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SUMMARY 

The kinetics of E4-x4C]cholesterol uptake by intima-media layers of thoracic 
aortas from normal rabbits have been studied by use of an in vitro method. 

i. The uptake of labelled cholesterol was followed during a 4-h period. The 
uptake curve shows an initial steep rise (estimated from the I5-min uptake value) 
followed by a step which has a less steep, obviously rectilinear course. 

2. The initial uptake of labelled cholesterol was found not to depend signifi- 
cantly on temperature (4-38°). The initial uptake is probably due to a superficial 

fixation of labelled cholesterol. 
3. The rate of ElaC~jcholestero 1 uptake after the initial 15 min is, on the contrary, 

temperature dependent, presumably due to two processes having different tempera- 
ture dependences. One of the hypothetical processes is assumed to have a tempera- 
ture optimum at 20°; the other has an "activation energy" of about 18 kcal/mole. 
Judging from the temperature dependence, the t14C~choleste rol uptake corres- 
ponding to the second phase of the uptake is thought to represent transport of cho- 
lesterol across the endothelial cell membrane. No causal explanation of the course 
of the uptake-temperature curve in the interval about 20 ° can be given at the present. 

4. The transfer rate of cholesterol from serum to intima-media is of the same 

order of magnitude as that  found in vivo. 
5. The relationship between the rate of cholesterol transfer from serum to 

intima-media and total cholesterol concentration within the normal range (27 to 
lO 7 mg per IOO ml serum) is similar to the relationship between the velocity of an 
enzymatic reaction, showing substrate saturation phenomenon, and substrate con- 
centration. In the model the initial uptake corresponds to the formation of enzyme- 
substrate complex. Other interpretations of the relationship between cholesterol 
transfer rate and cholesterol concentration are discussed. 

6. Finally, the similarity of the kinetics found in this study with those for 
protein uptake by Ehrlich ascites-tumor cells and Amoeba proteus, assumed to be due 

to pinocytosis, is emphasized. 
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INTRODUCTION 

In order to throw light on the mechanism of cholesterol uptake by  the intima- 
media of the thoracic aorta of normal rabbits an in vitro method for the measurement 
of serum cholesterol uptake at the intimal surface was previously developed 1. The 
method made it possible to establish control conditions for the study of the influence 
of various parameters  on the cholesterol uptake by the use of hemisegments from the 
same thoracic aorta. 

The present paper is concerned with the kinetics of the cholesterol uptake 
process. By the use of [4A4C]cholesterol--incorporated into serum lipoprotein by a 
biosynthetic route~--the rate of cholesterol transfer across the intimal surface from 
serum to int ima-media has been evaluated. Furthermore, tile dependence of chole- 
sterol transfer rate on serum cholesterol concentration and temperature is considered. 

MATERIALS AND METHODS 

Animals  
The animals used in the experiments were obtained from uniform breeds of 

adult white female rabbits (from The Danish State Serum Institute). They were 
used at an age of 4-6 months. Previous to the experiments the rabbits were fed an 
ordinary vegetable diet. Before exsanguination the serum donor rabbits were de- 
prived of food for 24 h. 

Methods 
The preparation of aortic hemisegments, the serum-labelling procedure, the 

incubation technique and the analytical details have been described previously 1. 
In t ima-media  layers were prepared from the central parts of right and left hemi- 
segments, cut out at two levels of the thoracic aorta. One of the two corresponding 
intima-media layers from the same level of the thoracic aorta was used as a control 
for the other. 

The label used was 14C in the biologically stable 4-position of the cholesterol 
molecule s. The [14C~cholesterol-containing serum from one donor rabbit  was sufficient 
for 20-24 incubations comprising aortic segments from 5-6 animals. 

The net 14C activities found in the aortic intima-media layers ranged from 
lO% to 300% of the background. For each sample 4ooo-lo  ooo counts were recorded. 
The background value was determined almost daily. Blind samples from non- 
incubated tissue ensured that  the low activities were not simply due to contamina- 
tion during the preparation procedure. 

The intima-media uptake of labelled cholesterol was studied relative to the 
following 3 parameters:  

I. Time. The dependence of intima-media uptake of [~4C]cholesterol on t ime 
was estimated from experiments of 15, 60, 12o, 18o and 24 ° min duration at 38°. To 
eliminate individual variations the uptake is expressed relatively (as a fraction of 
control uptake, i.e. the uptake value for the corresponding intima-media following 
a 24o-min incubation at 38°). To obtain sufficient observations, sera with various 
cholesterol concentrations were inevitably used. 

2. Serum cholesterol concentration. For the description of the relationship 
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between I14C~cholesterol uptake or cholesterol transfer rate and serum cholesterol 
concentration use has been made of the various series of control uptake values at 
38o (24 ° rain). The latter were obtained from the experiments performed to deter- 
mine the relationship between [14Clcholesterol uptake and time or temperature as 
well as the elimination experiments, in which one of the two corresponding intima- 
media layers served as control for the other. The cholesterol concentration of the 
sera used ranged from 27 to lO 7 mg per IOO ml. 

3. Temperature. The intima-media uptake of labelled cholesterol was measured 
in 24o-min incubations at 4 °, i5 °, 2o °, 26 °, 320 and 380 and in I5-min incubations at 
4 ° and 38°. The final CO 2 equilibration took place at the temperature in question. 
In the 24o-min experiments, the uptake is expressed relative to a control, viz. the 
uptake value for the corresponding intima-media following a 24o-min incubation at 
38 °. In the I5-min experiments the uptake is expressed relative to a control, viz. 
the uptake value for the corresponding intima-media following a I5-min incubation 
at  38°. By means of a conversion factor found for the uptake- t ime relationship the 
I5-min uptake at 4 ° is also expressed relative to the uptake value at 38° for t =-- 
240 rain. 

Elimination of labelled cholesterol from intima-media. 
Aortic hemisegments previously incubated for 15 or 24 ° min at 38° in serum 

containing labelled cholesterol were washed in a slightly modified Krebs-Ringer 
solution 1 and then transferred to serum without labelled cholesterol, but having 
almost the same cholesterol concentration. The incubations in serum without labelled 
cholesterol were carried out at 380 for 15 min and followed by washing and prepara- 
tion of central intima-media layers as described earlier 1. 

RESULTS 

The intima-media uptake from serum of lipoprotein-bound [14CJcholesterol as a function 
of time 

The results primarily originate from 3 main groups of experiments: the cho- 
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Fig. 1. The  u p t a k e  o f  [14C]cholesterol b y  i n t i m a - m e d i a  layers  f r o m  the  uppe r  p a r t  of  t he  thorac ic  
a o r t a  as  a func t ion  o f  t i me  (the u p t a k e  is expressed  as a f rac t ion  of  t h e  24o-mii1 up take) .  Temp . ,  
38°; p H  7.35 • o.o4 (S.D.). S e r u m  cholesterol  concen t ra t ion ,  43-61 m g  per  i o o m l .  E a c h  
po in t  r ep resen t s  t he  m e a n  of  t he  n u m b e r  of  s amples  ind ica ted  in pa r en the se s  ± I S.E. 
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les terol  concen t ra t ion  in Group  I ranged  from 43 to 61 mg per  IOO ml  (n ---- 24), in 
Group I I  i t  was 27 mg per  i oo  ml  (n = 6), and  in Group  I I I  i t  was 80 mg per  IOO ml 
(n = 9). The  24 resul ts  f rom Group I are shown in Fig.  I .  

As the  samples  in Group I are g rouped  wi th  regard  to  t ime it  is possible to 
tes t  the  l inear i ty  of  the  regression funct ion b y  compar ing  the var iance  of  the  group 
means  at  different t imes  about  the  regression line wi th  the  var iance  wi th in  the  
groups a t  different  t imes  ~. The  tes t  quo t i en t  is o.o47, and  the  value  of  the  significance 
l imi t  F(3 ,  19) for P = 0.05 is 3.13. The s ta t i s t ica l  tes t  therefore  does not  d isprove the  
l i nea r i ty  of the  regression funct ion in Fig.  I .  The equat ion  of  the  regression line in 
Fig.  I is: 

14C activity (t) 

I4C activity (240) 
= o.i88t + 0.25 

B y  an analysis  of  covar iance  4 i t  was then  tes ted  whe ther  the  re la t ive  u p t a k e -  
t ime  re la t ionship  a t  different  cholesterol  concen t ra t ions  m a y  be descr ibed b y  the  
same regression line. The resul ts  of  the  analysis  are shown in Table  I. As the  mean  
squares  in lines I ,  2 and  3 in Table  I are not  s ignif icant ly  different,  homogeneous  

TABLE I 

A N A L Y S I S  O F  C O V A R I A N C E  

Cholesterol concentration Deviations from regression 

f bv,z f ,,~y2_ (,~,xy)2/Z, x2 Mean 
square 

I 27 mg% 5 0.234 4 
2 43-61 mg% 23 o.188 22 
3 80 mg% 8 0.264 7 

4 Within 33 
5 Regression coefficients 2 
6 Common 36 0.208 35 
7 Adjusted means 2 
8 Total 38 o.205 37 

0.0822 0.0206 
o.8217 0.0374 
o.2478 o.o354 

1.1517 o.o349 
o.o627 o.o314 
1.2144 o.o347 
o.0o86 o.oo43 
1.223 ° o.o331 

var iance  will be assumed.  The  ra t io  be tween  the  mean  square for regression coeffi- 
cients (line 5) and  the  mean  square  wi th in  samples  (line 4) is 0.90; d.[. : 2, 33. Thus  
the  sample  regression coefficients are found not  to  differ significantly.  The ra t io  
be tween the  mean  square  for a d i u s t e d  means  (line 7) and  the  mean  square for 
c o m m o n  regression (line 6) is 0.24; d. f . :2 ,  35. The value  lacks significance at  the  5 %  
level.  Thus  the  e leva t ion  of  the  regression lines is found  no t  to  differ significantly.  

The conclusion is t h a t  the  re la t ive  up t ake  as a funct ion of  t ime m a y  be des- 
cr ibed b y  the  same regression line in the  3 main  groups a t  different cholesterol  con- 
cent ra t ion .  The  regression line ca lcu la ted  from all observa t ions  has  the  following 
equa t ion  : 

14C activity (t) 

14C activity (24o) 
= o.2o5t + o.22 
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Fig. 2. The up take  of  [14C]cholesterol by in t ima-media  layers f rom the  upper  pa r t  of the  thoracic 
aor ta  as a funct ion o f  t ime (the up take  is expressed as a fract ion of  the  24o-min uptake).  Pooled 
observat ions  f rom 3 main  groups a t  various cholesterol  concent ra t ions  (for fur ther  explanat ion  
see text) .  Temp.,  38°; p H  7.35 4- 0.04 (S.D.). Each  po in t  represents  the  mean  of  the  number  of 
samples indicated in parentheses  4- I S.E. 

The standard error of the slope 0.205 is 0.022. The last term of the equation is 
different from zero (t = 4.53, P < o.ooi). 

Fig. 2 shows the pooled results from all 3 main groups at different cholesterol 
concentration. The mean values ~z I S.E. are shown and the regression line is pre- 
sented. Figs. I and 2 show that  at 38o the relative rate for the [a4C~cholesterol up- 
take process is initially high. Following the first 15 min of incubation the rate is 
lower and apparently constant within the experimental time. Rearranging the 
equation of the common regression line we get the equation : 

1'C activity(t) = 1'C activity(24o ) X (o.2o5t + 0.22) 

The rate at 380 for the [14C~cholesterol uptake process corresponding to the second 
phase is: 14C activity(24o) × 0.205. Thus we are able to calculate this rate from the 
24o-min uptake value by multiplication with the slope of the regression line shown 
in Fig. 2, if the conditions are the same as in these experiments with regard to tem- 
perature, pH and factors which othelwise might influence the slope. 

As the rate for the [x4C~cholesterol uptake process corresponding to the second 
phase seems to be constant within the experimental time, it is reasonable to assume 
that  the calculated rate for this phase is the transfer rate for [14C]cholesterol from 
serum to intima-media, because any significant t ransport  of [14C~jcholesterol in the 
opposite direction would make the curve flatten off (see later: DISCUSSION). The 
rate of cholesterol transfer (/zg per cm * intimal surface per h) from serum to intima- 
media following the initial phase can therefore be calculated by dividing the transfer 
rate for Ea4C~cholesterol by  the specific activity of the cholesterol found in the serum 
used for incubation. 

In the experiments mentioned above, the intima-media layers originated from 
the upper part  of the thoracic aorta. For intima-media layers from the lower half 
of the thoracic aorta a similar qualitative uptake- t ime relationship is reasonable to 
assume. From i i  experiments with "lower" intima-media layers in which the latio 
a4C activity(t): 14C activity(24o ) was determined for t = 15 mill (n = 5), t ~ I2o min 
(n - -  I) and t = 240 rain (n ~ 5), the slope of the second step of the relative uptake 
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curve was calculated to be o.235 ± o.o14 (S.E.) (Fig. 5). This value is not signi- 
ficantly different from that calculated for upper intima-media layers (0.205 4- 0.022). 

The [14C]cholesterol uptake by intima-media layers from segments of the 
upper and lower part of the same thoracic aorta was measured following incubation 
at 38° for 24 ° min. The upper and lower segments from the same thoracic aorta were 
incubated in the same serum. On an average, the intima-media layers from the 
upper part had a 12% greater uptake per cm ~ intimal surface than those from the 
lower part. The actual average difference was 2. 7 4- i . i  (S.E.) counts/min; n ---- 39; 
P ~ o.o2. As the regression coefficient found above for intima-media layers from the 
upper part of the thoracic aoIta is 13% lower than that  for intima-media layers from 
the lower part, the calculated transfer rates for cholestelol corresponding to the 
second phase of the uptake process do not differ for upper and lower intima-media 
layers. This indicates that the initial uptake of [14CJcholesterol is greater for upper 
than for lower intima-media layers, other things being equal. 

The influence of serum cholesterol concentration upon transfer rate of serum cholesterol 
Before presentation of the relationship between cholesterol transfer rate and 

concentration of total cholesterol it will be mentioned that the ratio between the 
concentrations of esterified cholesterol and total cholesterol was determined for 
various sera and found not to change as a function of the concentration of total 

T A B L E  I I  

THE RATIO BETWEEN ESTERIFIED CHOLESTEROL AND TOTAL CHOLESTEROL FOUND IN SERA WITH 
VARIOUS CONCENTRATIONS OF TOTAL CHOLESTEROL ( W I T H I N  THE NORMAL RANGE) 

The ra t io  was d e t e r m i n e d  by  chemica l  as well  as r ad ioac t ive  analysis .  

Rabbit Concentration of 
No. total cholesterol in 

serum (rag/too ml) 

Esterified /total cholesterol 

Chemical Radioactive 
delerminalion determination 

316 A 40.4 0 7 5  0.76 
357 A 40.8 o.81 0.82 
429 D 46.9 0.84 0.84 
623 A 53.7 o-77 o.75 
751 A 54-3 0.72 o.71 
359 D 73.5 o.77 0.76 
407 E 77.1 o-79 0.77 
324 E lO 7 0.76 0 7 5  

cholesterol (Table II). The separation of free end esterified cholesterol was performed 
as earlier described I by the method of CARROLL 5. 

Fig. 3 shows the cholesterol transfer rate (/,g per cm z intimal surface per h) at 
380 versus serum cholesterol concentration. The transfer rates were calculated as 
described above. Each point is a mean value for intima-media layers from the 
lower part of 3~5 thoracic aortas. In Fig. 4 is shown the relationship between the 
reciprocal cholesterol concentration and the reciprocal transfer rate for the same 
observations as in Fig. 3. The plot in Fig. 4 is similar to a LINEWEAVER-BURK plot s, 
known from enzymology, and often used in studies on biological transport mecha- 
nisms for the demonstration of saturation of the transport mechanism. 
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Fig. 3. Ra t e  of  cholesterol  t r ans fe r  f r om s e r u m  to i n t i m a - m e d i a  (from the  lower pa r t  o f  the  tho-  
racic aorta)  versus t o t a l  cholesterol  concent ra t ion .  Temp. ,  38°; p H  7-35-4-0 .04 (S.D.). The  
po in t s  are  g roup  m e a n  va lues  f rom 3-6  samples .  

Fig. 4- Reciprocal  ra te  o f  choles terol  t r ans fe r  versus reciprocal  cholesterol  concen t r a t ion  (Line- 
w e a v e r - B u r k  plot). The  s ame  obse rva t ions  as in Fig. 3. The  regress ion line ca lcula ted  f rom all 
single obse rva t ions  is p r e sen t ed  (n ~ 29). 

In Figs. 3 and 4 normal distribution within each group of reciprocal transfer 
rates is assumed. In Fig. 4 the ratio between the variance of the group means about 
the regression line and the variance within the groups is 0.20. The value of the 
significance limit F (4, 23) for P = o.05 is 2.80, i.e. the statistical test does not dis- 
prove the linearity of the regression function. The regression line in Fig. 4 has the 
following equation : 

I I 
= I I .9  [ ~  + 17.1 

where v is the transfer rate for the second step in the cholesterol uptake process and 
[Ch~ is the total  cholesterol concentration. The regression coefficient is different 
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Fig. 3. The  u p t a k e  of  [14C]cholesterol by  i n t i m a - m e d i a  layers  f rom the  lower pa r t  o f  the  thoracic  
a o r t a  a t  4 ° and  38 ° (expressed as a f rac t ion  of  t he  24o-min  u p t a k e  a t  38°). 
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from zero (t = 4.72, P < o.ooi). The last term (17.1) of the equation is different 
from zero, too (t -- 3.Ol, P < o.oi). 

The dependence of [14C]cholesterol uptat, e on temperature 
In 4 experiments the 24o-min uptake of [14C~cholesterol at 4 ° was 17 =k 3 

(S.E.)% of the uptake at 38°. However, in 7 experiments, the I5-min uptake of 
[14Clcholesterol at 4 ° was 71 :~ 16 (S.E.)% of the uptake at 38°. Thus the effect 
of lowering the temperature on the 24o-min uptake is significantly different (P < o.05) 
from the effect on the I5-min uptake of labelled cholesterol. 

Fig. 5 shows the relative [14C2cholesterol uptake at 4 ° and 38o as a function 
of time. The second step in the uptake curve can reasonably be described as rectilinear 
according to Figs. I and 2. At 4 ° no significant uptake of labelled cholesterol is found 
following the initial I5-min period (the relative uptake values being o.14 -t- 0.04 at 
15 rain and o.17 4- 0.03 at 24 ° min). 
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Fig. 6. The  ca lcu la ted  re la t ive  ra te  o f  cholesterol  t r ans fe r  f r om s e r u m  to " lower"  i n t i m a - m e d i a  
layers  (following t h e  ini t ial  i 5 - m i n  period of incubat ion)  as a func t ion  of t empe ra tu r e .  The  po in t s  
are  m e a n  va lue s  ca lcula ted  f rom 4-7  obse rva t ions  a t  t he  t e m p e r a t u r e  in ques t ion  ( including 38°).  
For  curve  anMys i s  see tex t .  

Fig. 7. Ar rhen ius  plot  of  t he  r e su l t s  shown  in Fig. 6. The  regress ion line for t he  m e a n  va lues  a t  
T = 277 °, 288 °, 3o5 ° and  3 i I ° K  is p resented .  For  fu r the r  exp l ana t i on  see t ex t .  

Extrapolation of the curves in Fig. 5 to zero time gives the same intercept 
values on the ordinate axis. Therefore, in calculation of the transfer rates at various 
temperatures from serum to lower intima-media layers, correction for initial uptake 
has been done by means of this intercept value (o.14), irrespective of the tempera- 
ture in question between 4 ° and 3 80 . 

Fig. 6 shows rate of cholesterol transfer versus temperature. It  is tempting to 
consider the curve as consisting of 2 "simpler" curves, shown in the figure as dotted 
lines, which by interference give the observed curve: the temperature relationship 
found might be due to 2 temperature-dependent processes interfering wi th  each 
other. I t  is assumed that one of the two processes has a temperature optimum at 
about 2o ° and that  the process showing a temperature optimum prevails only in a 
limited temperature interval. How great this temperature interval is cannot be 
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exactly shown from the observations. However, beyond the interval 15-32° the 
influence of this process is assumed to be negligible. In Fig. 7 the logarithm of the 
transfer rate (as in Fig. 6 expressed as a fraction of control) is plotted versus reci- 
procal temperature.  To evaluate the temperature dependence of the process not 
showing a temperature optimum, only the ordinate values corresponding to tempera- 
ture values of 277 °, 288 °, 305 ° and 311 ° K have been used. For these values it is 
reasonable to assume a rectilinear regression function. The regression line calculated 
from the mean values shown in the figure has the following equation: 

l o g - -  × i o o  = --  3.87 ~ 3 .394 + 1.36 
Vall 

The slope is different from zero (P < o.ooi). The correlation coefficient r = - - i .oo .  
The activation energy for the process is about 18 kcal/mole, and Q10 is about 2.6 
for the temperature range 28-38°. 

Elimination 
After 15 min of incubation at 380 in serum containing labelled cholesterol the 

elimination of labelled cholesterol now present in the intima-media layers was studied 
during a second incubation in non-labelled serum for 15 min at 38°. The elimination 
per cent amounted to 17 ~_ 22 (S.E.), a value not significantly different from zero 

(n  - -  6 ) .  
Similarly, after 240 rain of incubation at 38° in serum containing labelled 

cholesterol a second incubation in serum without labelled cholesterol was under- 
taken for 15 rain (n = 6) at 38°. The elimination per cent amounted to - -4  ~ 7 
(S.E.). This value is not different from zero either. 

D I S C U S S I O N  

Figs. I and 2 show a biphasic [14C~cholesterol uptake curve having an initial 
steep rise followed by a less steep, obviously rectilinear course. The actual course 

of the initial step is unknown. 
The uptake curves found here are essentially similar to those found by CONNER 

AND UNGAR 7 for the incorporation of cholesterol by  Tet rahymena and by RYSER 
et al. s,9 and SCHUMAKER 10 for the uptake of [131I]albumin by  Ehrlich ascites-tumor 
cells and ribonuclease and cytochrome c by Amoeba proteus, respectively. In all of 
these studies an initial, rapid, temperature-independent uptake is seen followed 
by a slower, temperature-dependent uptake. The authors consider the initial uptake 
to be due to a non-metabolic phase, probably involving surface adsorption. As 
pointed out by RYSER 9 the two-step process is reminiscent of the kinetics of virus 
fixation by  host cells and thus may  illustrate certain similarities in the process of 
macromolecular and supramolecular penetration observed with various types of 

cells. 
The significant temperature dependence found for the 24o-min uptake and 

the absence of a demonstrable temperature dependence for the I5-min uptake to- 
gether with the two-step uptake curve indicate a need for a separate consideration 
of two phases in the uptake process. 

Relative to the mechanism of the initial uptake of labelled cholesterol, two 
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proposals should be mentioned. From the point of view that  the washing previoas 
to the incubation had removed lipoprotein adsorbed to the intimal surface in vivo, 
one proposal is the possibility of adsorption of lipoprotein containing labelled chole- 
sterol. The washing previous to the incubation of the aortic segments in serum con- 
taining labelled cholesterol is, however, not so extensive as is the standardized 
washing following incubation. The final washing also includes a slight brushing. 
Therefore, the I5-min labelling can hardly be due to adsorption of labelled lipo- 
protein substituting for adsorbed lipoprotein, which was removed during the washing 
of the thoracic aorta previous to incubation. 

Another proposal relative to the mechanism of the initial uptake is that  ex- 
change of I14C~cholesterol occurs between serum and a superficial endothelial cell- 
membrane pool or a pool of adsorbed lipoprotein (the last possibility implies that  
adsorbed lipoprotein is not removed by any of the washing procedures used). An 
exchange of cholesterol between serum and erythrocytes as first described by  HAGER- 
MAN AND GOULI) 11 is a well-known phenomenon. Two facts seem to indicate that ,  
in the case of exchange, equilibrium has been reached, viz. the course of the uptake 
curves in Figs. i and 2 and the lack of a temperature dependence such as that  found 
by MURPHY TM in studies on the exchange of cholesterol between serum and erythro- 
cytes. If, however, the initial uptake is due to an exchange process, which has 
reached equilibrium, a practically total loss of labelled cholesterol from intima- 
media is expected during a second I5-min incubation in serum without labelled 
cholesterol. No significant loss of label has been found during a second I5-min 
incubation, which therefore seems to indicate that  simple exchange of cholesterol 
initially is less probable. The initial uptake must represent a net uptake, but  its 
nature is still unknown. 

The rectilinear course of the [14C~cholesterol uptake curve following the initial 
15 min indicates that  no significant amount of labelled cholesterol has moved from 
intima-media to serum during the interval from t - -  15 to t = 240 min, i.e. that  the 
E14CJcholesterol uptake rate represents the rate of ~14CJcholesterol transport  from 
serum to intima-media. As the specific activity of serum cholesterol has been shown 
to remain almost constant during the incubation 1, the rate of cholesterol transport  
from serum to intima-media can be calculated from the rate of [x4C~cholesterol 
uptake per cm ~ intimal surface, dividing the latter by the specific activity of the 
serum cholesterol. However, from these data nothing can be concluded about the 
possibility of a transport  of cholesterol from intima-media to serum since the specific 
activity of the intima-media cholesterol pool is unknown. The specific activity of 
this pool may  well be too low to enable the detection of any transport  of cholesterol 
from intima-media to serum during the experimental period, 

The transfer rates found here are of the same order of magnitude as those 
found by CHRISTENSEN AND JENSEN TM in vivo for cholesterol transfer across the inti- 
mal surface of the thoracic aorta in rabbits. 

The rate of cholesterol transfer from serum to intima-media corresponding to 
the second phase is temperature dependent (Fig. 6). Beyond the temperature interval 
about 2o °, in which the transfer ra te- temperature  relationship may  be assumed to 
be due to two different temperature-dependent phenomena, the temperature depen- 
dence may  reasonably be described by a rectilinear relationship between transfer 
rate and the logarithm of I /T.  The estimated Q10 and the "activation energy" for 
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this one of the two temperature-dependent processes seem to indicate that cholesterol 
molecules are transferred across some energy barrier, presumably the endothelial 
cell membrane, although it is not possible to state the definite mechanism behind the 
temperature dependence. According to DAVSON AND DANIELL114, "Qlo values of the 
order of 3 or more are not uncommon, and it was at one time thought that these 
high Q10 values indicated that specific chemical reactions were responsible for the 
transport of many types of molecules across the cell membranes". As emphasized 
by DANIELLI AND DAVSON aS, any type of potential energy barrier might demand a 
certain minimum of kinetic energy for the particles to let them pass through, and it 
is a simple consequence of diffusion kinetics that a slowly penetrating molecule will 
have a high Q10 and a rapidly penetrating molecule a low Q10. Furthermore, the 
membrane itself (in casu the endothelial cell membrane) might structurally change 
as the result of changes in temperature, which might lead to an altered permeability. 
A Q10 value (2.6) or an "activation energy" (18 kcal/mole) as found in this study for 
the cholesterol transfer is therefore not in itself a proof that the endothelial ceils 
participate actively in the transport process. 

As to the hypothetical second process, which is assumed to have a temperature 
optimum at about 2 o  (Fig. 6), no causal explanation can be given at present. 

Figs. 3 and 4 indicate that a parallelism may be drawn between an enzymatic 
reaction following the so-called MICHAELIS-MENTEN equation 16 and the mechanism 
involved in the transfer of cholesterol from serum to intima-media. If  the serum 
cholesterol could be considered as a "homogeneous substrate", Figs. 3 and 4 would 
exclude diffusion as the only mechanism by means of which cholesterol is transported, 
because these figures indicate a limitation in transport capacity. An assumption of a 
carrier mechanism as suggested, e.g., for glucose transport through the red-cell 
membrane lV, is is, on the other hand, conceivable. The application of Michaelis-Menten 
kinetics allows the calculation of the maximal velocity and the Michaelis constant 
(Km) for the process of cholesterol transport. This procedure may perhaps be reason- 
able but would seem to be hampered by the fact that serum cholesterol chemically 
is a multicompartment system (free and esterified cholesterol exist distributed over 
various lipoproteins). 

In studies on the uptake of labelled cholesterol by the intima-media of the 
intact rabbit aorta 19, by the rat aorta in vitro 2° and by tissue-culture cells2~, 22, it has 
been tentatively assumed that the finding of more labelled cholesterol in the free 
fraction of the aortic tissue or culture cells than could be accounted for on the basis 
of the distribution of labelled cholesterol between free and esterified serum cholesterol, 
was an indication for a preferential uptake of the non-esterified form. However, in 
certain studies19, 21 it was admitted that hydrolysis of esterified cholesterol after 
uptake might explain the observations. This problem is not important for the inter- 
pretation of the kinetics in this study, especially the relationship between transfer 
rate and "substrate" (total cholesterol), because no significant change was found in 
the ratio esterified/total cholesterol within the concentration range of total cholesterol 
(Table II). 

I f  the transport of cholesterol is due to a transport of lipoprotein molecules 
with various transfer rates, a relative increase in the cholesterol content of the larger 
lipoprotein molecules might result in a concentration dependence for the cholesterol 
transfer rate such as that shown in Figs. 3 and 4. Moreover, if cholesterol molecules 
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are transported separately as such, the same result might emerge, if, at  increasing 
serum cholesterol concentration, the cholesterol were bound in increasing amounts 
to proteins from which it was released with greater difficulty. No solution to these 
problems can be reached from the experiments in this study. 

From Figs. I and 2 and the equations related to these figures it appeared that  
the rate of transfer of labelled cholesterol during the second phase was 14C activity of 
the intima-media at 240 min multiplied by a, and that  the intercept of the extra- 
polated regression line on the ordinate axis was the 14C activity of the intima-media 
at 24 ° rain multiplied by  ft. Neither a nor fl could be shown to change with a 3-fold 
change in total  cholesterol concentration, the temperature and pH being constant. 
Thus the initial uptake of cholesterol as well as the rate of cholesterol transfer during 
the second phase depend on the cholesterol concentration in the same way, given by 
the dependence of the 14C activity of the intima-media at 240 min on the cholesterol 
concentration. A reasonable interpretation might be that  it is primarily the initial 
uptake of cholesterol which is influenced by  variation in the cholesterol concentration 
and that  the rate of cholesterol transfer during the second phase is determined by the 
extent of initial uptake. The following model would fit the above considerations : 

Chs + M ~- ChM ~ M + ChI-M 
? 

Chs (serum cholesterol), M (endothelial cell membrane),  ChM (cholesterol bound to 
the endothelial cell membrane) and Chi-~t (cholesterol taken up by  intima-media --  
ChM). The initial uptake corresponds to ClaM in the model. 

The kinetics presented here a re - -as  mentioned earlier in several respects 
similar to those found for the uptake of [131I]albumin by  Ehrlich ascites-tumor cells n 
and for the uptake of ribonuclease and cytochrome c by  Amoeba proteus 1~, presumed 
to be due to pinocytosis. 
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