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Our recent finding that chronic oral
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Abstract. The effect of chronic oral nicotine intake on plasma
Tow density lipoprotein (LDL) clearance, lipid transfer protein,
and lecithin:cholesterol acyltransferase (LCAT) was examined in
male atherosclerosis susceptible squirrel monkeys. Eighteen
yearling primates were divided into two groups: 1) Controls fed
isocaloric liquid diet; and 2) Nicotine monkeys given liquid diet
supplemented with nicotine at 6 mg/kg body wt/day for a two-year
period. Averaged over 24 months of treatment, animals in the
Nicotine group had significantly higher levels of plasma and LDL
cholesterol compared to Controls while plasma LCAT activity was
similar for both groups. Following simultaneous injection of 3H
LDL and 1*C high density lipoprotein (HDL) cholesteryl ester (CE),
removal of the latter was not altered by oral nicotine while
plasma clearance of 3H LDL was dramatically delayed in Nicotine
monkeys. Transfer of 1*C HDL CE to very low density lipoprotein
(VLDL)-LDL particles was greatly accelerated in the Nicotine group
vs Controls while the reciprocal movement of 3H LDL CE to HDL was
only higher in experimental animals at two time points following
injection of the isotopes. Results from this study provide
evidence that one major detrimental effect of 1long-term oral
nicotine use is an increase in the circulating pool of atherogenic
LDL which is due to: 1) accelerated transfer of 1ipid from HDL;
and 2) impaired clearance of LDL from the plasma compartment.
Diminished removal of LDL is of particular importance because an
extended residence time of these particles in circulation would
increase the likelihood of their deposition in the arterial wall.
© 1986 Society for Experimental Biology and Medicine

lipolytic conversion of

precursor

nicotine intake causes an elevation in
atherogenic low density lipoproteins

lipoproteins is one metabolic process
responsible for creation of an athero-

(LDL) (1) 1is significant because it genic lipoprotein profile by nicotine
indicates that a circulating insult to (3). On the other hand, synthesis is
the arterial wall can be induced by a but one mechanism which regulates

single tobacco component and may in
part be responsible for the increased
arteriopathy observed in cigarette
smokers (2). It appears that acceler-
ated synthesis of LDL through enhanced
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plasma LDL concentrations. Imbalances
in the rate of removal of these macro-
molecules from the plasma compartment
(4) and transfer of cholesteryl ester
(CE) from high density 1lipoproteins
(HDL) to LDL following cholesterol
esterification by lecithin:cholesterol
acyltransferase (LCAT) (5), may also
modify LDL levels. LDL clearance is
in turn facilitated by both high-
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affinity receptor and receptor-
independent  pathways (4) while
redistribution of CE among 1lipopro-
teins 1is promoted by 1ipid transfer
protein (LTP) (6). Virtually nothing
is known about whether nicotine alters
these processes in vivo. Consequent-
1y, the purpose of this study was to
determine whether long-term oral con-
sumption of the alkaloid increases LDL
levels by delaying removal of these
particles from circulation and/or by
accelerating transfer of 1lipid from
HDL with resultant overloading of the
LDL core.

Materials and Methods. Eighteen year-
1ing male Bolivian squirrel monkeys
were divided into two treatment groups
consisting of 9 monkeys/ group: 1)
Controls fed Primate Liquid Diet # 19
(Bioserv Inc., Frenchtown, NJ); and 2)
Nicotine animals given 1liquid diet
supplemented with nicotine (Eastman
Kodak Co., Rochester, NY) at 6 mg/kg
body wt/day. This concentration was
chosen because a comparable oral level
administered to rats has been shown to
increase hepatic microsomal enzyme
activity (7) while a somewhat higher
intravenous dose (9.6 mg/kg/day) has
been used to evaluate habituation in
nonhuman primates (8). Diet composi-
tion, feeding protocol, and primate
?ogsing have been previously described
9).

On a monthly basis for 2 years,
plasma cholesterol (10) and triglycer-
ide (Sclavo Diagnostics, Wayne, NJ)
were measured colorimetrically and HDL
cholesterol was quantitated (10)
following precipitation of very
Tow density Tlipoprotein  (VLDL)-LDL
with heparin-manganese (11). VLDL-LDL
cholesterol was calculated as the
.difference between plasma and HDL
cholesterol, and LDL cholesterol was
determined using the formula (VLDL+LDL
cholesterol) - plasma triglyceride/5
(12). Plasma lecithin:cholesterol
acyltransferase (LCAT) activity was
also assayed each month as previously
described (9).

LDL and HDL radiolabeled predomin-
antly in the CE moiety were prepared
separately as described by Portman
et al (13) using plasma from non-study
animals. Following isolation of LDL
and HDL by density gradient ultra-

centrifugation (14), lipoprotein
cholesterol mass was quantitated (10)
and radioactivity was measured by
liquid scintillation spectrometry. 3H
LDL and *C HDL with specific activi-
ties of 1.22x107 DPM/mg cholesterol
and 1.25x106® DPM/mg, respectively,
were then combined, injected into
Control and Nicotine monkeys, and
plasma samples were collected at
5, 10, 15, 30, 60, 90, and 120 min.
Following separation of HDL from
VLDL-LDL (11), aliquots from each
fraction were removed for counting and
cholesterol mass determination as
described above. Specific activity
measurements were corrected to a
plasma volume calculated as 4% of body
weight. A1l data was expressed as mean
+ SEM and analyzed for significant
differences (P<0.05) by Student's
t-test.

Results and Discussion. Averaged over
24 months of treatment, Nicotine mon-
keys had significantly higher Tlevels
of both plasma (223 + 6 mg/d1) and LDL
(75 £ 6 mg/d1) cholesterol compared to
Controls (210 + 4, 62 + 4). Plasma
clearance of 1*C HDL cholesteryl ester
was essentially the same for both
groups. However, as seen in Fig. 1,
removal of 3H LDL cholesteryl ester
from circulation was significantly
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Fig. 1. In vivo clearance of 3H LDL
cholesteryl ester from the plasma.
Each point represents the mean + SEM
for 5 monkeys/group. S indicates
significant difference (P<0.05)
between Control and Nicotine means.
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delayed in nicotine treated primates.
Moreover, while the transfer of 3H LDL
cholesteryl ester to HDL was signifi-
cantly greater in Nicotine animals vs
Controls at 60 and 120 min after
injection of the isotope, reciprocal
movement of “C HDL cholesteryl ester
to VLDL-LDL was accentuated as a
result of oral nicotine at 5, 30, 60,

90 min suggesting a more active trans-
fer in the direction of HDL-VLDL-LDL
(Fig. 2).

Defective LDL clearance in nicotine
treated monkeys (Fig. 1) is consistent
with an earlier study which showed
that chronic subcutaneous injection of
the alkaloid into dogs retards the
removal of radiolabeled plasma
cholesterol (15). Although LDL s
degraded 1in both extrahepatic and
hepatic tissues, the latter represents
the major site for LDL catabolism via
apo B, E receptors (4). Since smoking
does not interfere with receptor
mediated degradation of LDL by
peripheral lymphocytes (16), the liver
appears to be the likely site where
tobacco components may act to delay
lipoprotein uptake and degradation.
Two experiments which support this
hypothesis include one study with
carbon monoxide exposed rabbits in
which hepatic removal of Tlipoprotein
remnants was inhibited (17) and our
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Fig. 2. 1C cholesteryl ester

appearing in the VLDL-LDL fraction
following in vivo plasma transfer from
radiolabeled HDL. Time points and
statistical significance same as in
Fig. 1 legend.

finding that liver slices from animals
exposed to tobacco smoke containing
high levels of nicotine have reduced
capacity to degrade radiolabeled
lipoproteins in vitro suggesting a
?er?anent impairment in liver function

18).

Although the exact  mechanism
responsible for delayed Tlipoprotein
clearance is unknown, direct delivery
of oral nicotine to the liver from the
intestine and "first pass" metabolism
to cotinine and other by-products
(2,19) may in some way affect hepatic
1ipid and lipoprotein metabolism. For
example, because the Tliver represents
the major organ with microsomal
enzymatic capabilities for nicotine
degradation (2,15), active catabolism
of the alkaloid could influence
microsomal hepatic cholesterol
synthesis since both processes require
common cofactors (15). Moreover,
chronic delivery of oral nicotine to
liver compartments could conceivably
alter apo B, E membrane receptors,
hepatic synthesis of LCAT and 1lipid
transfer protein (LTP) (5,7), or as we
recently demonstrated, biliary
cholesterol excretion (1).

Although human smokers have reduced
LCAT mass compared to non-smokers (20)
and animals exposed to tobacco smoke
containing high 1levels of nicotine
demonstrate lower plasma cholesterol
esterification (21), chronic adminis-
tration of oral nicotine had no effect
on acyltransferase activity in the
plasma of Nicotine (0.128 =+ 0.005%
esterification/min) vs Control (0.132
+ 0.004) monkeys. However, Fig. 2
shows that the alkaloid may alter LTP
which is secreted by the Tliver and
which is functionally related to LCAT
because it is responsible for the uni-
or bidirectional redistribution of CE
among circulating lipoproteins (6).
Accentuated activity of LTP may
account for the active transfer of
HDL cholesteryl ester to VLDL-LDL
(Fig. 2) and resultant expansion of
the LDL pool in Nicotine primates.
Accelerated LTP activity may in turn
be related to elevated lipoprotein
lipase (LPL) observed in these monkeys
(Mulligan, J. et al, unpublished data)
since active lipolysis of triglycer-
ide-rich Tipoproteins stimulates
transfer of HDL cholesteryl ester to
lower density lipoproteins (22). This
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data is particularly significant in
light of the suggestion by Albers
et al (6) that information about LTP
may be important in elucidating the
pathophysiological basis of lipo-
protein abnormalities.

Considered together, our findings
are unique because they indicate that
besides stimulating synthesis from
precursor  lipoproteins (3), oral
nicotine can also increase the LDL
concentration by impairing clearance
of these particles from the plasma
compartment and by overloading LDL
with 1lipid via enhanced transfer from
HDL. Nicotine-induced alterations in
liver function may play a central
role in both of these defects in
lipoprotein metabolism. Diminished
removal of LDL would in turn enhance
its atherogenic potential since an
extended residence time in circulation
would increase the Tikelihood of LDL
deposition in the arterial wall (23).

The authors wish to express their
sincere appreciation to Carol Martin
for preparation of this manuscript.
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