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Abstract .  Male s q u i r r e l  monkeys were used t o  eva lua te  t h e  e f fec t  
o f  chron ic  o r a l  n i c o t i n e  i n t a k e  on 1 i p o p r o t e i n  composit ion and 
metabolism. Eighteen y e a r l i n g  monkeys were d i v i d e d  i n t o  two 
groups: 1) Cont ro ls  f ed  i s o c a l o r i c  l i q u i d  d i e t ;  and 2)  N i co t i ne  
primates g iven l i q u i d  d i e t  supplemented w i t h  n i c o t i n e  a t  6 mglkg 
body wt lday.  Animals were weighed biweekly, plasma 1 i p i d ,  
glucose, and 1 i p o p r o t e i n  parameters were measured monthly, and 
d e t a i l e d  1 i p o p r o t e i n  composit ion, a1 ong w i t h  posthepar i  n p l  asma 
1 i p o p r o t e i n  1 ipase (LPL) and hepat ic  t r i g l y c e r i d e  1 ipase (HTGL) 
a c t i v i t y ,  was assessed a f t e r  24 months o f  t reatment.  Although 
n i c o t i n e  had no e f f e c t  on plasma t r i g l y c e r i d e  o r  h i gh  dens i t y  
1 i pop ro te ins  (HDL) , the  a1 k a l  o i d  caused a s i g n i f i c a n t  increase i n  
plasma glucose, chol  es te ro l  , and 1 ow dens i t y  1 i popro te i  n (LDL) 
cho les te ro l  p l us  p r o t e i n  whi 1 e s imul taneously reducing t he  HDL 
cholesterol /p lasma cho les te ro l  r a t i o  and animal body weight. 
Levels of LDL precursors,  very  low dens i t y  (VLDL) and in te rmed i -  
a t e  dens i t y  (IDL) l i p o p r o t e i n s ,  were a l so  lower i n  n i c o t i n e -  
t r e a t e d  primates w h i l e  t o t a l  posthepar in l i p a s e  (LPL + HTGL) 
a c t i v i t y  was s i g n i f i c a n t l y  e levated.  Our data i n d i c a t e  t h a t  
long-term consumption o f  o r a l  n i c o t i n e  induces an a thero  en ic  
1 i popro te in  p r o f i l e  (+LDL, +HDL/total chol  e s t e r o l  ra t io !  by 
enhancing l i p o l y t i c  convers ion o f  VLDL t o  LDL. These r e s u l t s  
have impor tan t  hea l t h  imp1 i c a t i o n s  f o r  humans who use smokeless 
tobacco products o r  chew n i c o t i n e  gum f o r  prolonged per iods.  
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Increased coronary h e a r t  disease 
(CHD) i n  c i g a r e t t e  smokers may be 
r e l a t e d  t o  e leva t ions  i n  c i r c u l a t i n g  
atherogenic low dens i t y  l i p o p r o t e i n s  
(LDL) and concurrent  depressions i n  
coronary p r o t e c t i v e  h igh  dens i t y  l i p o -  
p ro te ins  (HDL) ( 1). However, because 
tobacco smoke contains approximately 
4000 cons t i tuents ,  i t  has been 
d i f f i c u l t  t o  determine which component 
i s  respons ib le  f o r  induc ing  an 
atherogenic 1 i pop ro te in  p r o f i l e  (1). 
Consequently, recent  i n t e r e s t  has 
focused on t he  r o l e  o f  n i c o t i n e  i n  
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1 i popro te i  n a1 t e r a t i o n s  because i t  i s 
one o f  t he  most pharmacological ly  
a c t i v e  tobacco components w i t h  a wide 
range o f  card iovascu lar  e f f e c t s  (1) .  
Short-term experiments w i t h  r a b b i t s  
( 2 )  and humans (3 )  have shown t h a t  
o r a l  adm in i s t ra t i on  o f  t h e  a1 k a l o i d  
r a i s e s  plasma and LDL cho les te ro l  and 
1 owers HDL. These observat ions a re  
c l i n i c a l l y  important  because o f  t he  
widespread use o f  smoke1 ess tobacco 
products (4 )  and the  increased pre- 
s c r i p t i o n  o f  n i c o t i n e  chewing gum i n  
smoking cessat ion  therapy (5). Since 
1 i t t l e  i s  known about t he  under ly ing  
mol ecul a r  mechanisms respons ib le  f o r  
these changes, t he  ob jec t i ves  o f  our  
study were t o  examine the  chron ic  
e f f ec t s  of o r a l  n i c o t i n e  on l i p o p r o -  
t e i n  l e v e l s  and t o  i d e n t i f y  metabol ic  
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a1 t e r a t i o n s  respons ib le  f o r  observed 
e l eva t i ons  i n  LDL. 

M a t e r i a l s  and Methods. Eighteen year -  
1  i n g  male s q u i r r e l  monkeys were 
assigned t o  two t r ea tmen t  groups 
c o n s i s t i n g  of 9  monkeys/group: 1 )  
Cont ro ls  fed Pr imate L i q u i d  D i e t  #19 
(B ioserv  Inc. ,  Frenchtown, NJ) ; and 2) 
N i c o t i n e  animals g iven  l i q u i d  d i e t  
supplemented w i t h  n i c o t i n e  (Eastman 
Kodak Co., Rochester, NY) a t  6  mg/kg 
body wt lday .  D i e t  composi t i o n ,  
feeding p ro toco l  and pr imate  housing 
have been p r e v i o u s l y  descr ibed ( 6 )  

Plasma t o t a l  c h o l e s t e r o l  i 7 ) ,  
t r i g l y c e r i d e  (Sclavo D iagnos t ics  Inc.,  
Wayne, NJ), and glucose (g lucose 
oxidase method, Beckman Instruments 
Inc . ,  Pal o  A1 t o ,  CA) were measured a t  
monthly  i n t e r v a l s .  Fo l low ing  p r e c i p i -  
t a t i o n  of 1  ower d e n s i t y  1  i pop ro te i ns  
(8 ) ,  HDL cho les te ro l  was assayed 
c o l o r i m e t r i c a l  l y  (7 ) .  

A f t e r  24 months o f  t reatment ,  VLDL, 
LDL and HDL were i s o l a t e d  by d e n s i t y  
g rad ien t  u l  t r a c e n t r i f u g a t i o n  (9 )  and 
in te rmed ia te  d e n s i t y  l i p o p r o t e i n s  
( IDL)  ( d  1.006 - 1.019 g/ml) were 
separated by sequent ia l  u l  t r a c e n t r i f u -  
g a t i o n  (10) .  P u r i t y  of l i p o p r o t e i n s  
and apopro te in  B  was assessed by 
c e l l  u l  ose ace ta te  and po l yac ry l  amide 
gel  e l ec t ropho res i s  (PAGE), respec- 
t i v e l y .  A l i q u o t s  o f  each l i p o p r o t e i n  
were analyzed f o r  t o t a l  chol  e s t e r o l  
(nones ter i  f i e d  + e s t e r i f i e d )  , p r o t e i n ,  
phospho l ip id ,  and t r i g l y c e r i d e  (11) .  

Posthepar i  n  plasma samples were 
c o l l e c t e d  from fasted pr imates 10 min 
a f t e r  t he  int ravenous i n j e c t i o n  o f  
100 IU/kg body w t  hepar in  (Lipo-Hepin, 
R i ke r  Labs, Inc.,  Nor th r idge ,  CA). 
T r i g l y c e r i d e  h y d r o l y s i s  was assayed as 
descr ibed by Mus l iner  e t  a1 (12)  and 
f ree  f a t t y  ac ids  were ex t rac ted  by t he  
Be1 f r age  and Vaughn procedure (13) .  
L i p o p r o t e i n  l i p a s e  (LPL) a c t i v i t y  was 
c a l c u l a t e d  as t he  d i f f e r e n c e  between 
t o t a l  pos thepar in  1  i p o l y t i c  and 
hepa t i c  t r i g l y c e r i d e  1  ipase  (HTGL) 
a c t i v i t i e s  (12) .  A l l  data was 
expressed as t he  mean + SEM and 
analyzed f o r  s i g n i f i c a n t  d i f f e rences  
( ~ < 0 . 0 5 )  by S tudent ' s  t - t e s t .  

Resul ts  and Discussion.  Mean body 
weights o f  Cont ro l  (690 + 389) and 

N i c o t i n e  (681 t 32g) pr imates were 
i n i t i a l l y  s i m i l a r  b u t  a f t e r  24 months 
of t reatment ,  Cont ro ls  weighed 
s i g n i f i c a n t l y  more than animals f e d  
o r a l  n i c o t i n e  (805 + 10 vs 700 + 6 ) .  
Th is  n i c o t i n e  we igh t  e f fec t  i s  
cons i s ten t  w i t h  s im i  1  a r  observat ions 
repo r ted  f o r  r a t s  f e d  o r a l  n i c o t i n e  
(14) ,  and f o r  human smokers compared 
t o  non-smokers (15) .  D i f f e rences  i n  
d i e t  consumption pa t t e rns  may be one 
exp lanat ion  f o r  t h e  more modest weight  
ga in  i n  N i c o t i n e  (3%) vs Cont ro l  (17%) 
pr imates s i nce  over  a  two year  pe r i od  
t he  former consumed 87% o f  t h e  l i q u i d  
d i e t  presented t o  them w h i l e  t he  
l a t t e r  a t e  96% of t h e i r  food supply.  
However, a l t e r n a t i v e  exp lanat ions  f o r  
t he  group d i f fe rences  i n  body we igh t  
i nc l ude  e leva ted  catecholamine re lease  
and enhanced c a l o r i c  expendi ture,  
increased g u t  mo t i  1  i t y ,  impaired 
n u t r i e n t  absorpt ion,  o r  h y p e r a c t i v i t y  
(15) .  S i m i l a r  t o  human smokers ( I ) ,  
p l  asma chol  e s t e r o l  and g l  ucose were 
s i g n i f i c a n t l y  e leva ted  i n  N i c o t i n e  
monkeys (223 + 6  mg/dl, 101 + 3  mg/dl) 
compared t o  Cont ro ls  (210 + 4, 95 + 
3 ) .  Increased f a s t i n g  glucose may be 
a  response t o  g rea te r  percentages o f  
plasma catecholamines which we recent -  
l y  r epo r ted  i n  our  n i c o t i  ne- t rea ted  
pr imates (16) .  I n  add i t i on ,  t he  HDL 
cho les te ro l  /plasma cho les te ro l  r a t i o ,  
a  s e n s i t i v e  index of vascu la r  d isease 
r i s k ,  was s i g n i f i c a n t l y  depressed i n  
experimental (0.61 + 0.02) vs c o n t r o l  
pr imates (0.64 + 0.02). However, HDL 
mass ( l i p i d  + p r o t e i n )  was s i m i l a r  f o r  
Cont ro l  (548 + 27 mg/dl) and N i c o t i n e  
(541 + 27) monkeys which con t ras t s  
w i t h  observat ions o f  a  small ,  t r an -  
s i e n t  d e c l i n e  i n  HDL cho les te ro l  i n  
humans who use n i c o t i n e  gum (3 ) .  

Data i n  Table I prov ide  t h e  f i r s t  
documentation t h a t  chron ic  o r a l  
n i c o t i n e  i n t a k e  causes an e l e v a t i o n  
i n  bo th  LDL p r o t e i n  and cho les te ro l  
suggest ing t h a t  t h e  a1 k a l  o i  d  promotes 
an inc rease i n  t he  e n t i r e  l i p o p r o t e i n  
p a r t i c l e .  Subsequent examination o f  
LDL p r o t e i n  revea led  a  s i n g l e  band on 
PAGE i n d i c a t i v e  o f  apopro te in  B. 
Previous shor t - te rm s tud ies  w i t h  
r a b b i t s  g iven  o r a l  n i c o t i n e  (2 )  and 
humans who use n i c o t i n e  chewing gum 
(3 )  showed increases i n  o n l y  LDL 
cho les te ro l  . 

Diminished VLDL l i p i d  and p r o t e i n  i n  
N i c o t i n e  monkeys (Tab1 e  I ) con t ras t s  
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TABLE I 

E f f e c t  o f  Oral  N i c o t i n e  
on L ipop ro te in  Composit ion 

Treatment Groups 
L ipop ro te in  
Cons t i t uen t  Cont ro l  N i c o t i n e  

VLDL 
Choles tero l  1 1 + 3 ~  7 t 2  
Phosphol ip id 6+1 4k0.3 b  
T r i g l y c e r i d e  34+3 27tZb 
To ta l  l i p i d  5 1 ~ 4  38t3b 
P r o t e i n  1351 11t1 
To ta l  L i pop ro te in  64k4 49t3b 

LDL 
Chol es ter01 73+2 86t5  b  

Phospho l ip id  40t2 46+4 
T r i g l y c e r i d e  17+2 17tZb 
Tota l  l i p i d  130+4 150tgb 
P ro te in  61k4 7124 
Tota l  L i p o p r o t e i n  191t7 2 2 1 + 1 ~ ~  

a ~ a l u e s  represent  means + SEM f o r  9  
monkeys/group expressed as mg/dl. 

b ~ i c o t i n e  group mean s i g n i f i c a n t l y  
d i f f e r e n t  (P<0.05) f rom Cont ro l  mean. 

w i t h  what has been repor ted  i n  human 
smokers (17),  and i n  s q u i r r e l  monkeys 
f o l l  owing int ravenous i n f u s i o n  o f  
n i c o t i n e  (18).  However, t he  VLDL 
decrease i s  i n  keeping w i t h  our 
observat ion o f  a  non-s ign i f i can t  
reduc t ion  i n  plasma t r i g l y c e r i d e s  i n  
N i co t i ne  (69 + 2 mg ld l )  vs Contro l  
( 71  + 4)  monkeys and w i t h  a  human 
study which showed t h a t  VLDL l e v e l s  
decl  i n e  du r i ng  acute smoking episodes 
(3 ) .  Since N i co t i ne  animals a l so  had 
s i g n i f i c a n t l y  lower amounts of IDL 
chol es te ro l  p l us  p r o t e i n  compared t o  
Contro ls (13 + 2 mg/dl vs 20 + Z), our  
data i n d i c a t e  t h a t  o r a l  n i c o t i n e  
i n take  reduces c i r c u l a t i n g  l e v e l s  o f  
LDL precursors i n  t he  VLDL+IDL+LDL 
metabol i c cascade (19).  Diminished 
VLDL and elevated LDL i n  N i c o t i n e  
primates (Table I )  i s  a l so  cons i s ten t  
w i t h  an e a r l i e r  s tudy which suggested 
t h a t  h igh  concentrat ions of product  
LDL i n  s q u i r r e l  monkeys may i n h i b i t  
hepat ic  sec re t i on  of -precursor VLDL 
(20) 

A l t e r n a t i v e l y ,  lower VLDL and IDL 
l e v e l s  and elevated LDL i n  n i c o t i n e  
t r ea ted  monkeys may be t he  r e s u l t  o f  
enhanced l i p o l y s i s  by LPL and HTGL. 

The former i s  respons ib le  f o r  
hyd ro l ys i s  of t h e  t r i g l y c e r i d e  core  o f  
VLDL and formation of IDL i n  ex t ra -  
hepat ic  t i s sues  (19) w h i l e  HTGL may 
c o n t r i b u t e  t o  t he  f i n a l  convers ion o f  
IDL t o  LDL (19).  Table I 1  shows t h a t  
t he re  was a  t r end  toward h igher  l e v e l s  
of both LPL and HTGL i n  N i co t i ne  
monkeys and t h a t  t o t a l  posthepar in 
1  i p o l y t i c  a c t i v i t y  was s i g n i f i c a n t l y  
g rea ter  i n  t h i s  group. Elevated LPL 
has p rev ious l y  been repor ted  i n  
smokers (21) and may account f o r  t he  
r a p i d  l i p o l y s i s  o f  VLDL and subsequent 
increase i n  plasma LDL i n  these 
i n d i v i d u a l  s  (3) .  Chronic o r a l  
n i c o t i n e  i n t a k e  i n  our pr imates may 
s i m i l a r l y  l ead  t o  e levated LDL through 
enhanced catabol ism o f  VLDL and 
remnant p a r t i c l e s  (Tables I and 11). 

Besides g rea te r  p roduc t ion  from 
VLDL, two o ther  mechanisms which may 
account f o r  t he  LDL increase i n  
N i co t i ne  monkeys are  accelerated 
d i r e c t  hepat ic  sec re t i on  and impaired 
c learance from the  plasma compartment. 
D i r e c t  hepat ic  p roduc t ion  of LDL has 
been repor ted  i n  humans w i t h  f a m i l i a l  
hyperchol es te ro l  emi a  (19) and i n  
norm01 i pemi c  s q u i r r e l  monkeys (22). 
Since a  subs tan t i a l  amount o f  o r a l  
n i c o t i n e  i s  absorbed i n  t h e  i n t e s t i n e  
and then metabol i zed  by hepat ic  
microsomes (1,23), t he  a1 k a l o i d  cou ld  
enhance LDL synthes is  by mod i fy ing  
hepatocyte smooth endopl asmi c  
re t i cu lum where 1  i pop ro te ins  are  

TABLE I 1  

E f f e c t  of Oral  N i c o t i n e  on 
Posthepar in Plasma L i p o l y t i c  Enzymes 

Treatment Groups 

Enzyme Cont ro l  N i c o t i n e  

L ipop ro te in  Lipase 22+2a 2 6 ~ 1  

Hepat ic T r i g l y c e r i d e  4+1 6 ~  1 
Lipase 

To ta l  L ipase 26+2 3 1 ~ 1  b  

a ~ a l u e s  represent  means t SEM fo r  7 
monkeyslgroup expressed as umole f r e e  
f a t t y  a c i d  re1 eased/ml/hr. 

b ~ i c o t i n e  mean s i g n i f i c a n t l y  d i f f e r e n t  
(P<0.05) from Cont ro l  mean. 
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manufactured p r i o r  t o  secre t ion .  I n  
t h i s  regard, chron ic  o r a l  n i c o t i n e  
i n t a k e  by  r a t s  a t  a dose comparable t o  
t h a t  g iven t o  our s q u i r r e l  monkeys 
increases hepat ic  microsomal enzyme 
systems and s t imu la tes  p r o t e i n  
synthesis (24). 

F i n a l l y ,  p r e l  im inary  r e s u l t s  from 
our l abo ra to ry  suggest t h a t  o r a l  
n i c o t i n e  may a lso  delay LDL c learance 
from c i r c u l a t i o n  and acce lera te  t rans-  
f e r  of cho les te ry l  e s t e r  from HDL+LDL, 
thereby over1 oadi ng t he  LDL p a r t i c l e  
w i t h  1 i p i d .  Consequently, o r a l  n i co -  
t i n e ,  independent of o the r  tobacco 
components, causes e leva t i ons  i n  
atherogenic LDL by m u l t i p l e  molecular  
mechanisms. Since LDL ac t s  as a major  
c i r c u l a t i n g  i n s u l  t t o  t he  a r t e r i a l  
w a l l  ( I ) ,  n i c o t i n e  induced patho- 
phys io log i ca l  a l t e r a t i o n s  i n  plasma 
1 i popro te i  ns have impor tan t  heal t h  
imp l i ca t i ons  f o r  humans who use 
smokeless tobacco products o r  chew 
n i c o t i n e  gum f o r  prolonged per iods.  
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