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Abstract .  Male s q u i r r e l  monkeys fed ethanol  (ETOH) a t  v a r i a b l e  
doses were used t o  determine whether a lcoho l  mod i f ies  l e v e l s  o f  
plasma low dens i t y  1  i pop ro te ins  (LDL) i n  a d d i t i o n  t o  inc reas ing  
h igh  dens i t y  1  i popro te i  ns (HDL) . Because we e a r l  i e r  showed t h a t  
h i gh  a1 cohol consumption enhances 1 i p o p r o t e i n  chol  ester01 syn- 
thes is ,  experiments were a l so  performed t o  f u r t h e r  assess whether 
ETOH a1 t e r s  1  i p o p r o t e i n  clearance and plasma t rans fe r  processes 
i n  v ivo .  Monkeys were d i v i ded  i n t o  t h ree  groups: Contro ls fed - 
i s o x r i c  l i q u i d  d i e t ;  and Low and High ETOH animals f ed  l i q u i d  
d i e t  w i t h  vodka s u b s t i t u t e d  i soca l  o r i c a l  l y  f o r  carbohydrate a t  12 
and 24% of ca lo r i es ,  r espec t i ve l y .  High ETOH pr imates had 
s i g n i f i c a n t l y  more LDL l i p i d  and p r o t e i n  w h i l e  serum glutamate 
oxal  oacetate transamjnase was s imi  1  a r  f o r  t he  t h ree  groups. 
Although removal o f  H LDL cho les te ry l  e s t e r  (CE) f rom the  plasma 
compartment was n o t  a f f e c t e d  by d i e t a r y  ETOH, t r a n s f e r  o f  LDL CE 
t o  HDL was impaired i n  t he  High ETOH group suggesting a  echanism 
f o r  t he  enlarged c i r c u l a t i n g  pool o f  LDL. Transfer  o f  "C HDL CE 
t o  lower dens i t y  l i p o p r o t e i n s  was s i m i l a r  f o r  t h e  t h ree  groups. 
However, ETOH a t  bo th  doses delayed clearance o f  r ad io1  abeled HDL 
CE from c i r c u l a t i o n .  Thus besides enhancing synthesis of 
1  ipopro te ins ,  ETOH a t  a  moderately h i gh  dose (24% of c a l o r i e s )  
in f luences  1  i p o p r o t e i n  l e v e l s  i n  primates by mod i fy ing  1  i p i d  
t r ans fe r  processes (LDL) as w e l l  as by a l t e r i n g  c learance (HDL) 
w i t hou t  adversely a f f e c t i n g  1  i v e r  f unc t i on .  o 1985 soc ie ty  for  

Experimental Biology and Medicine. 

Elevat ions  i n  low dens i t y  l i p o p r o -  
t e i n  (LDL) a re  associated w i t h  r i s k  o f  
coronary h e a r t  disease (1 )  w h i l e  
increased 1  eve1 s  o f  h i gh  dens i t y  
1  i pop ro te ins  (HDL) may have a  protec-  
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t i v e  e f f e c t  (2). A1 though recent  
a t t e n t i o n  has focused on ETOH induced 
e leva t ions  i n  HDL and reduced coronary 
a r t e r y  occ lus ion  ( 3 ) ,  t he  e f f e c t  o f  
1  ow-moderately h i gh  chron ic  a1 cohol 
consumption on LDL l e v e l s  i s  l ess  
c l ea r .  For example, Taski nen e t  a1 . 
(4) repor ted  reduced LDL i n  a l coho l i cs  
w i t h  normal l i v e r  f u n c t i o n  w h i l e  
Goldberg e t  a1 ( 5 )  and Crouse and 
Grundy (6)  showed no a1 t e r a t i o n s  i n  
t h i s  l i p o p r o t e i n  c l ass  i n  nonalcohol- 
i c s  f o l l ow ing  acute vs chron ic  per iods 
o f  ETOH in take,  respec t ive ly .  LDL i s  
however, e leva ted  i n  r a t s  (7)  and p ig -  
t a i  1  ed macaques (8) g iven d i e t a r y  ETOH 
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a t  36% o f  c a l o r i e s  and i n  a l coho l i cs  
w i t h  f a t t y  l i v e r  ( 9 ) .  We r e c e n t l y  r e -  
por ted  increases i n  very  low dens i ty -  
1  ow dens i t y  1  i p o p r o t e i n  (VLDL-LDL) 
cho les te ro l  i n  a the rosc le ros i s  
suscept ib le  s q u i r r e l  monkeys fed ETOH 
a t  24% o f  c a l o r i e s  (10). One goal of 
t he  present  study was the re fo re  t o  
determine whether t h i s  VLDL-LDL 
increase was the  r e s u l t  o f  e l eva t i ons  
i n  LDL o r  both lower dens i t y  
1  i p o p r o t e i n  classes. 

Theo re t i ca l l y ,  ETOH-induced changes 
i n  1  i pop ro te i  n  1  eve1 s  cou ld  resu l  t 
from mod i f i ca t i ons  i n  synthesis,  
clearance o r  plasma t rans fe r  processes 
( 1 , )  E s s e n t i a l l y  no th ing  i s  known 
about ETOH's e f f e c t  on l i p i d  t r ans fe r  
p ro te ins  which p l a y  an impor tan t  r o l e  
i n  t he  r e d i s t r i b u t i o n  o f  l i p i d s  among 
VLDL, LDL , and HDL (11,12). On the  
o the r  hand, an e a r l i e r  r a t  ex er iment 
(7 )  and our pr imate study (137 have 
demonstrated t h a t  ETOH may increase 
HDL by s t i m u l a t i n g  de novo synthesis.  
By cont ras t ,  a  recent  i n v e s t i g a t i o n  
has provided i n d i r e c t  evidence t h a t  
acute i nges t i on  o f  a lcoho l  causes an 
e leva t i on  i n  HDL as a  r e s u l t  o f  de- 
1  ayed clearance (5) .  The second goal 
o f  t he  present  study was there fore  t o  
determine whether chron ic  i n t a k e  of 
ETOH inf luences t he  r a t e  of removal of 
LDL and HDL from the  plasma compart- 
ment o r  exchange o f  t h e i r  l i p i d  
components i n  v ivo .  

Ma te r i a l s  and Methods. F i f t e e n  year-  
1 i n g  male Bol i v i a n  s q u i r r e l  monkeys 
were assigned t o  t h ree  t reatment 
groups cons i s t i ng  o f  5  monkeys/group: 
1)  Contro ls fed i s o c a l o r i c ,  chemical l y  
defined Juven i l e  Primate L i q u i d  D i e t  
#19 purchased from BioServ, Inc .  
(Frenchtown, NJ) ; 2) Low ETOH animals 
fed l i q u i d  d i e t  w i t h  100 p roo f  vodka 
subs t i t u ted  i soca l  o r i c a l  l y  f o r  carbo- 
hydrate (sucrose, ma1 tose -dex t r i  n, 
d e x t r i n )  a t  12% of t o t a l  ca lo r i es ;  and 
High ETOH monkeys g iven l i q u i d  d i e t  
p l us  vodka subs t i t u ted  i s o c a l o r i c a l l y  
and represent ing  24% o f  t o t a l  
ca lo r i es .  D i e t  #19 had a  c a l o r i c  
dens i t y  of 0.87 kcal/ml , a c a l o r i c  
d i s t r i b u t i o n  o f  18.4% p ro te in ,  29.4% 
f a t ,  and 52.2% carbohydrate, and a  
polyunsaturated/saturated f a t t y  a c i d  
r a t i o  of 1.0. Feeding pro toco l ,  
pr imate housing , monthly b lood 
c o l  1  e c t i  ons , and plasma chol  es t e r o l  

and serum glutamate oxaloacetate 
transaminase (sGOT) assays were 
performed as p rev ious l y  descr ibed 
(10,13). A f t e r  24 months o f  
treatment, VLDL and LDL were i s o l a t e d  
by sequent ia l  u l t r a c e n t r i f u g a t i o n  
(14).  L i pop ro te in  cho les te ro l  , pro- 
t e i n  and phospho l ip id  were measured as 
d e ~ c r i  bed e a r l i e r  (15) .  

H  LDL and C HDL CE were prepared 
i n  v i t r o  exac t l y  as o u t l i n e d  by -- 
Portman e t  a1 (14).  The i n j e c t e d  H 
LDL had 140pg t o t a l  cho les te ro l ,  1 1 3 ~ g  
p ro te in ,  a  s p e c i f i c  a c t i v i t y  o f  
11,685,848 DPM/mg cho les te ro l ,  and a  
l a b e l  d i s t r i b u t i o n  o f  5% nones te r i f i ed  
cho les te ro l  nd 95% CE. Comparable 
values f o r  14c HDL were 2 6 0 ~ g .  6 3 2 ~ 9 ,  
1,979,161 DPM/mg and 3% and 97%. 
Radiolabeled LDL and HDL were combined 
and i n j e c t e d  in t ravenous ly  i n t o  
fasted,  unanesthet i  zed monkeys. Blood 
samples were c o l l e c t e d  a t  2,5,10,20, 
30,90, and 120 min, HDL was separated 
from VLDL-LDL (16),  and a1 i quo ts  from 
each f r a c t i o n  were removed f o r  1  i q u i d  
s c i n t i l l a t i o n  count ing.  HDL rad io -  
a c t i v i t y  was cor rec ted  t o  a  plasma 
volume ca l cu la ted  as 4% o f  body 
weight .  Mean values f o r  t he  t h ree  
groups were analyzed f o r  s i g n i f i c a n t  
d i f f e rences  (Pc0.05) by ana l ys i s  of 
var iance and Duncan ' s  Mu1 t i p 1  e  range 
t e s t .  

Resul ts  and Discussion. There were no 
s i a n i f i c a n t  d i f f e rences  between the  

i n  SGOT (range 80-91 IU/ml) 
suggesting t h a t  chron ic  a1 coho1 i n t a k e  
d i d  n o t  d i s t u r b  l i v e r  f unc t i on .  Body 
weights o f  Contro l ,  Low and High ETOH 
monkeys were 650~63,  745t50 and 
638+27g, respec t i ve l y ,  a t  t he  onset of 
t he  study and 900+51, 9 6 0 ~ 3 4  and 
6952799 a f t e r  24 months o f  treatment. 
High ETOH animals had s i g n i f i c a n t l y  
more plasma cho les te ro l  and tri- 
g l yce r i de  (289+9, 106+5mg/dl) than Low 
ETOH (22123, 94+3mg/dl) and Contro l  
(233+7, 86+3mg/dl) primates. VLDL 
cho les te ro l  (range 3-4mg/dl) and 
p r o t e i n  (range 11-14mg/dl) were 
s i m i l a r  f o r  t he  t h ree  groups. 
However, High ETOH monkeys had more 
LDL l i p i d  and p r o t e i n  than the  o ther  
t reatment groups (Table 1) .  Th is  
f i n d i n g  represents t he  f i r s t  
demonstrat ion o f  ETOH induced e l  eva- 
t i o n s  i n  LDL i n  nonhuman primates 
w i t hou t  accompanying l i v e r  disease a t  
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TABLE I 

Effect of Ethanol (ETOH) Consumption 
on Low Density L ipoprote in  (LDL) 

Compos i ti on 

Treatment Groups 
Low Hish 
ETOH ETOH 

Const i tuent Control (12%) (24%) 

Chol estero l  8 ~ + 5 ~  y b  86t5 109211 b 

Phosphol i p i d  5 ~ t 4 ~  53tzb 68+6 b 

Prote in  69+5b 7524b 94+8 b 

a ~ a l u e s  represent means + SEM for  5 
monkeys/group expressed as mg/dl . 
b ~ i g h  ETOH mean s i g n i f i c a n t l y  
d i f f e r e n t  (Pc0.05) from means o f  other 
groups w i t h  superscr ip t  b. 

a lower c a l o r i c  dose (24%) than 
p rev ious l y  repor ted  (8 ) .  However, t he  
observed LDL increase i n  our  High ETOH 
monkeys must a l so  be viewed i n  l i g h t  
o f  t h e  concurrent  e l eva t i on  i n  a n t i -  
atherogenic HDL which we r e c e n t l y  r e -  
por ted  i n  these animals (13). E a r l i e r  
s tud ies  documented e leva t ions  i n  LDL 
l i p i d  i n  a l coho l i cs  w i t h  f a t t y  l i v e r  
(9 )  and i n  r a t s  and monkeys (7,8) f e d  
ETOH a t  36% o f  c a l o r i e s .  On the  o the r  
hand, LDL apoprote in B i s  no t  a1 t e red  
i n  p i gs  fed ETOH as 26% of c a l o r i e s  
(17) o r  i n  a l coho l i cs  w i t hou t  hepa- 
t i t i s  (18) .  Other s tud ies  i n v o l v i n g  
nonalcohol ics have shown a wide range 
o f  a1 coho1 -LDL responses i n c l u d i n g  no 
e f fec t  (19), p o s i t i v e  (20) and nega- 
t i v e  (21) assoc ia t ions .  The exact  
reason f o r  these discrepancies i s  
unclear.  

E leva t ions  i n  LDL cou ld  r e s u l t  f rom 
enhanced synthesis , impaired clearance 
o r  a1 t e r a t i  ons i n  plasma t r a n s f e r  
processes. We r e c e n t l y  showed t h a t  
Yigh ETOH primates incorpora ted  more 

H meval on01 actone i n t o  VLDL-LDL 
chol  es te ro l  compared t o  Contro l  s  sug- 
ges t ing  t h a t  accelerated product ion  
may c o n t r i b u t e  t o  LDL e l  e v a t i  ons (10). 
Delayed c learance d i d  n o t  con t r i bu te  
t o  t he  LDL increase i n  t he  present  
study s ince  t h e  r a t e  of removal o f  H 
LDL CE from the  plasma compartment was 
s i m i l a r  f o r  t he  t h ree  treatments. 

However, a l though t h e  t r a n s f e r  of 14c 
CE from HDL t o  VLDL-LDL was n o t  
a l t e r e d  Qy ETOH, t he  rec ip roca l  move- 
ment o f  H CE from LDL t o  HDL was 
impaired i n  both a lcoho l  groups 
(F ig .  1 )  B i d i r e c t i o n a l  t r a n s f e r  of 
CE between LDL and HDL i s  f a c i l i t a t e d  
by 1 i p i d  t r a n s f e r  p ro te ins  (11,12). 
Data i n  Fig.  1 prov ide  t h e  f i r s t  
account o f  an ETOH associated d i s t u r b -  
ance i n  t h i s  process and suggest t h a t  
besides enhanced synthesis,  d iminished 
t r ans fe r  a c t i v i t y  may a l so  increase 
the  pool of c i r c u l a t i n g  LDL i n  High 
ETOH monkeys. Impaired l i p i d  t r a n s f e r  
may i n  t u r n  be r e l a t e d  t o  depressed 
1 e c i  t h i n :  chol  e s t e r o l  acy l  t ransferase 

- Mlgh Ethanol 
-Low Ethanol 
M control 

Fig. 1 I n  v i vo  t rans fe r  o f  plasma 
3~ LDL cho'k*l ester  t o  HDL. Time 
points  represent-mean + SEM f o r  3-5 
monkeys/group. L, H, and LH ind ica te  
s i g n i f i c a n t  d i f ference (Pc0.05) 
between Controls and Low ETOH, High 
ETOH and both Low, High ETOH groups, 
respect ive ly  . 
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(LCAT) which we observed i n  High ETOH 
animals (22) s ince  t he  a c t i v i t y  o f  
LCAT and t r a n s f e r  p ro te ins  a re  c l o s e l y  
coordinated (11). 

Although a lcoho l  d i d  n o t  i n t e r f e r e  
w i t h  t he  t r a n s f e r  o f  l i p i d  from HDL t o  
t he  lower dens i t y  l i pop ro te ins ,  ETOH 
r e l a t e d  a1 t e r a t i o n s  i n  synthesis and 
c learance are  two explanat ions f o r  t h e  
e leva t ions  i n  HDL cho les te ro l  we 
e a r l i e r  observed i n  High ETOH animals 
(13). Simi 1  a r  t o  VLDL-LDL , the  24% 
ETOH regimen a l so  enhanced HDL choles- 
t e r o l  synthesis (10,13). Furthermore, 
F ig.  2 shows t h a t  ETOH a t  both c a l o r i c  
doses caused a  delay i n  HDL CE c l e a r -  
ance from the  plasma compartment. 
When Low and High ETOH values i n  
Fig.  2 were combined as a  s i n g l e  
a1 coho1 group, t - t e s t  ana l ys i s  
revea l  ed s i g n i f i c a n t  d i  ff erences 

cr High Ethenol 
cr Low BthawI 
M Control 

2 I n  vivo clearance o f  14c HDL 
ch:*ryrez from the plasma. 
Time points and s t a t i s t i c a l  s i g n i f i -  
cance same as i n  Fig. 1 legend. 

compared t o  Contro l  means a t  
10,20,60,90 and 120 min. 

The mechanism by which ETOH slows 
c learance o f  HDL from c i r c u l a t i o n  may 
be r e l a t e d  t o  t he  a c t i v i t y  o f  hepat ic  
t r i g l y c e r i d e  l i p a s e  (HTGL) which p lays 
a  key r o l e  i n  removing HDL from the  
blood, degrading i t s  1  i p i d s  and 
f a c i l i t a t i n g  i t s  d e l i v e r y  t o  t he  l i v e r  
(4,5). Goldberg e t  a1 ( 5 )  showed t h a t  
e leva t ions  i n  HDL i n  nonalcohol ics 
du r i ng  acute ETOH in take  r e s u l t e d  from 
i n h i b i t i o n  o f  HTGL. Furthermore, 
Redgrave and M a r t i n  (23) suggested 
t h a t  impaired hepat ic  uptake was 
respons i b l  e  f o r  de l  ayed c  h y l  omicron 
remnant c learance i n  r a t s  f ed  ETOH a t  
36% o f  c a l  o r i e s  . 

I n  summary, our  r e s u l t s  a re  novel i n  
t h a t  they show t h a t  besides cont r ibu-  
t i n g  t o  e leva t i ons  i n  an t i -a therogen ic  
HDL, ETOH a t  24% o f  c a l o r i e s  a l so  i n -  
creases atherogenic LDL. Accelerated 
synthesis as w e l l  as ETOH associated 
impairment i n  CE t rans fe r  from LDL t o  
HDL may both c o n t r i b u t e  t o  t he  
enlarged c i r c u l a t i n g  pool o f  LDL i n  
High ETOH animals. I n  add i t ion ,  we 
have provided the  f i r s t  d i r e c t  i n  v i v o  
evidence i n  primates t h a t  a lcohol  a t  
moderately h i gh  doses increases HDL 
l e v e l s  by a l t e r a t i o n s  i n  two important  
mol ecul  a r  mechani sms : 1)  enhanced de 
novo synthesis (13) and 2) delayed 
plasma clearance. 

The authors express t h e i r  s incere  
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