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Abstract

The biodistribution and removal from plasma (measured as fractiolkay words
clearance rate, FCR, per hour) of native and oxidatively modified®-Very low density
9mechnetium-labeled B-very low density lipoprotéfiTc-R-VLDL) lipoprotein
were investigated in hypercholesterolemic (HC) and control (C) thregopper-mediated oxidation
month old New Zealand rabbits. The intracellular accumulation of RBiodistribution
VLDL labeled with ®"Tc was studiedn vitro in THP-1 cells and * ' ractional clearance rate

. . . . . Atherosclerosis
monocyte-derived macrophages isolated from rabbits. After mtra\{el:lypercholesterolemia
nous injection into C rabbits, copper-oxidized R-VLBY T c-ox-B- Cholesterol feeding
VLDL) was cleared from the circulation faster (0.362 = 0.070/h) tharg ., it
native R-VLDL €°"Tc-nat-R-VLDL, 0.241 + 0.070/h). In contrast, the
FCR 0of%"Tc-0x-R-VLDL in HC rabbits was lower (0.100 + 0.048/h)
than that of*"Tc-nat-R-VLDL (0.163 + 0.043/h). The hepatic uptake
of radiolabeled lipoproteins was lower in HC rabbits (0.114 + 0.071%
injected doselg tissue fdP™Tc-nat-R-VLDL and 0.116 + 0.057%
injected dose/g tissue f8™Tc-ox-R-VLDL) than in C rabbits (0.301
+ 0.113% injected dose/g tissue f8fTc-nat-3-VLDL and 0.305 +
0.149% injected dose/g tissue #FTc-ox-B-VLDL). The uptake of
99MTc-nat-B-VLDL and®"Tc-ox-B-VLDL by atherosclerotic aorta
lesions isolated from HC rabbif8TTc-nat-R-VLDL: 0.033 £ 0.012%
injected dose/g tissue arfd™Mc-ox-B-VLDL: 0.039 + 0.017% in-
jected dose/g tissue) was higher in comparison to that of non-athero-
sclerotic aortas from C rabbit¥{Tc-nat-R-VLDL: 0.023 + 0.010%
injected dose/g tissue arfd™Tc-ox-R-VLDL: 0.019 + 0.010% in-
jected dose/g tissue). Howevé¥Tc-nat-R-VLDL and®*"Tc-ox-R-
VLDL were taken up by atherosclerotic lesions at similar ratestro
studies showed that both monocyte-derived macrophages isolated
from rabbits and THP-1 macrophages significantly internalized more
99T c-0x-3-VLDL tharf*"Tc-nat-3-VLDL. These results indicate that
in cholesterol-fed rabbit®™c-ox-R-VLDL is slowly cleared from
plasma and accumulates in atherosclerotic lesions. However, although
the extent ofin vitro uptake of**"Tc-ox-R-VLDL by macrophages
was high, then vivoaccumulation of this radiolabeled lipoprotein by
atherosclerotic lesions did not differ from thaf¥fTc-nat-3-VLDL.
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Introduction were purchased from Sigma Chemical Co.
(St. Louis, MO). Sephadex G25 was from
R-Very low density lipoprotein (3-VLDL) Pharmacia (Uppsala, Sweden). The enzy-
is an atherogenic lipoprotein which inducegnatic reagents for the cholesterol and tri-
the transformation of macrophages into foarmglyceride determinations were kindly do-
cells and accumulates in plasma of hypemated by CELM (S&o Paulo, Brazil). All
cholesterolemic (HC) rabbits and in patient®ther chemicals were of the purest analytical
with type-IIl hyperlipoproteinemia (1). The grade available. Romp@irwas kindly do-
oxidative modification of this lipoprotein nated by Bayer Co. (Sdo Paulo, Brazil).
may be induced by reactive oxygen species
released by diverse cell types and increas@saimals
the atherogenicity of this lipoprotein (2-6) in
the presence of transition metals such as Male New Zealand white rabbits weigh-
copper and iron. These oxidant species magg 2.5-3.5 kg were kept in an animal room
induce changes in low density lipoproteinon a 12-h light/12-h dark cycle, with free
(LDL) and R-VLDL (4,7) and they also act asaccess to water and to the indicated diet. The
mediators in the atherosclerotic process anthb cholesterol diet was prepared by dissolv-
other vascular diseases (8). ing cholesterol (Sigma) in diethylether and
In hypercholesterolemia, the uptake othen mixing it with Purina Rabbit Labora-
lipoproteins by the LDL receptor is reducedory Chow (Purina, Campinas, SP, Brazil).
due to a down-regulation (9). However, naThe control diet consisted of Purina Rabbit
tive and oxidized 3-VLDL can be taken upLaboratory Chow without added cholesterol.
by cells by other receptors whose expressiofhe plasma cholesterol and triacylglycerols
is not regulated by cell sterol content (10)of control rabbits (C) and cholesterol-fed
Therefore, the uptake of R-VLDL by theserabbits (HC) were determined by enzymatic
receptors may be increased even during hyaethods.
percholesterolemia, favoring the formation
of foam cells. Increasing evidence demong-VLDL isolation and copper-mediated
strates the presence of oxidatively modifie@xidation
lipoproteins in blood plasma from patients
with heart disease and in cholesterol-fed Blood from HC rabbits (4-8 weeks of a
rabbits (11-13). However, the pathophysicholesterol-rich diet) was collected into tubes
ological role of oxidized lipoproteins pres-containing EDTA (1 mg/ml) and centrifuged
ent in blood plasma concerning the athercat 1000y for 10 min at 4C to isolate plasma.
genic process is not fully understood. Therebmmediately after isolation, 2 mM benzami-
fore, the objective of the present study was tdine, 1 mM PMSF, 1 pg/ml aprotinin and 20
compare the plasma clearance rate and ti@ BHT were added to plasma to inhibit
biodistribution of native and oxidized-3-proteolytic degradation of apolipoproteins
VLDL in cholesterol-fed (HC) and control and lipid peroxidation. 3-VLDL (density
rabbits (C) using®™echnetium ©"Tc)-ra- <1.019 g/ml) was isolated from plasma by

diolabeled lipoproteins (14). sequential ultracentrifugation as described
previously (15). R-VLDL was dialyzed
Material and Methods against 6 liters of 150 mM NaCl, 1 mM

EDTA, and 3 mM Nalin Tris buffer, pH
Cholesterol, benzamidine, phenylmeth-7.4. Before oxidation, the lipoprotein was
ylsulfonyl fluoride (PMSF), aprotinin, bu- dialyzed against the same buffer as described
tylated hydroxytoluene (BHT) and EDTA above but without EDTA. 3-VLDL (1 mg
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protein/ml) was incubated with 200 M cop-plasma after injection fitted by the least square
per sulfate for 18 h at 3Z in a shaking water procedure. The percentage of plasma radio-

bath. activity was calculated considering the value
obtained at 5 min as 100% and the FCR of
Lipoprotein labeling with %mTc the ®"Tc-lipoproteins from the intravascu-

lar compartment was estimated according to

Native and copper-oxidized R-VLDL Matthews (17). After 6 h, the rabbits were
were labeled witB*"Tc according to Lees et sacrificed by exsanguination under ketamine/
al. (16). Briefly, B-VLDL (4-8 mg protein) Rompur? anesthesia and the organs were
was mixed with 40-60 mEi"Tc-pertechne- removed. After rinsing the tissues with 150
tate (TcQ’) and 10 mg sodium dithionite, MM NaCl, radioactivity per gram of wet
which was dissolved just before use in 0.5 Missue was counted. The radioactivity, ex-
glycine buffer, pH 9.8, and the mixture waspressed as percentage of the injected dose,
incubated for 30 min?"T¢-B-VLDL was was calculated for the liver, kidney, heart,
separated from fré@"Tc by Sephadex G 25 ileo-psoas muscle, adrenal gland, lung,
chromatography. The purified®™Tc-B- spleen, bone marrow and aorta.
VLDL was dialyzed against 150 mM NacCl,
1 mM EDTA, and 3 mM NaRin Tris buffer, Imaging studies
pH 7.4, at 4C for 2 h, sterilized through a
0.22-um filter to eliminate aggregates and The biodistributions of nativé®™Tc-[3-
immediately used in the experiments. LabelVLDL and copper-oxidized®* Tc-R-VLDL
ing efficiency was 75 to 85% for native 3-were imaged with a gamma camera (model
VLDL and 83-93% for copper-oxidized 3- ON 100, Ohio Nuclear Inc., Solon, OH)
VLDL. Upon precipitation with 20% (w/v) equipped with a high resolution collimator
trichloroacetic acid (TCA), an average ofand stored in 128 x 128 matrices in a com-
86% and 80% of the radioactivity of nativeputer system. Planar images were acquired
and oxidized R-VLDL, respectively, was re-for the anterior view of the full body 6 h after
covered in the precipitate. the injection of**"Tc-labeled lipoproteins.

Biodistribution and plasma clearance studies  Autoradiography

Overnight fasted rabbits were injected Cholesterol-fed and control rabbits were
with native §>Tc-nat-R-VLDL) or oxidized sacrificed 6 h after injection of*"Tc-la-
(°*"Tc-ox-R-VLDL)?"Tc-3-VLDL in a bo- beled lipoproteins and the aortas were re-
lus (1-3 ml,iv) corresponding to 0.5-1.5 mg moved, cleaned and washed with saline. The
protein (5-10 mCi) into the marginal eararteries were then opened, covered with plas-
vein. Blood samples were drawn from theic wrap, placed on X-ray film (Kodak X-
central ear artery into heparinized tubes SDMAT XRP-5) and stored in a cassette for
15, 30, 60, 120, 160 and 240 min afted8 h to perform autoradiography.
injection. Plasma was isolated by centrifuga-
tion at 1000g for 10 min and radioactivity Rabbit monocyte-derived macrophages
was measured with agamma-counter (Logic,

Abbott Corp., Chicago, IL). The fractional Mononuclear cells were isolated from

clearance rate (FCR), defined as the fractioperipheral blood of control and cholesterol-
of the intravascular pool cleared per hourfed rabbits using the Ficoll-Hypaque density
was calculated from biexponential curvegradient method as described previously (18).
obtained from the radioactivity found in The mononuclear leukocytes (1 x¢1@lls/
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ml) were spread onto culture dishesin RPMIh at 37C in a 5% CQatmosphere. The cells
1640 medium supplemented with 100 U/mivere then washed twice for 10 min with PBS
penicillin and 100 pg/ml streptomycin. Af- containing 0.2% bovine serum albumin
ter 1-h incubation at 3T in a humidified (BSA), pH 7.4, and once with PBS without
incubator in a 5% Coatmosphere, the con- BSA. The incorporation of*"Tc-3-VLDL
taminant lymphocytes and nonadherent celisito the cells was determined after solubiliz-
were removed by gentle washing with PBSing the cells in 0.1 N NaOH and measuring
To differentiate monocytes from macrophagthe radioactivity with a gamma-counter.
es, the adherent cells were cultured in fresAliquots of digested cells were assayed for
RPMI-1640 medium containing 10% fetalprotein content (19). Cell degradation of
calf serum and antibiotics for 7 days. Thé®Tc-R-VLDL was determined by measur-
medium was changed twice weekly. Theng the 20% TCA-soluble radioactivity with
adherent macrophages were then incubatedgamma-counter. Blank values were ob-
with the medium described above suppletained with parallel cell-free incubations with
mented with 1 mg/ml rabbit lipoprotein-de-®*"Tc-B-VLDL and subtracted to calculate
ficient serum (LPDS) for 24 h at 87 in a total cell-mediated lipoprotein degradation.
5% CQ atmosphere. After incubation the
cells were used for B-VLDL uptake and deg©ther assays
radation measurements.
The concentration of thiobarbituric acid-
THP-1 macrophages reactive substances (TBARS) was measured
as described elsewhere (20). Hydroperox-
Human THP-1 monocytic leukemia cellsides of cholesteryl esters, triacylglycerols
were maintained in RPMI-1640 containingand phospholipids were monitored by HPLC
10% fetal calf serum, 100 U/ml penicillin as described elsewhere (21,22). Formation
and 100 pg/ml streptomycin at’87in a 5% of carbonyls was monitored according to
CO, atmosphere. Cells cultured in the prestevine et al. (23) and thiol (-SH) content was
ence of 40 nM phorbol myristoyl acetatedetermined according to Elman (24). Elec-
(PMA) were seeded onto multiwell dishes atrophoretic mobility of native and oxidized
a cell density of 1 x POcells/ml and incu- lipoproteins was evaluated in 1% agarose
bated for 3 days. Induction of macrophagegel.
differentiation in THP-1 cells was character-
ized by increased adherence to culture dishstatistical analysis
and typical changes in cell morphology.
Thereafter, the cells were incubated for 24 h Data are reported as mean + SD. All
in medium containing 1 mg protein/ml LPDScomparisons were made using ANOVA and
and used for B-VLDL uptake and degradathe Scheffé test. Statistical significance was
tion measurements. defined as P<0.05.

Uptake of " Tc-RB-VLDL by macrophages Results

After preincubation in RPMI-1640 con- Biochemical analysis of native and
taining LPDS for 24 h, the THP-1 macro-oxidized B-VLDL
phages or rabbit monocyte-derived macro-
phages were incubated with fresh medium Incubation of R-VLDL (1 mg/ml) with
containing increasing concentrations of na200 uM copper sulfate for 18 h at°@7
tive or copper-oxidize™Tc-R-VLDL for4  resulted in increased electrophoretic mobil-
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ity on agarose gel as compared to native 3- ble 1 - Biochamical determinati i g
. aple - blochemical determinations Of native ana copper-
VLDL (3.4 cmvs2.9 cm, respectively) (Ta_bl_e oxidized BVLDL.
1). Higher amounts of TBARS and lipid
hydroperoxides were found in R-VLDL after R-VLDL (1 mg/ml) was incubated with 400 pM peroxynitrite at

conper-dependent oxidation and the most 37°C for 18 h. Results are the mean of duplicates from two
pp p determinations. TBARS = Thiobarbituric acid-reactive sub-

significant increase was observed in phos- stances.
pholipid hydroperoxides (Table 1). The in-

cubation of RB-VLDL with copper sulfate SVLDL

decreased the amount of apolipoprotein thiol Neitve  Coprer

(-SH) by 26% (Table 1). In addition, there

was a significant increase of carbonyl con- Electrophoretic mobility (cm) = =
Cholesteryl ester hydroperoxides (uM) 2.8 72.7

Concentration of lipids in blood plasma Triacylglycerol hydroperoxides (uM) 1.8 23.2
Phospholipid hydroperoxides (uM) 0.6 114.3

Two months after starting cholesterol Cc3onY! content (nmol/img protein) 104 733

Thiol (-SH) content (umol/mg protein) 6.8 5.0

feeding, the total cholesterol concentration
in blood plasma increased approximately
40-fold in comparison to the basal cholesprotein fraction with a density <1.019 g/ml 6
terol content of HC rabbits (1182.4 = 172.(h after injection o™ Tc-nat-R-VLDL into C
mg/dlvs31.9 + 9.5 mg/dI, respectively, N = and HC rabbits. In contrast, when animals of
20, P<0.001). Triacylglycerol concentrationboth groups were injected witP™c-ox-13-
also increased on account of the cholesterollL DL, 95-98% of the radioactivity was pres-
rich diet (57.5 + 21.8 mg/dl for basals entin the lipoprotein fraction with a density
260.3 £ 72.3 mg/dl after 60 days, P<0.01). Ir<1.019 g/ml. In both C and HC groups the
HC rabbits, more than 85% of blood plasmalasma clearance &™Tc-nat-R-VLDL and
cholesterol was recovered in the lipoproteif®Tc-ox-R-VLDL reflects a biexponential
fraction with a density less than 1.019 g/mldecay mode (Figure 1). Decay curves showed
that plasma clearance ¥ c-ox-R-VLDL
Fractional clearance rate was faster than plasma clearancé®8f c-
nat-R-VLDL in C rabbits (P<0.05). How-
After injection of the native and copper-ever, both*"Tc-labeled lipoproteins were
oxidized®Tc-labeled R-VLDL into C and removed from HC rabbit plasma at a slower
HC rabbits, the radioactivity in plasma wagate than from C rabbits (P<0.05). More-
measured and the FCR (per hour) was calcover " Tc-ox-B-VLDL remained in HC rab-
lated. Plasma radioactivity was also deterbit plasma for a longer period of time in
mined after 20% TCA precipitation. Thecomparison t&#"Tc-nat-R-VLDL. FCR data
FCR values calculated after TCA precipitaare shown in Table 2.
tion were similar to those obtained with total
plasma (data not shown). In addition, th@iodistribution studies
radioactivity was measured in the lipopro-
tein fraction with a density <1.019 g/ml after  Biodistribution data for injected native
ultracentrifugation of plasma samples oband oxidized®Tc-R-VLDL were obtained
tained from 2 rabbits of each group (C andor male New Zealand white control rabbits
HC) 5 min and 6 h after injection of thefasted overnight (N = 8) and cholesterol-fed
%Tc-labeled lipoproteins. Approximately rabbits (N = 9) 6 h after injection. Table 3
85% radioactivity was observed in the lipo-shows the percent of the injected dose of

Braz J Med Biol Res 30(6) 1997
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Figure 1 - Plasma decay curves

of native 9¥MTc-R-VLDL and cop-

per-oxidized 99MTc¢-R-VLDL in
control (A) and hypercholester-

olemic rabbits (B). Data are re-

ported as means for 8-9 rabbits.
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Table 2 - Removal of native and copper-modified
99mTc-labeled B-VLDL from plasma of cholesterol-fed
and control rabbits.

Data are reported as means + SD of results obtained
from (N) rabbits. *P<0.05 compared to the respective
control rabbits; **P<0.05 compared to native R-VLDL
from control rabbits (ANOVA and Scheffé test).

Fractional clearance rate/h

9MTc-R-VLDL  Cholesterol-fed Control
Native 0.163 = 0.043* 0.241 + 0.020
(N=9) (N=28)

Copper-modified 0.100 + 0.048* 0.362 + 0.070**
(N=8) (N=28)

E.L. Silva et al.

99T c-lipoproteins per gram tissue. No dif-
ference if°™Tc-0x-3-VLDLor*Mc-nat-R-
VLDL uptake was observed among the tis-
sues studied (liver, kidney, spleen, adrenal
glands, aorta, heart, muscle and adipose tis-
sues, lung and bone marrow) in C rabbits.

In HC rabbits, both**™Tc-nat-R-VLDL
and 9°"Tc-ox-R-VLDL were taken up to a
lesser extent by the liver than in C rabbits. In
contrast, the aorta and other tissues showed a
similar accumulation o¥™Tc-nat-3-VLDL
and 9T c-0x-3-VLDL in both C and HC
rabbits (Table 3). This suggests that internal-
ization of these lipoproteins by these tissues
may be mediated by receptors that are not
down-regulated by cell cholesterol content.
A 1.5- and 2-fold higher uptake ¥fTc-nat-
3-VLDL and %"Tc-ox-B-VLDL, respec-
tively, was noted in the whole aorta and in
the aortic arch containing atherosclerotic le-
sions when compared to normal aorta. How-
ever, there was no significant difference be-
tween %®"Tc-ox-R-VLDL and **"Tc-nat-R3-
VLDL accumulation in the atherosclerotic
aorta.

The cholesterol-rich diet increased the
weight of liver, adrenals and spleen but did
not affect the weight of the aorta (data not
shown). Moreover, the uptake of b&thTc-
ox-B-VLDL and %°"Tc-nat-3-VLDL calcu-
lated as % of injected dose per whole organ
(Table 4) was similar to the uptake calcu-
lated as % of injected dose per gram tissue.
The effect of tissue weight enhancement due
to the cholesterol-rich diet was observed in
the spleen where an increas@dr c-nat-[3-
VLDL uptake was found in HC rabbits. Since
the presence of atherosclerotic lesions did
not affect the weight of the aorta, t&Tc-
labeled lipoprotein uptake by the whole aorta
was similar to that obtained by % of injected
dose per gram tissue.

Imaging studies

The gamma camera images of the biodis-
tribution of**"Tc-labeled lipoproteins in one
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control rabbit and one cholesterol-fed rabbilabeled lipoproteins by the liver was higher
obtained 6 h after injection are shown irin the control rabbit than in the cholesterol-
Figure 2. The liver was the predominanfed rabbit. In the latter, there was a high
uptake site for®*"Tc-nat-R-VLDL (Figure uptake of botB®"Tc-nat-3-VLDL and®™Tc-
2A) and *"Tc-ox-R-VLDL (Figure 2C) in ox-B-VLDL by the kidneys (Figure 2B and
the control rabbit. The uptake of &1"c-  2D).

Table 3 - Biodistribution of 99MTc-R-VLDL in rabbits.

Data are reported as means + SD of results obtained from control (C) and hypercholesterolemic (HC) rabbits
and are expressed as percentage of the injected radioactivity dose/g tissue. *P<0.05 compared to the
respective C group (ANOVA and Scheffé test).

Tissue Native R-VLDL Copper-oxidized 3-VLDL
C(N=8) HC (N =9) C(N=8) HC (N =9)

Liver 0.301 + 0.113 0.114 + 0.071* 0.305 + 0.149 0.116 + 0.057*
Kidney 0.575 + 0.106 0.536 + 0.183 0.523 + 0.201 0.517 + 0.169
Heart 0.028 + 0.014 0.030 + 0.009 0.026 + 0.012 0.026 + 0.009
Muscle (m. psoas) 0.002 + 0.0007 0.003 + 0.002 0.002 + 0.001 0.004 + 0.002
Adrenal gland 0.086 + 0.023 0.052 + 0.021 0.103 + 0.055 0.092 + 0.057
Lung 0.049 + 0.007 0.066 + 0.041 0.057 + 0.025 0.112 + 0.090
Spleen 0.113 + 0.034 0.073 + 0.034 0.162 + 0.128 0.207 + 0.200
Aorta (whole) 0.021 + 0.009 0.030 + 0.010* 0.016 + 0.008 0.032 + 0.015*
Aortic arch 0.023 + 0.010 0.033 + 0.012* 0.019 = 0.010 0.039 + 0.017*
Aorta (thoracic) 0.019 + 0.009 0.028 + 0.012 0.015 + 0.008 0.029 + 0.016
Aorta (abdominal) 0.020 + 0.010 0.028 + 0.009 0.015 + 0.009 0.027 + 0.013
Bone marrow 0.097 + 0.021 0.079 + 0.004 0.068 + 0.027 0.053 + 0.020
Adipose tissue 0.0025 + 0.002 0.006 + 0.001* 0.003 + 0.0006 0.004 + 0.002

Table 4 - Biodistribution of 9MTc-R-VLDL in rabbits (% injected dose/organ).

Data are reported as means + SD of results obtained from (N) rabbits. C = Control rabbits; HC = hypercholes-
terolemic rabbits. *P<0.05 compared to the respective control group; **P<0.05 compared to native R-VLDL
of the HC group (ANOVA and Scheffé test).

Tissue Native R-VLDL Copper-oxidized 3-VLDL
C(N=8) HC (N =9) C(N=28) HC (N =9)
Liver 25.50 + 3.97 15.35 + 1.38* 28.25 + 4.47 8.31 + 2.40* . **
Kidney 6.11 = 1.19 582 + 2.11 5.85 + 1.66 4.83 + 1.32
Heart 0.123 + 0.057 0.121 + 0.056 0.104 + 0.052 0.113 = 0.046
Adrenal 0.039 + 0.022 0.051 + 0.033 0.046 + 0.032 0.073 + 0.031
Spleen 0.085 + 0.040 0.157 = 0.030* 0.111 £ 0.072 0.312 + 0.215
Aorta 0.012 + 0.004 0.019 + 0.006 0.010 + 0.005 0.021 + 0.010*
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Figure 2 - Biodistribution of 99MTc-labeled R-VLDL 6 h after tracer injection. A, 9°MTc-nat-R-
VLDL in a control rabbit; B, %¥MTc-nat-R-VLDL in a cholesterol-fed rabbit; C, copper-oxidized . ) .
99MTc-R-VLDL in a control rabbit; D, copper-oxidized 99MTc-R-VLDL in a cholesterol-fed |Ip0pf0teln5 present in blood p|a3ma may

rabbit. 1, Liver; 2, kidney; 3, urinary bladder. participate in atherogenesis by different

Braz J Med Biol Res 30(6) 1997
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Accumulation of ®™Tc-labeled R-VLDL by the ~ ographs showing the same pattern were ob-
atherosclerotic lesion served foP"Tc-nat-B-VLDL.

Figure 3 shows the uptake®8fTc-0x-R- Uptake of **™Tc-B-VLDL by macrophages
VLDL by rabbit aorta. For comparison, we
analyzed the aortas of one control (Figure To determine whethéP™Tc-labeling af-
3A) and one cholesterol-fed rabbit (Figurefects the binding of lipoproteins by cell mem-
3B). The hypercholesterolemic rabbit aortdrane receptors, as well as to validateiour
accumulate®@®Tc-ox-B3-VLDL mainly inthe vivo findings, the uptake of*"Tc-labeled
aortic arch where numerous atherosclerotiipoproteins was tested in THP-1 macro-
lesions occurred (Figure 3B). In control rabphages and rabbit monocyte-derived macro-
bits, the accumulation 8#™Tc-ox-B-VLDL phages. For uptake rate measurements these
was barely observed (Figure 3A). Autoradicells were initially preincubated with LPDS
and further incubated with increasing a-
mounts oP*"Tc-nat-R-VLDL and®"Tc-ox-
3-VLDL (Figure 4). Data obtained after 4-h
incubation showed that both THP-1 macro-
phages and rabbit monocyte-derived macro-
phages internalize®"Tc-ox-3-VLDL to a
greater extent thaWTc-nat-[3-VLDL?"Tc-
0x-B-VLDL uptake was approximately 5-
fold higher in THP-1 macrophages (Figure
4A) and 2-fold higher in monocyte-derived
macrophages (Figure 4B) th&iTc-nat-13-
VLDL uptake.

Discussion

Hypercholesterolemiais an important risk
factor for the development of the atheroscle-
rotic process, particularly in terms of the
cholesterol transported in the LDL and in 3-
VLDL of rabbits fed a cholesterol-rich diet.

In vitro studies have shown that oxidative
modification of B-VLDL can contribute to
atherogenesis (25). Oxidized B-VLDL in-
creases foam cell formation through binding
and internalization into macrophages via
macrophage scavenger receptors (25). The
presence of oxidatively modified lipopro-
teins in the plasma of animals and athero-
sclerotic patients has been demonstrated (11-
13). However, the pathophysiological role
of these circulating oxidized lipoproteins re-
mains a matter of speculation. The oxidized
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B

Figure 3 - Autoradiography for 9mTc-ox-R-VLDL uptake
in the aorta. A, Aorta from a control rabbit; B, aorta from
a hypercholesterolemic rabbit. The arrow indicates the
accumulation of copper-oxidized 99MTc-R-VLDL in the
atherosclerotic lesions of the aortic arch from choles-
terol-fed rabbits.
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mechanisms. The present study shows data
of biodistribution, fractional clearance rate
and atherosclerotic lesion uptake of oxidized
99mMTc-3-VLDL in cholesterol-fed rabbits.
This radiotracer was chosen becat?§&c-
labeled lipoproteins can be used for nonin-
vasive quantitative biodistribution studies
by scintigraphic imaging and for quantita-
tively determining the uptake and degrada-
tion of lipoproteins (14).

The biodistribution and fractional clear-
ance rate differ between native and oxidized
3-VLDL in cholesterol-fed and control rab-
bits. A relevant and new finding observed
here was the significant reduction of plasma
99mTc-ox-RB-VLDL removal in hypercholes-
terolemic rabbits (Table 2 and Figure 1). Our
data show that the exogenously oxidized 3-
VLDL remains in plasma for as long a time
as the native one. This contrasts with previ-
ous findings showing that exogenously oxi-
dized lipoproteins are rapidly removed from
blood plasma by cells of the monocytic phag-
ocyte system (26). This result suggests that
in these animals there is a significant pool of
oxidatively modified R-VLDL in blood
plasma responsible for the competitive inhi-
bition or saturation of common cell recep-
tors, leading to a slower removal 6f'Tc-
ox-B-VLDL from plasma. Indeed, we re-
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Figure 4 - Uptake of 99MTc-nat-
R-VLDL and 99MTc-ox-R-VLDL
by THP-1 macrophages (A) and
rabbit monocyte-derived mac-
rophages (B). Uptake was de-
termined after incubating the
cells with medium containing
increasing concentrations of
labeled lipoproteins for 4 h at
37°C. The internalization of
the 99MTc-labeled R-VLDL into
cells was determined after
solubilizing cells in 0.1 N
NaOH and measuring the ra-
dioactivity with a gamma-
counter. Each point is the
mean of triplicate determina-
tions made in 2-3 experi-
ments.
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cently demonstrated that 3-VLDL isolatedby the kidney observed in our study may be
from blood of cholesterol-fed rabbits has amelated to the diverse lipoprotein receptors
increased content of lipid hydroperoxidegresent in the cells of this organ. The pres-
(13). ence of apolipoprotein E on the surface of 3-
Consistent with the low fractional clear- VLDL allows this lipoprotein to be internal-
ance rate oP"Tc-3-VLDL is the decreased ized by receptors other than the LDL recep-
uptake of*"Tc-nat-B-VLDL and®*"Tc-ox- tor such as the LRP, the VLDL receptor and
3-VLDL by the liver of hypercholesterolemic glycoprotein-330 (Gp-330) (10). In the kid-
rabbits. Down-regulation of B/E receptors inney, the epithelial cells of the plasma mem-
cholesterol-fed rabbits has been previousligrane in proximal tubules and glomeruli show
shown (27-29). Accordingly, our results in-a high expression of Gp-330, arecently iden-
dicate that the binding and internalization ofified receptor that mediates the endocytosis
oxidatively modified B-VLDL by hepatic of R-VLDL (10). Gp-330 is also present in
cells can be partially mediated by B/E ottype-2 pneumocytes and in the epithelium
other down-regulated receptors. Native RBhning the epididymis and yolk sac (10). Ac-
VLDL is recognized by remnant and B/Ecumulation of°"Tc-R-VLDL in kidneys was
receptors of liver parenchymal cells fromnot decreased in cholesterol-fed rabbits, in-
rats and rabbits (30). In contrast, copperdicating that the receptor mediating its inter-
oxidized B-VLDL is taken up mainly by nalization is not down-regulated by the ste-
Kupffer cells of rat liver (31)n vitrostudies rol content of the cells (Tables 3 and 4).
have shown that acetylated LDL competeglthough lipoproteins are not expected to be
only 10-20% with oxidized 3-VLDL for cell filtered by the kidneys due to their size, they
association and degradation by both livemay bind to Gp-330 present on the glomeru-
endothelial cells and Kupffer cells (31). Thusjar plasma membrane. Another possibility
distinct receptors responsible for the recogfor the appearance of radioactivity in kid-
nition of oxidized 3-VLDL appear to occur neys is the presence of fré&technetium
in rabbit liver, similarly to mouse peritoneal (**"Tc-pertechnetate) released from labeled
macrophages which recognize modified lidipoproteins in the body. However, it has
poproteins by different receptors (32,33). been reported that in both animals and hu-
In contrast to the phenomenon observethans only 5% to 12% of injecte®™Tc
in the liver, the other organs from hyperchoactivity was excreted through the urine within
lesterolemic rabbits incorporated the native 24-h period following an injection & c-
and oxidized R-VLDL possibly through re-LDL, indicating that®™Tc-labeled lipopro-
ceptors which are not down-regulated byein acts as an intracellular ligand (27). In
cell cholesterol content, since both controfact, ®®™echnetium is frequently used as a
and cholesterol-fed animals showed a simiadiotracer because it acts as an intracellu-
lar accumulation o¥™Tc-labeled lipopro- larly trapped ligand providing an accurate
teins in these organs (Tables 3 and 4). Theeasurement of lipoprotein uptake by tis-
accumulation of native®™Tc-R-VLDL by sues (14).
tissues with low LDL receptor activity, such ~ The presence of oxidized LDL has been
as spleen and bone marrow, suggests that theeviously shown in atheromas of hypercho-
uptake of these radiolabeled particles occutesterolemic rabbits and subjects with ath-
ring in the reticulo-endothelial system is proberosclerosis (34). However, tle vivo up-
ably mediated by the scavenger receptotakeof oxidized 3-VLDL by the arteries of
LDL receptor-related protein (LRP) or by cholesterol-fed rabbits has not been reported
phagocytosis. previously. The atheroma foam cells express
The high uptake 8P"Tc-labeled B-VLDL scavenger receptors that recognize negatively
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charged oxidized lipoproteins (35). In fact,mounts by macrophages which express scav-
the copper-dependent oxidation of 3-VLDLenger receptors (40). However, our biodis-
originated particles with increased negativéribution data indicate that when oxidized [3-
charge (Table 1) due to derivation @ VLDL is present in blood plasma its accu-
amino groups of apolipoprotein lysine resi-mulation on the artery wall is not significant-
dues by aldehydes released from peroxly higher than that of native 3-VLDL. These
dized lipids, allowing the recognition of oxi- data agree with those previously reported for
dized lipoproteins by the scavenger receptd®™Tc-labeled oxidized LDL whose uptake
(25,36). Although the atherosclerotic lesionsvas not different from that dP™Tc-native
of aorta arteries from cholesterol-fed rabiDL by aorta of cholesterol-fed rabbits (41).
bits, mainly in the aortic arch, accumulatedesides macrophages, the atherosclerotic
more %9"Tc-ox-B-VLDL than aortas from lesion contains other cells such as smooth
control rabbits (Table 3 and Figure 3), themuscle cells that can take up oxidized and
atherosclerotic lesions of cholesterol-fed rabron-oxidized R-VLDL (42). Therefore, the
bits did not accumulate higher amounts oin vivo removal of both B-VLDL particles
99mTc-0x-B-VLDL than of Tc-nat-B- from plasma reflects the total uptake by the
VLDL. Therefore, both?*"Tc-labeled lipo- different cells present in atheroma. The slow
proteins when present in the blood circularemoval of oxidized R-VLDL from plasma
tion could cross the endothelium to a similaof cholesterol-fed rabbits suggests that this
extent. In fact, Simionescu et al. (37) andxidatively modified lipoprotein may also
Vasile et al. (38) showed that in rats and iparticipate in the atherogenic process in other
hypercholesterolemic rabbits, lipid deposiways, including the induction of increased
tion on the vessel wall occurs by transcytosikeukocyte adherence to endothelium and its
not mediated by specific receptors. cytotoxicity to endothelial cells (43). Finally,
Previous data have shown (14,26,39) thaiur in vitro experiments support previous
99mTc-LDL is intracellularly trapped, thus data showing that oxidized R-VLDL is taken
representing an adequate radiotracer for noop more than the native lipoprotein by the
invasive imaging of LDL metabolism. More- macrophage scavenger receptors (25). How-
over, ®"Tc-LDL is recognized by the high ever, this does nabrrespond to thia vivo
affinity LDL receptor (39) and is also takenprocess, where other cells and receptors may
up by the scavenger pathways (14). A posso participate in B-VLDL uptake.
sible effect of 3-VLDL ®*"Tc-labeling on
lipoprotein uptake in our study was ruled ouAcknowledgments
by in vitro cell culture experiments. Our
results with THP-1 macrophages and rabbit The authors wish to acknowledge Bayer
monocyte-derived macrophages (Figure 4To. (S&o Paulo, Brazil) for the donation of
showed that®™echnetium did not affect the Rompur® and Paula M. Andrade for techni-
binding or internalization of either native orcal assistance. The enzymatic reagents used
oxidized 3-VLDL. Accordingly, oxidatively for lipid analysis were generously provided
modified B-VLDL was taken up in high a-by CELM (S&o Paulo, Brazil).
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