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Effect of Ingested Vanadium on Cholesterol and Phospholipid Metabolism

in the Rabbit.*

(22551)

Joux T. Mounrtain, FurtoN R. StockELL, Jr. AND HERBERT E. STOKINGER.
Occupational Health Field Headquarters, Public Health Service, Cincinnati, O.

The metabolic effects of vanadium have
been investigated as part of a study of the
toxicology of vanadium relative to industrial
exposures. Lipid metabolism was given par-
ticular scrutiny because the following isolated
reports strongly indicated involvement of this
metabolic component: (a) Congestion and
fine droplets of fat in the liver have been pro-
duced by administration of vanadium com-
pounds to rats(1). (b) Reduction in fat and
lipid content of adrenal cortex occurred at
the same time. (c) Addition of ug quantities
of vanadium acetate or metavanadate to
minced liver slices caused increased oxygen
uptake: the fatty acid moiety was the reac-
tive part of the substrate molecule(2). (d)
In man. intramuscular injection of sodium
tetravanadate resulted in increased cata-
bolism as indicated by increased output of alt
nitrogen, sulfur, and phosphorous constitu-
ents determined in the urine(3). (e) Inges-
tion of vanadium pentoxide at dietary levels
beginning at 100 ppm vanadium caused lessen-
ing of cystine content of rat hair(4). (f)
While the present work was in progress, a re-
port appeared stating that vanadium inhibited
in vitro synthesis of cholesterol by rat liver
cells(5).

Methods. 2.5 kg albino rabbits were used,
5 to a group, for each diet. The stock diet for
control groups consisted of Purina Rabbit
Chow Checkers. Test diets consisted of stock
diet pellets coated with dextrin and the de-
sired additives. Test diets were prepared by
sprinkling 2.5 kg lots of stock diet with a
blended corn dextrin suspension containing
vanadium pentoxide and cholesterol additives.
About 500 ml of distilled water containing
25-50 g of dextrin and the required amounts
of additives were homogenized in a Waring
Blendor. The creamy suspension was applied
from a separatory funnel and stirred into the

* Presented before American Chemical Society,
‘Minneapolis, Sept. 14, 1955.

pellets. The coated pellets were air-dried 1
or 2 days. Vanadium was used as vanadium
pentoxide which is of particular interest in
industrial hygiene. Cholesterol was first con-
verted to the amorphous form as recom-
mended by Popjak(6). Coated pellets lost
some vanadium, but not cholesterol, during
handling, and rabbits would not eat the fine
material. In practice 20-30% excess of van-
adium over the calculated amount produced
the desired vanadium content of large food
pellets which the rabbits would eat. Spectro-
scopic analysis was used in checking diets for
proper vanadium content(7). Food was given
ad libitum: the amount consumed by each
rabbit was recorded twice weekly.

Sampling and analysis. Blood was drawn
from the marginal ear vein into tubes con-
taining 1-2 mg Manuronate® anti-coagu-
lant; specimens were taken at weekly or bi-
weekly intervals. Food was withheld 16
hours prior to bleeding. Duplicate analyses
were carried out: where only total cholesterol
was determined, the method of Abell was
used(8). Free and total cholesterol were de-
termined by the digitonin-anthrone method
(9, a, b); Zak’s procedure(12) was used to
obtain data.in Tables II and III. Phospho-
lipid analyses were carried out using a modi-
fied Youngburg method(10); the phospho-
molybdenum blue was developed by Allen’s
method(11). The animals were killed by
cardiac injection of air after final blood sam-
ples were drawn. At autopsy, tissue speci-
mens were taken for analysis and pathologic
examination. Liver samples were ground
with sand and 12 parts anhydrous sodium sul-
fate and extracted with chloroform in a
Soxhlet extractor. The chloroform extracts
were evaporated at low heat on a steam bath,
taken up in petroleum ether, filtered and the
lipid content of the extracts determined by
weighing after warm water bath evaporation.
The lipid residue dissolved in 100 ml petrol-
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TABLE I. Effects of 100 ppm Vanadium, as V,0;, with and without 1% Cholesterol on Livers
and Liver Lipids of Rabbits in 4 Groups.

Total Free
Lipid in liver,  cholesterol, cholesterol, Phospholipid, Vanadinm
Diet % mg mg mg in liver, ug
1: Control * ¥
Mean 2.6 323 155 1840 2.0
Range (2.0-3.1) (168-826) (128-176) (1410-2152) (.9-2.5)
2: 100 ppm V * t
Mean 4.5 230 52 1100 54
Range (2.4-8.9) (175-286) (20-89) (495-1553) (39-82)
3: 1% cholesterol
Mean 9.3 3945 657 2170 2.3
Range (8.1-10.9) (2726-5425) (397-1310) (1540-3205) (.9-3.3)
4: 1% chol +
100 ppm V
Mean 8.9 2668 269 1634 66
Range (3.3-14.1) (651-3575) (165-427) (985-2579) (13-112)

dem

: Differing significantly, P <.005 by ¢‘F’’ test.
I .0

P <.05

eum ether was aliquoted for determinations of
free and total cholesterol and phospholipid.
Diets. Composition of diets and duration
of feeding are given in the Tables. Fig. 1 and
Table I give results of the preliminary experi-
ment to determine if vanadium affects plasma
and liver cholesterol content. Fig. 2 shows
data obtained in determining minimal levels
of dietary cholesterol and vanadium necessary
to produce notable differences among the
groups compared. Tables IT and III show ef-
fects of vanadium on plasma and liver chol-
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FIG. 1. Effects of feeding 100 ppm vanadium, as
V.05, with and without 19 cholesterol, on rabbit
plasma cholesterol levels. Points represent aver-
ages of 5 animals,

esterol and phospholipid levels, both on con-
tinued cholesterol feeding with and without
vanadium, and on these components when
cholesterol was withdrawn from the diet, but
vanadium intake continued after high plasma
cholesterol levels had been attained. Some
exceptions to the general procedure occurred:
the rabbits used to obtain the data in Fig. 1
and Table I were not from the same source as
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FIG. 2. Effects of feeding 50 ppm vanadium, as

V.05, with various amounts of cholesterol, on cho-

lesterol content of rabbit plasma. Points represent
averages of 5 animals.
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the others; Tables IT and III include data
from animals on diets partially restricted to
maintain uniform food consumption.

Results. Fig. 1 shows total cholesterol
levels in the plasma of rabbits receiving vana-
dium with the stock diet were slightly, but not
significantly, lower than those of the control
group. However, when 19% cholesterol was
fed, the addition of vanadium produced highly
significant reductions in the total cholesterol
of the plasma. Thus on day 55, Group 3,
fed 1% cholesterol, averaged 2267 mg%
total cholesterol in the plasma, while Group 4,
which received the same diet with vanadium
added, had an average level of but 896 mg%.
When cholesterol was fed, the free cholesterol
of the plasma also showed differences attrib-
utable to vanadium: an average of 659 mg%
free cholesterol in the plasma of Group 3 rab-
bits (no vanadium) compared to 320 mg%
for Group 4 (vanadium-fed). Table I shows
that the addition of vanadium to the stock
diet resulted in reduction of the average free
and total cholesterol and phospholipid con-
tent of the liver of this group (Group 2) com-
pared to the stock diet controls (Group 1).
Similarly, the average quantities of these 3
substances in the livers of the animals fed
1% cholesterol along with vanadium (Group
4) are lower than the amounts found in the
comparable group (Group 3) which received
no vanadium. Food consumption, weight
gains, liver weights and liver weight/body
weight ratios were not significantly different
for comparable groups.

In Fig. 2, it should be noted that Groups 5
and 7 are compared, so far as the plasma is
concerned, at 2 levels of dietary cholesterol.
It is evident that 50 ppm V had but little, if

any, effect for the first 57 days when these -

groups were receiving 0.1% cholesterol. Sub-
sequently, raising the cholesterol to 1% of the
diet, definitely brings out differences in the
plasma levels in these groups. On day 110
(53 days on 19 cholesterol), total cholesterol
averaged 1333 mg% for Group 5, 848 mg%
for Group 7, (P<.05). Correspondingly,
free cholesterol was 507 mg% against 354
mg%: phospholipid levels followed this pat-
tern to a lesser degree (390 vs 353 mg%).
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Groups 6 and 8 appear to show little, if any,
real differences associated with the presence or
absence of 50 ppm vanadium when cholesterol
is fed as 0.5% of the diet. The livers of com-
parable groups showed slight differences asso-
ciated with feeding vanadium under the con-
ditions of this experiment.

Table II shows that by ‘the 27th day 100
ppm dietary vanadium produces significant
effects on all the plasma lipids in the table.
These effects persisted for the duration of the
experiment where the regimen was constant
throughout. The peak followed by a drop
(eventually leveling off) of plasma levels in
groups 9 and 10 at about 55-68 days follows
the pattern noted by Popjak(6). In the case
of the animals from whose diet cholesterol was
omitted on day 50, i.e. groups 9-0 and 10-0,
the table shows the plasma lipids returned to
near normal levels when vanadium was in the
diet, whereas the rate of decline of the plasma
lipids following withdrawal of cholesterol pro-
ceeds at a definitely slower pace when vana-
dium is not fed. The more rapid disappear-
ance of pre-formed cholesterol in the presence
of vanadium supports the oxidation-catalyst
mechanism. Table IIT shows that food con-
sumption of comparable groups was virtually
identical: the vanadium groups consumed
slightly more food, consequently more choles-
terol. This tends to rule out lower food con-
sumption as a reason for lower cholesterol lev-
els in the vanadium-fed animals. Average
concentrations of liver lipids are lower for
vanadium animals: in most cases they are
nearly great enough to be significant at the
5% level.

Pathologic examination of the tissues of the
rabbits revealed that all animals which in-
gested cholesterol had atheromas of the cor-
onary arteries and aortas, as well as lipid de-
position in the heart. The liver sections ex-
hibited foamy infiltration. Adrenals contained
abundant lipid material and some animals had
considerable lipid in the intestinal mucosa. Of
possible significance was the absence of intra-
cellular lipid deposition in the kidney tubules
of vanadium treated rabbits, while 50% of
the animals not given vanadium showed lipid
deposition in the tubular epithelium. Marked



586

differences in appearance of vanadium and
nonvanadium livers were evident. The color
of the vanadium livers was similar to normal
livers, while livers of rabbits fed cholesterol
without vanadium were much lighter. The
aortas of groups in Tables IT and IIT were
photographed in color and the color slides
were examined and graded as to extent of
plaque formation. Without knowledge of the
diet the particular animal received, grouping
the aortas according to severity of plaque for-
mation served to separate them in relation to
diets: the vanadium-fed animals invariably
had less extensive areas of aortal plaques than
did those receiving cholesterol alone. It may
be noted here, that Curran has recently re-
ported a reduction in aortal cholesterol follow-
ing administration of vanadium to rabbits
(15).

Discussion. The lower plasma cholesterol
and phospholipid accompanied by lower free
cholesterol and phospholipid in the liver of
vanadium animals may result from vanadium
either accelerating metabolism by the liver or
by inhibiting cholesterol synthesis. Inhibi-
tion of synthesis has already been demon-
strated in vitro(5): accelerated metabolism is
suggested by the fact that with low vanadium
(50 ppm, Fig. 2), it was found that no appre-
ciable effects on plasma lipids were observed
when cholesterol levels were low (0.1, 0.5%).
This implies interaction and could be ex-
plained on the basis that vanadium is reacting
chemically with cholesterol, perhaps as an
oxidative catalyst. The minute amounts of
vanadium (16-68 pg) in the liver support this
concept. Vanadium is rapidly excreted after
absorption(13): it is probable that less than
50 ppm of vanadium in the diet does not main-
tain enough vanadium in the liver to have
measurable effects on the cholesterol passing
through. Some evidence as to the form of
cholesterol acted upon by vanadium appears
in Table I: when no extra cholesterol was
fed, the free cholesterol of the liver averaged
only one-third that of nonvanadium controls.
However, this could be explained on the basis
of inhibition of cholesterol synthesis. The
significant reduction in phospholipid parallel-
ing the low free cholesterol in this case is con-
sistent with the observations of Popjak(6)
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that free cholesterol controls phospholipid mo-
bilization. Inhibition of protein synthesis re-
sulting in lowered lipoprotein formation(14)
does not appear to be a factor in the lowering
of the plasma cholesterol levels; had this oc-
curred, cholesterol would have accumulated
in the liver: on the contrary, both plasma and
liver cholesterol levels were reduced by va-
nadium. Finally, as judged by weight gains,
liver weight-body weight ratios and examina-
tion of tissues and organs, vanadium, at the
levels fed in this experiment, had no adverse
effects on the animals.

Summary. 1. Vanadium, in the form of va-
nadium pentoxide, added to a standard diet,
at a level of 100 ppm of the element lowered
free cholesterol and phospholipid content of
the liver of rabbits, while plasma cholesterol
showed no significant changes. 2. Elevation
of free and total cholesterol levels of plasma
was restricted significantly by the addition of
50 ppm vanadium to a 1% cholesterol diet.
Phospholipid levels also were maintained at
lower levels, on the average, although not uni-
formly. 3. When rabbits were fed cholesterol
to raise the plasma levels of cholesterol and
phospholipid, and then the cholesterol was
omitted from the diet, it was found that the
presence of vanadium in the diet produced a
faster rate of return to normal than occurred
when no vanadium was furnished. 4. The
mechanism by which vanadium restricts ele-
vation of plasma cholesterol appears to in-
volve both inhibition of cholesterol synthesis
and accelerated catabolism of cholesterol. The
latter may occur through a catalytic process.
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The general problem of atherosclerosis may
be considered to have 3 major facets: 1) Elu-
cidation of pathogenesis of atherosclerosis;
2) establishment of diagnostic laboratory
procedures; 3) evaluation of methods to pre-
vent or treat the disease. The relationship of
disturbances in serum lipids to pathogenesis
of atherosclerosis has been studied exten-
sively. Interest has centered on distribution
of cholesterol, phospholipids, and neutral fat
between the two major lipoprotein complexes,
the so-called alpha and beta lipoproteins.
Barr et al.(1) demonstrated a definite corre-
lation between percent distribution of choles-
terol in alpha and beta lipoprotein complexes
and the presence of clinically evident athero-
sclerosis and diseases predisposing to athero-
sclerosis. Cohn fractionation, the method
used by these investigators for separation of
alpha and beta lipoprotein complexes, is tech-
nically difficult, expensive and time consum-
ing.

Several reports have dealt with separation

* This study was supported in part by grants in
aid from the Alameda County Heart Assn., National
Institutes of Health, and The Borden Co.

t Alameda County Heart Assn., Fellow, 1955-56.

of alpha and beta lipoproteins by paper
strip electrophoresis and subsequent semi-
quantitation of total lipid staining material in
the alpha and beta fractions, by means of
scanning devices(2). Determination of total
lipids in lipoprotein complexes by staining,
elution, and colorimetric determination has
been reported(3). Xunkel and Slater(4a)
and Nikkila(4b) have attempted chemical
quantitation of serum cholesterol and phos-
pholipid after paper electrophoretic separa-
tion, and subsequent elution of alpha and beta
lipoprotein entities.

The present report deals with a method for
the separation of alpha and beta lipoprotein
complexes by paper strip electrophoresis, and
subsequent quantitation of total lipid, total
cholesterol, and phospholipid in each of these
complexes.

Method. Two 6.5 cm wide Whatman No.
3MM filter paper strips are moistened in a
barbital buffer solution (pH 8.6, ionic
strength 0.05%). They are then placed in
each of 3 plastic boxes having the dimensions
of 24 x 18 x 6.5 cm. Each end of the paper
strips is immersed in a 1.5 liter buffer reser-
voir placed at the end of the boxes. 0.20 ml



