Independent Regulation of Chylomicron Lipolysis and Particle Removal Rates:
Effects of Insulin and Thyroid Hormones on the Metabolism
of Artificial Chylomicrons
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The processes of chylomicron lipolysis and removal from plasma were investigated by the intra-arterial infusion of doubly
labeled artificial chylomicrons in rats. The rate of lipolysis was measured as a delipidation index (D1}, which is the glyceryl-tri
9,10{NV)-*H oleate {*H-TO) fraction removed from the particle as fatty acids, whereas the cholesteryl{1-'*C) oleate (**C-CO)
plasma disappearance rate measures the splanchnic organ particle uptake. In the alloxan-diabetic rats, despite a normal D|, the
“C-CO plasma residence time (RT) was longer than in control animals and remained longer after stimulation of the lipoprotein
lipase by heparin. DI and '*C-CO removal rate were not significantly altered by insulin administration to glucose-supplemented
control rats. Lipolysis was remarkable in propytthiouracil (PTU)-induced hypothyroidism, and yet the “C-CO removal rate was
retarded. In hypothyroidism, heparin enhanced the “C-CO removal more than in the control group; however, after heparin, the
C.CO RT still remained higher in the hypotyroid animals as compared with the control group. Hyperthyroidism lowered the Di;
nevertheless, the “C-CO disappearance rate was faster than in controls. In summary, lack or excess of thyroid hormone
influences both the chylomicron lipolysis and removal systems, whereas lack of insulin impairs mostly the particle removal

from plasma, and excess of insulin has no effect on the chylomicron metabolism.
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Diabetes mellitus and hypothyroidism are frequent causes
of secondary hyperlipidemia."* Several experimental
studies in rats suggest that there is an impairment in the
metabolism of chylomicrons in these secondary hyperlipid-
emias. In the blood stream, chylomicrons are transformed
into remnants soon after losing some of their fatty acid
content due to hydrolysis by the endothelial lipoprotein
lipase.’ These remnants are rapidly removed from blood by
apolipoprotein E-dependent specific receptors in the liver.*’

Brown® and Redgrave and Snibson’ showed that the
chylomicron removal rate slows down in diabetic rats, a
finding frequently attributed to a low adipose tissue lipopro-
tein lipase activity.*'*" On the other hand, in some studies,
a direct correlation between the decrease of this lipolytic
activity and the increase in the plasma triglyceride level was
not found.”* Therefore, other factors may intervene to
explain the extent of this hyperlipidemia, such as nonenzy-
matic apolipoprotein glycosylation'*"® or modification in the
composition of the apolipoprotein cast."**

Peripheral chylomicron lipolysis seems undisturbed in
cholesterol-fed experimental hypothyroid rats, and yet the
remnants formed seemingly were removed slowly.” Never-
theless, in this experimental group, Florén and Nilsson”
demonstrated that “in vitro” made remnants were taken up
slowly by the perfused livers, and that hypothyroidism alone
did not impair the liver chylomicron remnant uptake.

Metabolically, protein-free emulsions behave identically
to lymph chylomicrons, as previously described by Redgrave

From the Lipid Laboratory, Medical School, University of Sao
Paulo; and the Institute of Mathematics and Statistics, University of
Sao Paulo, Sao Paulo, Brazil.

Supported by grants from Sao Paulo State Research Foundation
(FAPESP 84/2147-4) and FINEP (4.3.84.0683.00).

Address reprint requests to Celina V. Zerbinatti, MsC, Lab Lipides
(LIM 10), Hospital das Clinicas-FMUSP. Av. Dr. Amaldo 455, CEP
01246, Sao Paulo, SP, Brazil.

Copyright © 1991 by W.B. Saunders Company

0026-0495/91/4011-0002503.00/0

1122

et al’*?: they are depleted of triglycerides by the action of
lipoprotein lipase and their remnants taken up by the rat
liver.* Similarly to the natural particles, artificial chylomi-
crons accumulate in the rat plasma after blockade of
hydrolysis by the intravenous (IV) administration of Triton
WR-1339; furthermore, heparin infusion leads to faster
rates of lipolysis and particle removal.?

In the present work, we used artificial chylomicrons in
rats to identify the causes of the chylomicron metabolic
disturbances, namely whether the major defect is in the
peripheral delipidation or in the tissue chylomicron uptake,
in opposing metabolic conditions, such as diabetes and
hyperinsulinemia, or hypothyroidism and hyperthyroidism.

MATERIAL AND METHODS
Experimental Groups

Male Wistar rats weighing 250 to 300 g were maintained on
commercial chow diet. Diabetes was induced by a single intraperi-
toneal injection of alloxan (140 mg/kg body weight) 2 days before
the study. Hyperinsulinemia was obtained according to Kobayashi
and Olefsky,” by administering to normal rats increasing amounts
of NPH insulin (0.5 to 6.0 U/d) divided into two daily doses over 14
days. To prevent hypoglycemia, hyperinsulinemic animals were
paired to a special control group supplemented with glucose: they
had free access to glucose as tablets and as a 5% water solution.

Propylthiouracil (PTU)-induced hypothyroid rats received 0.1%
PTU solution as the sole water source. Hyperthyroidism was
achieved by daily subcutaneous injections of L-thyroxine (0.02 mg
in 0.2 mL of 0.01N NaOH) over 10 days to normal rats.”

Control, diabetic, and hypothyroid rats were also investigated in
another set of experiments aimed stimulating the enzyme lipopro-
tein lipase through heparin intra-arterial injections (250 U/kg body
weight) 10 minutes before the infusion of the experimental
artificial chylomicrons.”

Artificial Chylomicrons

Cholesterol, cholesteryl-oleate, and triolein were obtained from
NuCheck Prep (Elysian, MN) and lecithin from Lipid Products
(Surrey, UK). They were more than 99% pure as shown by
thin-layer chromatography (TLC). Lipid mixtures (cholesterol 2%,
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lecithin 23%, cholesteryl-oleate 6%, and triolein 69% by weight)
were prepared in scintillation vials together with glyceryl-tri
9,10(\)-°H oleate (*H-TO) and cholesteryl(1-*C) oleate (*C-CO)
(Amersham International, UK). This mixture was sonified together
with a sodium chloride water solution (1.101 g/mL) using a
Branson Cell Disruptor Sonifier, model B-30 (Danbury, CT), with
a 1-cm probe, submitting to 70 to 80 W for 30 minutes under
nitrogen flow, and inside a temperature-controlled water bath.
Chylomicrons were obtained after a discontinuous gradient
ultracentrifugation as previously described.” The artificial chylomi-
cron composition achieved was cholesterol, 1.8%; cholesteryl-
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oleate, 8.9%; lecithin, 9.3%; and triolein, 80% by weight.

Plasma Chylomicron Removal Protocol

The right carotid artery of nonfasted rats was cannulated with a
PE-50 polyethylene cathether (Clay Adams, NJ) after light ethyl-
ether anesthesia and the animals rested in restriction-type Bollman
cages for 1 hour before the injection of the chylomicrons. Emul-
sions (0.5 mL) containing approximately 3 mg of lipids and the
radioactive moieties were pulse-infused through the cannula.
Blood samples (0.4 mL) drawn at 2-minute intervals, over a
10-minute period, into previously heparinized tubes were used for
measurement of the triacylglycerols and cholesteryl ester residence
time. Plasma aliquots (0.1 mL) were extracted with chloroform:
methanol {2:1 vol/vol), and lipids separated on TLC silica gel with
the solvent system hexane/ethyl-ether/acetic acid (70:30:1 vol/vol/
vol).® Radioactivity was measured in the triglyceride and cho-
lesteryl-ester eluted bands using a Beckman LS-100 beta-
scintillation counter (Irvine, CA).

Chemical Analyses

Chylomicrons. Triglycerides were measured by the method of
Soloni® and phospholipids as described by Zilversmit and Davis.®
Free and esterified cholesterol were determined by the method of
Zlatkis and Zak™ after alkaline hydrolysis of the TLC-separated
fractions previously extracted with chloroform:methanol (2:1 vol/
vol).

Plasma. A commercially available enzymatic procedure was
used for triglycerides (Bio Diagnostica, PR, Brazil). Glucose was
determined by the ortho-toluidine method according to Dubowski,”
whereas the hormones triiodothyronine (T,) and thyroxine (T,)
were measured by a radioimmunoassay kit (Travenol-Genentech,
MA).

Calculations and Statistics

Plasma residence time (RT) of both *H-TO and “C-CO was
obtained from their monoexponential curves estimated by the
minimum square method, and represents the reciprocal of the
slope of the plasma radioactivity curve expressed as radioactivity
(cpm)/mL. A DI was calculated as proposed by Redgrave and
Zech®; it stems on the assumption that the slope of the curve of
radioactivity in plasma represents two interdependent processes:
(1) ¥C-CO estimates the particle removal rate because radioactiv-
ity remains in the chylomicron during its course of lipolysis in
plasma; (2) *H-TO plasma slope results from the combined process
of the particle removal and the lipolysis of fatty acids. Therefore,
the DI is the fraction of triglycerides that are shed off of the
particle as fatty acids before the chylomicron internalization by the
splanchnic organs. It is calculated as:

*H-TO RT

I=1- .
P “C-CO RT
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The Student’s ¢ test was used for statistical comparison of the
data among all experimental groups. Data concerning the changes
in heparin-treated groups were analyzed by ANOVA. A .05 level of
confidence was considered significant.

RESULTS

Blood chemical analyses performed before the infusion
of the artificial chylomicrons showed that diabetic rats were
hyperglycemic (1,129 + 549 mg/dL v 199 + 66 mg/dL in
control group) and hypertriglyceridemic (227 + 53 mg/dLv
103 + 27 mg/dL in control rats). Insulin administration
together with glucose feeding had no influence on plasma
triglycerides. In hypothyroid rats, T, was absent and T, was
much lower in the plasma than in control rats (respectively,
1,100 = 200 ng/dLv 3,600 = 700 ng/dL); triglyceride plasma
level was higher than in the control group (188 + 66 mg/dL
v 103 = 27 mg/dL). As compared with the control rats,
hyperthyroid animals had higher T, values (74 + 39ng/dLv
26 = 13 ng/dL) and reduced triglyceride plasma levels
(69 = 27 mg/dL v 103 = 27 mg/dL). Serum cholesterol
concentration almost doubled in hypothyroid animals.

The disappearance curves and plasma RT of *H-TO and
of “C-CO in all experimental groups are presented in Table
1 and Fig 1. In diabetic animals, the metabolism of artificial
chylomicrons was severely impaired, since the RTs of
*H-TO and of “C-CO were about three times longer than in
control animals. Despite this, the DI in the diabetic group
was not statistically different from that in the control
animals. On the other hand, as compared with the glucose-
supplemented group, experimental hyperinsulinemia dimin-
ished the RT of *H-TO, but did not alter either the RT of
“C-CO or the DI to a statistically significant degree.

Hypothyroidism clearly slowed down the “C-CO RT
without disturbing the removal rate of *H-TO. In other
words, enhancement of the DI occurred simultaneously to
an impairment in the plasma chylomicron removal rate. In
hyperthyroid rats, RT of *H-TO was similar to that of
“C.CO, a finding that can only be explained by a much
quicker splanchnic uptake of the chylomicrons.

Table 1. Plasma RT of Artificial Chylomicron *H-TO and '“C-CO and
Particle DI in All Experimental Groups

Plasma RT {min)

Group *H-TO %c-Co DI

Control (n = 8) 5.09 + 0.97 9.38+ 235 0.44 + 0.11
Diabetic (n = 8) 15.83 + 5.91* 22,63 + 5.78* 0.29 = 0.19
Glucose-supplemented

in=7) 6.86 £ 2.13 10.56 + 2.09 0.36 + 0.13

5.09 + 1.05t 9.19 + 2561 043 +0.12
598 + 1.60 21.88 +4.83* 0.71 +0.13*
459+ 166 556 = 1.86* 0.18 + 0.06*

Hyperinsulinemic (n = 9)
Hypothyroid {n = 9)
Hyperthyroid (n = 10)

NOTE. Calculation of the RT was based on the experimentai plasma
radioactivity curve {cpm/mL) in samples drawn every 2 minutes over a
10-minute period after the chylomicron injection. Values are shown as
means + SD.

Student’s t statistical comparison of the groups: *significantly dif-
ferent from the control group; tsignificantly different from the glucose-
supplemented group.
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Fig 1. Plasma disappearance curves of intra-arterially pulse-
injected artificial chylomicrons labeled with *H-TO and “C-CO in all
experimental groups. Each point represents the geometrical mean of
all animals values.

In all rat groups analyzed, heparin stimulated the activity
of lipoprotein lipase to such an extent that the chylomicron
lipolysis rate was exceedingly fast: *H-TO RT could not be
measured (Fig 2). In the diabetic rats, some *H-TO radioac-
tivity was still present in plasma after 10 minutes and must
have been inherent to residual chylomicrons.

Heparin stimulated “C-CO removal from plasma in
control, diabetic, and hypothyroid groups (Table 2, Fig 2).
However, by ANOVA, despite the heparin enhancement of
the particle removal in diabetes and in controls, “C-CO RT
still remained much longer in the former as compared with
the latter group of animals. The effect of heparin in the
particle removal rate was greater in hypothyroid as com-
pared with control rats: heparin lowered “C-CO RT 2.9
times in hypothyroidism and 2.2 times in the control group.
Nonetheless, in hypothyroidism “C-CO RT never quite
reached the low value found in control animals treated with
heparin.

ZERBINATTI ET AL

DISCUSSION

The RT of “C-CO in plasma measures the artificial
chylomicron removal rate, since the “C-CO remains in the
particle while it sheds off fatty acids in plasma. “C-CO is
taken up mainly by the liver, probably due to specific
lipoprotein receptors.”” The fraction of *H-TO that leaves
the plasma particle by a pathway independent from the
removal of “C-CO represents the lipolytic process, namely,
conversion of triolein into free fatty acids. Thus, the
lipolysis rate is defined as a DI.

There was only a trend for a slow lipolytic rate in diabetic
rats, although the plasma disappearance rates of “C-CO
and of *H-TO were greatly impaired (Table 1, Fig 1).
Previous studies in diabetic rats showed that the lipoprotein
lipase activity decreased in the adipose tissue, but was not
impaired in the muscle tissue."" Furthermore, a lack of an
inverse correlation between the degree of impairment of
the lipoprotein lipase activity and the severity of the
hypertriglyceridemia suggests that other factors may ex-
plain the diabetic hypertriglyceridemia besides the dimin-
ished enzyme activity."™™" An efficient lipolysis rate after
heparin administration to diabetic rats was also suggested
by the work of Brown and Olivecrona™ and recently by the
results of Redgrave and Callow.” In fact, present data show
that the “C-CO RT in heparinized diabetic rats still was
greater than the “C-CO RT in control animals with or
without heparin infusion. This result indicates that in
diabetes there was an impairment in the removal by the
splanchnic tissue receptors of the chylomicron remnants
formed after heparin injection. This fact could theoretically
be attributed to (1) a diminished recognition of the lipopro-
teins by the liver receptors due to nonenzymatic glycosyla-
tion of their apolipoproteins, similar to what happens to
low-density lipoproteins (LDL)"*"; (2) a diminished rem-
nant receptor number directly ascribed to the absence of
insulin®; or (3) a low apolipoprotein E content, which has
been reported in chylomicrons” and very-low-density li-
poprotein (VLDL)? in diabetes.

There was a faster disappearance rate from plasma of
*H-TO in experimental hyperinsulinemic rats (Table 1, Fig
1), a result that should be attributed to an enhanced
adipose tissue lipoprotein lipase production elicited by
insulin.”™* Nevertheless, this enhancement in the *H-TO
removal rate was not sufficient to speed up the remnant
uptake by the splanchnic tissues. These results support the
conclusion that alterations in the insulin-related lipopro-
tein lipase activity are not critical in the chylomicron
metabolism in the diabetic rat.

The remarkable increase in chylomicron lipolysis ob-
served in hypothroidism in the present work (Table 1, Fig 1)
is in agreement with previous reports of increased adipose
tissue lipoprotein lipase activity.””*’ Nonetheless, the parti-
cle removal rate was considerably slow in hypothyroid rats,
as shown by the disappearance rate of “C-CO from plasma.
This result supports the studies of Florén and Nilsson* and
of Redgrave and Snibson’ using natural chylomicrons in
hypothyroid rats, although their animals had been fed a
cholesterol-rich diet. Cholesterol feeding is known to greatly
alter the composition of VLDL secreted by the liver,**
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Fig 2. Plasma disappearance curves of intra-arterially pulse-injected artificial chylomicrons labeled with *H-TO and “C-CO in control, diabetic,
and hypothyroid groups after heparin injection (250 U/ kg body weight). Each point represents the geometrical mean of all animals values. **H-TO

removal rates were exceedingly fast for reliable measurements.

whereas in hypothyroidism alone, a remarkable decrease of
hepatic lipase activity” leads to an enhanced intermediate-
density lipoprotein (IDL) accumulation in plasma.* This
increase in plasma IDL was also shown after the inhibition
of the hepatic lipoprotein lipase by a specific antibody.”
Such an accumulation occurs because the enzyme is neces-
sary for the hydrolysis of the chylomicron triglycerides,
which is critical in the production and uptake of remnants
by the liver.®*

In the present study, the artificial chylomicron DI in
hypothyroid rats was remarkably higher than in controls
and could be explained by a prolonged exposure of the
chylomicron to the action of the peripheral lipoprotein
lipase. The effect of heparin infusion on the chylomicron
plasma removal in hypothyroid animals was greater than
that observed in the control rats. Nonetheless, after heparin
administration, “C-CQ RT still remained higher in hypothy-
roid as compared with control rats. This result must be

Table 2. Plasma RT of the Chylomicron Particle *C-CO
After Heparin Administration (250 U/kg body weight)
10 Minutes Before Emulsion Injection

Group Plasma RT (min) of *C-CO
Control + heparin (n = 10) 4.24 + 1.18t
Diabetic + heparin (n = 6) 19.21 + 6.50*1*
Hypothyroid + heparin (n = 8) 7.66 = 3.07*§

NOTE. Calculation of the RT was based on the exponential plasma
radioactivity curve (cpm/mL)} in samples drawn every 2 minutes over a
10-minute period after the chylomicron injection. Values are shown as
means = SD.

ANOVA statistical comparison of the groups: *significantly different
from the control + heparin group; fsignificantly different from the
control group; $significantly different from the diabetic group; $signifi-
cantly different from the hypothyroid group.

secondary to a diminished number of hepatic remnant-
recognizing receptors in hypothyroidism, since there are
fewer B-E receptors in the hypothyroid liver.”™"' These
receptors are equally responsible for recognizing both the
apolipoprotein B-E—containing (LDL) and the apolipopro-
tein E-rich lipoproteins.”** Furthermore, in hypothy-
roidism accumulation of IDL derived from VLDL may
compete with chylomicron remnants for common apoli-
poprotein E-recognizing receptors.

Hyperthyroid rats took up plasma chylomicrons at an
unusually fast speed and with little loss of the particle fatty
acid content (Table 1, Fig 1). This must result from the fact
that thyroid hormones greatly increase the number of LDL
receptors in the liver.* Furthermore, these hormones
stimulate the production of hepatic lipase,” leading to a
faster remnant formation, and consequently to their imme-
diate uptake by the hepatocytes.
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