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Abstract The hyperlipidemia  associated with aging was char- served  hyperlipidemia  associated  with  aging. As a first 
acterized in the rat by comparing the plasma lipid, lipoprotein, step  in  attempting  to  answer this  question, we compared 

(96 weeks old) male rats.  Compared with  those  of the adult 
rats, the VLDL concentrations of the old rats were reduced, in in apolipoprotein profiles- 
but IDL,  LDL, and HDL concentrations were  elevated. De- 
spite a reduced VLDL concentration, concentrations of tri- 
glycerides  in the plasma  of the old rats were  elevated. This MATERIALS  AND  METHODS 
phenomenon was attributed to an enrichment of triglyceride 
in the other lipoprotein  fractions. In the old rats, hypercho- 
lesterolemia was the result of elevated  IDL- and HDL-choles- 

and aPoliPoProtein Profiles Of (12  weeks Old) and Old adult  and old rats  to determine whether  aging  results 

terol whereas  elevated plasma concentrations of apolipopro- 
teins B and E were attributed to elevated LDL and HDL  con- 
centrations,  respectively.  Although  concentrations of 
apolipoproteins A-I and A-IV did  not change significantly in 
the plasma  of the old rats, the distribution pattern of the apoA- 
IV was altered dramatically.  Compared with the adult rats, a 
shift of apoA-IV in the HDL to the “lipoprotein-free’’ fraction 
was observed in the old rats, as measured by agarose gel chro- 
mat0graphy.l  The data demonstrate that the hyperlipidemia 
in the old rats is associated  with  selective  changes  in the apo- 
lipoprotein  profile.-Van Lenten, B. J., and P. S. Roheim. 
Changes in the concentrations and distributions of apolipo- 
proteins of the aging rat.J. Lipid Res. 1982. 23: 1187-1  195. 

Supplementary key worda apolipoprotein profiles “lipoprotein- 
free” state of apolipoproteins * aging and lipoprotein metabolism 

There is a close relationship among  aging,  athero- 
sclerosis, and hyperlipidemia  (1, 2). In  the  rat, a widely 
used  animal  model in  lipid and  aging  research, plasma 
and tissue  lipids  have been  found  to increase  with  age 
(3-6). Uchida et al. (7) found  that lipids  in serum very 
low density  lipoproteins  decreased with age in  rats, 
whereas lipids in low density  lipoproteins and high  den- 
sity lipoproteins  increased. The  LDL  and  HDL  of old 
rats  appear  to  be especially cholesterol-enriched (7, 8). 

The  apolipoproteins  not only are important  struc- 
tural  components  of  lipoproteins,  but also function in 
lipoprotein  metabolism  as  cofactors for enzymatic  re- 
actions and in receptor-mediated  uptake of lipoproteins 
(9,  10).  Alterations  of  apolipoprotein profiles and/or 
changes  in  receptors  could  result in  hyperlipidemia. 
Therefore, possible changes  in  apolipoprotein  concen- 
trations  and/or  distribution may contribute  to  the ob- 

Male Wistar  rats  born  and  raised in our colony and 
aged  12 weeks (designated  “adult”)  and  breeder  rats 
aged  96 weeks (designated “old”) were  permitted  water 
and  Purina Mouse Breeder  Lab  Chow  (Ralston  Purina 
Co., St.  Louis,  MO) ad libitum. They were weighed 
weekly after  weaning  to assess their  growth  rates  and 
health.  Compared with  a regular low-fat meal (3% fat), 
Breeder’s chow  (1  1 % fat)  produces a moderate eleva- 
tion  of  fasting  plasma  lipid  values in rats.  Between 1300 
and  1500  hours,  the  animals  were  bled  from  the  ab- 
dominal  aorta  under  light  anesthesia  and killed. After 
separation  from  the cells by low-speed centrifugation, 
sera  were  preserved with  a  solution  of  0.01% EDTA 
and  0.01%  sodium  azide. 

Lipoprotein isolation 
Ultracentrijiugution. Lipoproteins  were isolated by ul- 

tracentrifugation  according  to  the  technique  of  Havel, 
Eder,  and  Bragdon  (1 1). Ultracentrifugation was car- 
ried out in  a  Beckman  L5-50 ultracentrifuge using  a 
40.3  rotor with adaptors  that  permit  ultracentrifugation 
of 1-mi samples. The VLDL  (d < 1.006  g/ml),  IDL 
(d  1.006-1.030  g/ml),  LDL (d 1.030-1.063  g/ml), 
HDL  (d 1.063-1.210  g/ml),  and  the d > 1.210  g/ml 

Abbreviations: VLDL, very low density lipoproteins; IDL,  inter- 
mediate density lipoproteins; LDL, low density lipoproteins; HDL, 
high density lipoproteins; “lipoprotein-free’’  fraction,  d > 1.210 g/ 
ml; SDS-PAGE, sodium dodecyl sulfate polyacrylamide gel electro- 
phoresis; QEIA, quantitative electroimmunoassay; A.U., arbitrary 
units. ’ Address all correspondence to Dr. Paul S. Roheim,  Department 
of Physiology, LSU  Medical Center, 1542 Tulane Avenue, New Or- 
leans, LA 701  12. 
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or “lipoprotein-free” fraction of the serum were stud- 
ied. For ultracentrifugation involving VLDL, IDL, and 
LDL, a single 24-hr spin at 100,000 g was used. A single 
48-hr spin at  100,000 g was used to isolate HDL. All 
centrifugations were carried out  at  15°C. The pellet in 
the bottom of the ultracentrifuge tube was disrupted 
and mixed thoroughly. 

Agarose gel chromatography. Gel chromatography was 
also  used to separate the lipoproteins. A 0.9 X 90 cm 
column  of 6% agarose (Bio-Gel  A-0.5M 200-400 and 
A-5M mesh, Bio-Rad Laboratories, Richmond, CA) 
were  used  with a buffer of 0.15 M NaCI, 0.0 1 % EDTA, 
and  0.01% sodium azide, pH 7.4. Whole serum samples 
of 2 ml were applied to  the column immediately after 
separation from the cells. The column was operated at 
23°C and  a flow rate of 5.3  ml/hr was maintained 
throughout  the column runs. Elution fractions of 1.1 
ml were collected. The column was calibrated with blue 
dextran, which  showed the void  volume to be 27.5 ml. 
In addition, human ‘251-labeled  LDL and ’251-labeled 
albumin were  used  as internal standards for each col- 
umn run. The radiolabeled human albumin marks the 
region of the elution profile containing the smaller 
plasma proteins, where the  free apolipoproteins would 
elute. In this  way, an indication of  what is conventionally 
called the “lipoprotein-free” fraction could be made 
and  the  data compared with results obtained from ul- 
tracentrifugal fractions. 

Apolipoprotein  quantitation. Apolipoproteins were 
measured by quantitative immunoelectrophoresis ac- 
cording to the technique of  Laurel1 (12)  and modified 
by Bar-On, Roheim, and Eder (13). In addition,  a non- 
ionic detergent, Nonidet-40 (NP-40), was added  to  a 
final concentration of 1 % in the samples and  standards 
and  0.05% in the agarose to measure concentrations of 
apolipoproteins A-I and E (14). To reduce  the loss of 
apolipoproteins as a result of repeated ultracentrifu- 
gations, we estimated the apolipoprotein content of the 
different lipoprotein fractions by subtracting  the peak 
heights of  successive infranatant fractions after  a single- 
spin ultracentrifugation. Thus,  the difference between 
the peak heights of  whole serum and  the  d > 1.006 
g/ml fraction (infranate) represents d < 1.006 g/ml 
(VLDL). This method also permits the  determination 
of  possible  losses  of apolipoproteins due  to this proce- 
dure. The albumin concentration in  each of the  d 
> (infranatant) fractions should be the same  as the al- 
bumin concentration in the whole  plasma,  because no 
albumin should be removed in  any  of the  d < (super- 
natant) fractions. By determining actual albumin con- 
centrations in plasma and in the  d > fractions, we can 
correct for nonspecific protein losses.  (See legend to 
Fig. 2.) 

The antisera used  in this study were prepared as pre- 

viously described (1 3). Apolipoprotein values from the 
determinations, expressed as arbitrary units (A.U.), 
were calculated as percentages of a  rat plasma standard 
pool run simultaneously on the plates  with the samples 
and  a secondary standard. All experimental plasma  sam- 
ples  as  well  as rat  standard pools were stored  at -20°C. 
Using QEIA one should be aware of the specific re- 
quirements necessary for quantitation as stated by Lau- 
rell (12). That is, the validity  of the method requires 
that the antigen occur with identical molecular size and 
charge in the sample and standards. Standards of pu- 
rified proteins do not always  satisfy  this criterion. T o  
eliminate methodologic problems arising from the use 
of standards in  which the protein is  in a different state 
than in normal serum, we expressed all data in arbitrary 
units. 

SDS gel  electrophoresis 
Sodium dodecyl sulfate polyacrylamide  gel electro- 

phoresis (15) was used to evaluate the apolipoprotein 
composition  of the  d < 1.2 10 g/ml fraction. Acrylamide 
gels  of 10% and  3.5% were used to separate the major 
apolipoproteins and  the two major forms of apoB, re- 
spectively. The protein bands were stained with 0.1% 
Coomassie Blue G-250, and scanned by a E-C Apparatus 
Corp. Densitometer. 

Chemical  quantitation  and  statistical  analysis 
Plasma triglyceride and cholesterol concentrations 

were determined according to  the methods of  Bucolo 
and David (16) and Allain et al. (1 7), respectively. Pro- 
tein was determined according to the method of  Lowry 
et al. (1 8), using  bovine serum albumin as the  standard. 
Student’s “t” distribution was used to statistically ana- 
lyze the  data,  and  a P value  of < 0.05 was considered 
significant. 

RESULTS 

Table 1 presents the body  weights and  the plasma 
levels  of the major lipids and apolipoproteins of adult 
and old rats. The old rats were about  75% heavier than 
the  adult rats. Both  plasma cholesterol and triglyceride 
concentrations were also  significantly increased with 
age, as  were the plasma apolipoproteins, apoB and apoE. 
Neither apoA-I nor apoA-IV concentrations signifi- 
cantly changed in the plasma. 

To determine  the distribution of the lipoprotein com- 
ponents among the lipoprotein fractions, we measured 
apolipoprotein and lipid contents in ultracentrifugally 
isolated fractions. Old rats had significantly more cho- 
lesterol in IDL and HDL than did adult rats (Fig. 1). 
Although VLDL-triglyceride was greatly reduced in the 
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old rats from 126.5 mg/dl to  8.3 mg/dl, triglyceride 
concentrations increased in the  d > 1.006 g/ml fraction 
from 24.5 mg/dl to 242.7 mg/dl in the old rat.  These 
changes are consistent with the changes in total pro- 
tein of the lipoprotein fractions, i.e., VLDL-protein 
decreased (8.1 mg/dl to 5.7 mg/dl) whereas IDL-, 
LDL-, and HDL-protein increased with age  (0.2 mg/dl 
to 0.7 mg/dl; 5.9 mg/dl to 9.1 mg/dl; and  54.9 mg/ 
dl to 65.6  mg/dl, respectively). 

Figs. 2A-D show the ultracentrifugal distribution of 
the apolipoproteins of old and adult rats. In  the old rats, 
VLDL-apoB was reduced, whereas apoB was elevated 
in  LDL and HDL (Fig. 2A), thus accounting for the 
increased total apoB in the  serum of old rats. Fig.  2B 
shows that  the overall increase of apoE in the serum of 
old rats is due  to significant increases in HDL-apoE and 
in apoE of the d > 1.210 g/ml fraction. Insofar as the 
total plasma apoA-I concentration did not change sta- 
tistically  with age,  the accumulation of apoA-I in the 
d > 1.210 g/ml fraction was greater in the old rat (Fig. 
2C). The most striking alteration in apolipoprotein dis- 
tribution, however, occurred with apoA-IV. Although 
the old rats had the same plasma apoA-IV concentration 
as adult rats, the apoA-IV concentration decreased con- 
siderably in the lipoprotein fractions while dramatically 
accumulating in the  d > 1.210 g/ml fraction. 

Column chromatography 
We compared the  data obtained by ultracentrifuga- 

tion with data collected in the absence of ultracentrif- 
ugal artifacts (19) by fractionating fresh rat sera by 
agarose gel chromatography. Because the most striking 
changes were observed in the HDL and  the  d > 1.2 10 
g/ml fractions using ultracentrifugation, A-0.5M aga- 
rose was used to evaluate these two fractions by sepa- 
rating  the lipoproteins from the smaller plasma proteins. 
Similar to  the ultracentrifugation data, apoB concen- 
trations were greater in old rats  throughout  the elution 
profiles for this apolipoprotein (Fig. 3A). The void 

TABLE 1 .  Plasma concentrations of lipids and apolipoproteins 
and the body weights of adult (12 weeks old) 

and old (96 weeks old) male rats' 

Adult Old 

Body weight, g 426 + 16 740 f 48' 
Cholesterol, mg/dl 8 2 +  3 165 f 18' 
Triglyceride, mg/dl 151 + 4 251 f 18' 
ApoB, A.U.' 112+  5 154+  6' 
ApoE, A.U. 8 7 +  4 165 f 3' 
APA-I,  A.U. 150+ 5 175 f 16 
AFA-IV, A.U. 8 5 +  2 8 3 f  3 

Values are expressed as the mean f SEM and are  based on six 
animals per age group. 

* A.U., arbitrary units. 
P < 0.05. 
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MOL  IDL  LDL HDL d>1.210 GlML 
Lipoprotein  Fractions 

Fig. 1. Distribution of plasma cholesterol among the lipoprotein frac- 
tions of adult (0) and old (m) male  rats. Values are  based on three 
pools of two rats per pool. *, P < 0.05. 

volume contained the peak  of the plasma apoB concen- 
tration, as determined by QEIA, which corresponded 
to the same tube containing the peak radioactivity of 
the '251-labeled  LDL standard (Tube #25). The radio- 
active albumin consistently peaked at Tube #40. 

Separation of lipoproteins by A-0.5M chromatogra- 
phy  showed that  the  data obtained using ultracentri- 
fugation may have indicated an overestimation of the 
amount of apoE and apoA-I in the  d > 1.2 10 g/ml frac- 
tion of old rat plasma  (Figs.  3B and C). By ultracentri- 
fugation, about  40% of the total apoE and  10% of the 
total apoA-I were found in the  d > 1.2 10 g/ml fraction 
in the old rats, whereas by agarose gel chromatography, 
only trace amounts of apoE and apoA-I in young or old 
rats was found in "lipoprotein-free'' fractions of both 
groups. Old rats, however, appeared  to have had more 
apoE across the apolipoprotein elution spectrum. The 
peak  of the apoA-I elution profile appeared  to be shifted 
slightly to the  right, towards a smaller particle size,  in 
older rats. The dramatic shift  in apoA-IV distribution 
by column chromatography (Fig. 3D) corroborated  the 
ultracentrifugation profile for this apolipoprotein. In 
old rats,  the two distinct major peaks  of the apoA-IV 
elution pattern were both shifted to  the  right, toward 
smaller particle sizes. Although adult rats had demon- 
strable amounts of apoA-IV in the peak corresponding 
to proteins smaller than albumin, old rats had almost 
half  of their total apoA-IV in this area of the elution 
profile. 
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Fig. 2. Distribution of plasma apoB (A) and apoE (B), apoA-I (C), and apoA-IV (D) among the lipoprotein fractions  of  adult (0) and old (m) 
male rats. In  order  to compensate for possible losses of apoproteins due  to isolation procedures, an albumin  correction  factor was designed. 
Since all the  albumin should be recovered in the  d > infranate  fraction, the obtained  apoprotein value of the infranate was multiplied by the 
plasma albumin/infranate albumin ratio  to correct for any mechanical losses. This correction  factor  ranged +5%. Values are based on  three 
pools of two rats per pool. *, P < 0.05. 

Results  of  A-5M agarose chromatography were con- 
sistent with the above observations, i.e., concentrations 
of apolipoproteins (Fig. 4A) B and  E (Fig. 4B) were 
greater in  old rats throughout  their elution profiles, 
whereas apoA-I profiles (Fig. 4C) were not very differ- 
ent with age. The peak  of the apoA-IV profile (Fig. 4D) 
in old rats was shifted to the  right of that from younger 
rats; less of the apoA-IV was  of large size and more was 
of  smaller  size. 

SDS-PAGE 

To characterize the lipoproteins of  old and  adult rats 
using a method independent of QEIA, we used SDS- 
PAGE. Compared with the  adult rat, the old rat ap- 
peared to have a  greater  proportion of apoE (36% vs. 
17%) but less  apoA-IV (1 2% vs. 18%) and apoA-I (52% 
vs. 65%) in the  d < 1.210 g/ml fraction of the plasma 
(Fig. 5).  This finding is consistent with observations 
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Fig. 3. A-0.5M agarose gel chromatography elution profiles for the apolipoproteins of adult (0 - - - 0) and old (0 - - - 0) male rats. Two 
ml of freshly isolated serum from each rat  was applied to the column and the concentrations of the apolipoproteins in each fraction were measured 
using the QEIA.  (A) apoB. (B) apoE; (C) apoA-I; and (D) apoA-IV. Values are  based on three rats per age group. 

made using QEIA (see above). Because we found  higher 
apoB concentrations in old rats, we further  separated 
apoB by using 3.5% polyacrylamide gels to see whether 
the  contents of high or low molecular weights forms of 
apoB differed in the old rat. We found, as shown  in Fig. 
6, that old rats, in addition to having more total apoB 
than  adult  rats,  had  a  greater  proportion of lower mo- 
lecular weight apoB (L) than  higher molecular weight 
apoB (H). In  the  adult  rats  the  L/H  ratio in the 
d < 1.21 fraction was 29%/71% or 0.41, whereas  in  old 
rats this ratio was twice  as great-45%/55% or 0.82. 

DISCUSSION 

In this study we showed that  the marked hyperlip- 
idemia  of old rats is associated with  selective changes 
not only  in the concentrations of the plasma lipopro- 
teins, but also  in the distributions of the lipids and  the 
apolipoproteins within the lipoprotein classes. The hy- 
pertriglyceridemia of old rats is associated  with a much 
different triglyceride profile than  that  found in adult 
rats. The triglyceride in VLDL is decreased with age, 
as found by others (7), whereas other fractions are all 
enriched with triglyceride. Hypercholesterolemia, on 

the  other  hand, was restricted to elevations in IDL- and 
HDL-cholesterol. In this study, however, we cannot 
conclusively eliminate the effect  of an increased body 
weight on our observations. Nevertheless, in  genetically 
obese  Zucker rats,  the changes observed in  plasma li- 
poprotein profiles are very different from the changes 
in our study (20). In Zucker rats, hypertriglyceridemia 
appeared  to  be localized to VLDL whereas it is reduced 
in  old rats. Total plasma apoB concentration is de- 
creased while  VLDL-apoB concentration increased in 
the Zucker rats (20). This should be compared with the 
present study in  which total plasma apoB concentrations 
increased but VLDL-apoB was reduced in the old rats. 
Thus, this information suggests that changes observed 
in the obese  Zucker rats are very different from changes 
found in the aged rats. 

Apolipoprotein distribution was also altered with age 
in the  rat.  In spite of a  reduced VLDL-apoB, old rats 
had an increased apoB concentration in the plasma, re- 
flected by an increased LDL-apoB. Increased apoB lev- 
els were found in the  HDL fraction using ultracentri- 
fugation; however, A-5M agarose chromatography re- 
vealed no major difference in apoB distribution in the 
smaller (HDL) particles. Elevated HDL-apoE appeared 
to be primarily responsible for the increased plasma 
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Fig. 4. A-5M  agarose  gel chromatography elution profiles for the apolipoproteins of adult (0 - - - 0) and  old (0 - - - 0)  male rats. Two ml 
of  freshly isolated serum  for  each rat  was applied to the column,  and  the  concentrations of the  apolipoproteins in each fraction were measured 
using the QEIA.  (A)  apoB.  (VLDL  apoB values are  not  included);  (B)  apoE; (C) apoA-I;  and (D)  apoA-IV. Values are based on three rats per 
age  group. 

apoE concentration of old rats. These two apolipopro- 
teins are known to have  specific receptors  on tissue 
membranes (1  0). Reductions in  many nonlipoprotein 
receptor  concentrations and/or activity have been 
found to be related to advancing age (21). Hui,  Inner- 
arity, and Mahley (22) recently showed that  the liver 
membranes of young beagles had  an increased binding 
activity for '251-labeled apo-E HDL, compared with 
those of adult beagles, suggesting that lipoprotein re- 
ceptors may also be affected by an animal's age or met- 
abolic rate.  One can  envision a  reduced lipoprotein re- 
ceptor response resulting in a decreased uptake and 
utilization, whereby hyperlipidemia develops. This pro- 
cess  may explain the elevated plasma  LDL-apoB and 
HDL-apoE observed in the old rat. 

Sparks and Marsh (23) showed that two major forms 
of apoB (a  high and  a low molecular weight  species) 
appear to be  metabolically different. According to these 
authors  the lower molecular weight form is cleared 
more rapidly than the higher molecular weight form. 
Whether or not  the observed enrichment of the LDL 
with the lower molecular weight form of apoB in the 
old rat is correlated with the hyperlipidemia of aging 
is not clear. It should be pointed out  that  the chro- 
mogenicity  of the two forms of apoB was not  deter- 
mined. However, we assumed that  the chromogenicities 
of the individual  subspecies  between the two groups 
were  similar. We applied equal amounts of apoprotein 
to the gel, therefore  the observed differences between 
adult  and old rats should be a true reflection of their 
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B 

Fig. 5. Sodium  dodecyl  sulfate/polyacrylamide  gel electrophoresis 
utilizing  gels  of 10% acrylamide and densitometric scanning  of the 
d < 1.21 g/ml fraction of adult (A) and old (B) male rats; 75 pg of 
apolipoprotein was applied to each  gel. 

apoB concentrations. It would be  important to know 
whether this altered apoB ratio is due  to a different 
synthesis  of the B apolipoproteins and its subspecies 
in the old rat  and/or is the result of different catabolism. 

Old rats were shown to have  less  apoA-IV  in the HDL 
fraction and  more in the  d > 1.2 10 g/ml fraction. This 
shift in distribution was also observed with agarose chro- 
matography, however it was not  apparent with apoE 
and apoA-I, confirming the finding of Fainaru, Havel, 
and Imaizumi (19). Therefore  the presence of a large 
amount of apoA-IV  in the “lipoprotein-free” fraction 
cannot be an ultracentrifugal artifact,  as evidenced by 
the chromatographic elution of “free” apoA-IV after 
the albumin peak. It  appears  that this fraction of the 
plasma can be influenced by the hyperlipidemic state. 
Indeed, we have observed in our laboratory that  a high- 
fat/hightholesterol  diet results in a shift of apoA-IV 
from HDL to  the  d > 1.210 g/ml fraction.2 Interest- 
ingly, the high concentration of apoA-IV  in the “lipo- 

* DeLamatre, J. G., and P. S. Roheim.  Unpublished  observations. 

protein-free’’ fraction of old rats is similar to  the human 
apoA-IV profile (24,25). The extent of the lipemia may 
possibly be directly related to  the  amount of  apoA-IV 
in the  d > 1.2 10 g/ml or the “lipoprotein-free’’ frac- 
tion. 

We  have demonstrated  that  “free apolipoproteins” 
exist in rat plasma, and these free apolipoproteins could 
combine with  lipid to form lipoproteins (26). It has  also 
been  shown that apoA-IV, once released from triglyc- 
eride-rich  lipoproteins during lipolysis, enters  the 
d > 1.21 0 g/ml fraction of rat plasma (27). I t  then a p  
pears to become associated  with the HDL fraction. 
ApoA-IV in the  “free”  state may associate  with the 
HDL fraction after combining with  lipid in the plasma 
or at  the cell surface and  then becoming less dense, or 
by directly binding to  the  HDL particle. The presence 

A 

1 

Fig. 6. Sodium  dodecyl  sulfate/polyacrylamide gel electrophoresis 
utilizing  gels  of 3.5% acrylamide and densitometric scanning  of the 
d <  1.210g/mlfractionsofadult(A)andold(B)malerats.Twomajor 
bands of apoB can be resolved. designated high  molecular  weight apoB 
(H) and low molecular  weight apoB (L); 100 pg of apolipoprotein was 
applied to each  gel. 
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of a large amount of “free” apolipoproteins could be 
the result of an interference in this association  as a result 
of I )  reduced cholesterol efflux  in  old rats, due to  a 
lower turnover  rate, or 2) an already “saturated”  HDL 
in hyperlipidemic rats. 

Synthesis  of cholesterol by the liver appears to be 
decreased in the old rat (28-30). In  addition,  the  turn- 
over of  plasma and tissue cholesterol appears to be re- 
duced as  well (4). Old  rats  excrete less cholesterol in the 
bile and feces (31), which may help to explain the di- 
minished absorption of dietary cholesterol (28) due  to 
an altered bile composition. The increased plasma con- 
centrations of  lipids (3-6, 8) and apolipoproteins would 
suggest that  the uptake and utilization of lipoprotein- 
lipid by tissues is reduced  to  a  greater  extent  than is 
synthesis. This may relate to  the accumulation of apoA- 
IV  in the  “free”  state, observed in old rats in our study. 

We  have  shown that, in old rats, hyperlipidemia is 
associated  with the following changes: I )  a decreased 
VLDL concentration and increased IDL, LDL, and 
HDL concentrations; 2) elevated plasma apolipopro- 
teins  involved  with receptor-mediated uptake of  lipo- 
proteins, specifically apoB and apoE; and 3) marked 
accumulation of “free” apolipoprotein A-IV. Future 
studies of  how aging influences the mechanisms  gov- 
erning lipoprotein metabolism and  to what extent en- 
docrine functions are involved  in these mechanisms 
would provide valuable information for understanding 
the control of  lipid  metabolism. Our observations may 
also serve as a useful  basis for further studies toward 
understanding the mechanisms  of hyperlipidemia as- 
sociated  with aging. l  
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