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Factors modifying cholesterol uptake by intestinal rings 

The role of the intestinal plasma membrane in determining intestinal absorption 
of cholesterol was investigated in jejunal slices from hamsters. The linearitv of uptake  
with concentration of micellar cholesterol, and low Q10 suggested uptake by simple 
diffusion 1. Requirement of metabolic energy, membrane integrity and cholesterol ex- 
change were then investigated for evidence of carrier-mediated processes. 

Sodium taurodeoxycholate (Maybridge Chemical Co., Tintagel, England), chol- 
esterol (Nutritional Biochemicals Corp., Cleveland, Ohio), i-monoolein (The Hormel 
Institute, Austin, Minn.) and [4-14C] - and [3Hlcholesterol (New England Nuclear 
Corp., Boston, Mass.) were 98 % pure or better, verified by thin-layer chromatography. 
Enzymes and metabolic inhibitors were obtained commercially. Micellar solutions 
(5.4 mM monoolein, o.25 mM cholesterol, 6.o mM sodium taurodeoxyeholate, Krebs-  
Ringer phosphate buffer, pH 6.3) were prepared with a Branson Sonifier Model SI25, 
7.5 A, 5 rain. Jejunal rings were mixed from hamster pairs of one sex fasted 24 h. 
Rings (lOO-2oo rag) were incubated in I ml micellar solution, with IO/,moles glucose 
in a Dubnoff metabolic shaker, at 37 °, for 3o rain, in lOO % O~. The fluid was decanted 
at termination. The rings were rinsed with chilled bile salt buffer. 

Experimental  modifications were: omission of glucose; comparison of N 2 for 
O 2 gas phases using a double hood; substitution of buffer ions; addition of test sub- 
stances, 2oo and 5oo ~g. Rings in modified media were incubated simultaneously 
with rings under control conditions. Results of experiments performed in duplicate 
3 times yielded means and standard errors. 

Lipids were extracted from homogenized rings and fluids before and after incu- 
bation. Lipid classes were separated by thin-layer silicic acid chromatography. The 
radioactivity of cholesterol was assayed by liquid scintillation counting z. Mean re- 
covery of radioactivity from tissues and media after incubation was 94% of the 
activity recovered from initial incubation solutions, entirely as free sterol. Uptake 
was calculated as m~moles cholesterol taken up per IOO mg intestinal rings. 

The mean uptake -~ S.E. for ~2 pairs of incubations of intestine with o.25 mM 
cholesterol (25o m/~moles) was 41.6 ~ 1.1o6 m/~moles (range 35.2-49.2)/lOO nag per 
3o rain, averaging 16.6 % of the sterol incubated (Table I). 

Metabolic activi@. When glucose was omitted, cholesterol uptake diminished 
by~ 19 %. In an atmosphere of N2, intestinal slices took up o~o O/~o less sterol than in O,,. 
When sodium azide was added, uptake of cholesterol decreased by 38 %. Iodoacet- 
amide increased cholesterol uptake by 57 °.0- 

Membra~w effects. Phospholipase A (phosphatide acyl-hydrolase, EC 3.1.1.4) 
addition to the incubation medium decreased sterol uptake 5o %. With 2 mM lyso- 
lecithin added to i mM cholesterol micellar solutions, sterol uptake after 8 rain was 
IOI mtmmles/Ioo mg (control, 2o2 m~moles) and at 3o min it was 136 m~moles 
(control, 224 m~moles). Inclusion of amphotericin B in incubations doubled chol- 
esterol uptake. 

Hypocholesteremic drugs. With nicotinic acid, sterol uptake increased by 5o %. 
Modificatiom where sterol ,uptake approximated simultaneous control values (range 

30.6-49.9 m~moles). Replacing buffer Na + by K+; addition of 2. 7 mM Ca 2+ and 
O '  O /  • 1. 3 mM Mg2+; NaF, KCN, N-ethyhnaleimide; dimethylsulfoxide I.O ,o or 2. 5 ,'o 
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TABIA c 1 

C H O L E S T F R O L  l." P T A  I'~ F, 

Cholesterol uptake is expressed in mpmoles • S.l 4. per Ioo mg {incubation, 3 ° rain with 2,50 
m/mloles cholesterol). Values m parentheses are the number of paired incubations. I ~ o.oot for 
all experimental values compared to control using Student 's l test .  Control value: 41.6 : ~.ol (~-'). 

Modi/icatio~ of Cholesterol uptake 
incubatiou ~,ixl,rc (m/t**whs A S.I '] .  /?g1" lOO 1fig) 

No glucose 33.3 :: I.OI (3} 
ioo% N e -'9.1 1.2o (3) 
Sodium azide {2oo/,g) 25.8 3.5 ° (3) 
lodoacetamide (2oot~g) (}5.3 : .t.2T (3) 
Ph(}spholipaseA (2oo!~g) 21.8 • L7[ (3) 
Amphotericin B (2oo Pg) 8{~.o ; 5.oo {3) 
Amphotericin B (5oo/~g) 73 .2 4 .6o (3) 
Nicotinic acid (2ooyg) (}-'.4 {}.S8 (3) 

v i t a m i n  A" n e o m y c i n ,  ce t r imide ,  e t hano l ;  t )hosphol ipase  C (phospha t idy lcho l ine  

cho l inephosphohydro l a se ,  EC 3.I .4.3),  t )hosphol ipase  D (phospha t idy lcho l ine  phos-  

p h a t i d o h y d r o l a s e ,  EC 3.1.4.4). 
Exchange between cholesterol previously taken up aud sterol in the medium. In- 

t e s t ina l  r ings were  i n c u b a t e d  8 rain in 4 beakers  wi th  • ml o.25 m M  lnicel lar  chol-  

es te ro l  c o n t a i n i n g  z24, 850 coun t s / r a in  aH choles te ro l  and  rinsed.  Tissues  f rom 

2 beakers  were  t r ans fe r r ed  i m m e d i a t e l y  to beakers  con t a in ing  i 7 5 o o  counts /n f in  

[4-14C]cholesterol and i n c u b a t e d  an add i t i ona l  8 rain. R a d i o a c t i v i t y  was lneasured  

in t issues  i n c u b a t e d  in Ja i l )choles terol  w i t h o u t  and  wi th  subsequen t  t r ans fe r  to 

~HC choles te ro l  so lu t ions  (Table II) .  R ings  took  up  labeled  choles tero l  f rom b o t h  

m e d i a  l in t  re leased  abou t  half  the  [aHicholester()l  t a k e n  up in t he  first 8 rain in to  

the  second i ncuba t i on  m e d i u m  in the  succeed ing  per iod,  d e m o n s t r a t i n g  exchange .  

TABLI'2 11 

] : ; X C H A N ( ; G  O F  C I t O L l z 2 S T F . R O L  B]£,T\V]*;IBN T I S S U ] : ;  A N D  I ' , I E I ) I U M  

l ncubalio, Up/abe W label 

Co,,ts~'miJz per ~oo mZ % 

First with 7al I]cholesterol 
Second with 14C :cholesterol 

n C :%r 1~ C a H 

o ,'¢ r 3 1  o {;..5 
1 (}t2 3 £ S  I IO.5 3. r 

I n h i b i t i o n  of ene rgy -y i e ld ing  reac t ions  had  smal l  inf luence  on choles tero l  u p t a k e  

t )  3,  in t e s t ina l  slices. K ine t i c  d a t a  d id  no t  suppor t  choles tero l  a c c u m u l a t i o n  " u p h i l l "  
aga ins t  a g rad ien t ,  or ac t i ve  t r a n s p o r t  1. S e g m e n t s  pe r fused  in vitro took  up  choles te ro l  
equa l l y  f rom m u c o s a  or  serosa, wi th  no a s y m m e t r i c  t r a n s p o r t  6. These  d a t a  i nd ica t e  

t h a t  mice l l a r  choles te ro l  is t aken  up by  the  in tes t ine  by  diffusion. S imi la r  conclus ions  
were  r eached  for f a t t y  ac id  up takea ,  4. i n  con t ras t ,  unde r  anae rob ic  condi t ions ,  and  
us ing  m e t a b o l i c  inh ib i to r s  in tes t ina l  abso rp t ion  of mos t  sugars  and  anf ino acids  was 
depressed  p r o f o u n d l y  i m p l y i n g  " a c t i v e "  t r a n s p o r t  a. 
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Phospholipase A releases hydrophobic segments of the liquid crystalline bi- 
molecular lipid leaflet of the cell membrane, and decreases ceil permeability. Lyso- 
lecithin, the product of phospholipase A action on lecithin, decreased sterol absorption. 
Neither phospholipases C nor D, affecting hydrophilic groups of phospholipids influ- 
enced sterol uptake. Lysolecithin may affect the membrane, the micellar dispersion 
of cholesterol, or its adsorptionL Where intestine was incubated with lysolecithin in 
similar concentration, it was taken up and acylated indicating viability of the prepa- 
ration s. Amphotericin B disrupts lipid structures containing sterols with a free 
hydroxyl group 9 when in contact with the sterol-containing surface. Interaction with 
membrane sterols affecting sterol orientation increases cell permeability ~°. Confor- 
mational changes induced may secondarily affect binding affinity and transport 
velocity of sterols. 

The cholesterol in the intestinal plasma membrane is large relative to phospho- 
lipid, with a ratio of I .  I I  (ref. ~I) resembling that  for the erythrocyte. Exchange of 
cholesterol between intestinal membrane and medium in the present study,, and 
between erythrocyte membranes and serum lipoproteins 1~, indicates processes differing 
from those in culture lymphocytes which showed no exchange of cholesterol between 
cells and medium la. In that  system, cholesterol was taken up by adsorption. 

Cholesterol is absorbed from a micellar phase of intestinal content containing 
conjugated bile salts, fa t ty  acids, monoglycerides and lecithin (or lysolecithin). Fa t ty  
acids, monoglycerides and cholesterol may be absorbed by diffusion fronl a molecular 
phase, rather than a micellar phase ~4. The mechanism of entry of individual micellar 
components such as cholesterol into intestinal epithelial cells is as yet unknown and 
warrants further investigation at the cell, organ and whole animal level. 
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