter belief. It has bhe=n suggested that
atherosclerosis may be due tc an overahundance of the
large =znd coarse chylomicrons, a conditicn resulting from
a disruption of the lipid ecuilibrium caused by a deficil-
ency of phospholipid. In order tc see whether the latter
assumpticn is true, the effects of phospholipid precursors

onn chylomicronemia in diabetics is being studied.
Conclusicns

1. The chylomicron is a complex consisting of
a central nucleus , which is either entirely neutral fat
or neutral fat with 2-~3 per cent cholesterol, surrounded
by first a phospholipid and then a protein.

2. The c¢hylomicron represents ingested lipid;
whereas llpomicrons represent the fat “rom the fat derncts,

3. The chviocmicrograprh can be used to study
many physionlogical and pathological diseazse processes.

4, The chylomicrograph is not as markedly
different in the voung and the aged as has been suggested

bv Becker et a2l (1).
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5. Postprandfal curves in young and old
diabetics have been determined.

6. Insulin has been shown to decrease
slightly chylomicronemia in controlled diabetics.

7. The chylomicron, per se, may represent

the etiological cause of atherosclerosis.
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TABLE I
Young Normals
Count B P J
No| A| Wt|F P|R | T [Bd|EBy Mis.
012 3 4 58 D,
1) 20| 55271 6]19 67 12/ 3034 98| 60/ 84 20/98 [ N [0
2 22| 13‘% 7 6 23 18[10[12] 126 6668]?6"989".5*N 0
3 22] 601 30[11[17]76]4[11]21[114] 72/92|/16]98 [N | O
41231 8442 8160/ 66| 61]53128/110] 80| 721697, 4K |0
IR Y R R R R - [120] 80]72[16 (08,4 N [0 |Fasting.
bal 23] 72[36/24[23|56] -]37]41]128| 30/ 96|16[98,6/ N |0 |Nervous
6l 24] 71136l 20135110/ 30] 7] - [110] 72/ 96[16]98,6( 3 [0
7126]- 59130 1| 9124]13[14] 5/110] 90 72[14 (08,2 N [0
Bl271 711361 3111137/28140[20[128] 78/ 88/16]/98 |N |0
0/ 29] 78139] 4125132[31]122/40/13D] 88 72[25]97.6 st O
101301 77139] 2137]16[30]10[36[124] 82 96/ 16]98.6 N | O
1138 4925;@248641%312 08| 48 92/ 12]|0R,4 10
[12]40[104152(23]138]39174]64[41]146]10d 72| 25{98,6l St{ O

Key:
No - Number
A - Age
Wt - Weight in kilograms
F - Oleomargerine in grams
BP - Blood pressure
P - Pulse
R - Respiration

T - Temperature
Bld- Stature
N - Normal
S1 - Slender

St - Stout
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Graphs of Children with Steatorrhea

600 [
500 |-
400 L
300 L
200
100

0 1 2 3 4 5
Graph Y: Subject No. 43, 43a.

Diagnosed as fibrocystic disease of pancreas.
Showed no clinical improvement on "Tween 80"
for 1 month.

( ) - No medication.
(-— =) - "Tween 80" ( 1 gm).

Note flattening and delayed peak .
"Tween 80" caused slight prolongation.

600
500
400 |
300
200
100

5

0. 1 2 3 4
Graph Z: Subject No. 42,
Diagnosed as steatorrhea, etiology unknown.
Improved clinically on panteric granules.
No "Tween 80" given.

This curve is interpreted as normal.
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