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ABSTRACT

The present study was undertaken to examine the effect of vitamin B12 on serum cholesterol levels and
development of aortic atherosclerosis in New Zealand White male rabbits fed a high cholesterol diet.
Twenty rabbits were divided into 4 groups matched for their baseline serum cholesterol values. Groups
1 and 2 received a normal diet, whereas groups 3 and 4 had cholesterol mixed with their chow. After 5
weeks, the serum cholesterol of groups 3 and 4 increased by approximately 12 fold compared to groups
1 and 2. At that point, vitamin B12 was administered in the drinking water (1000 micrograms/l) to
rabbits in groups 2 and 4. At week 8, the Vitamin B12 dose was increased to 2400 micrograms/l for
group 4. At 12 weeks into the study, rabbits in group 4 (high cholesterol diet plus vitamin B12) had a
serum cholesterol level of 919 +/- 270 mg/dl while those of group 3 (high cholesterol diet) had a serum
cholesterol level of 1417 +/- 250 mg/dl. At the end of the study, rabbit aortas were excised, fixed, and
stained with fat-red-B, a dye for lipid. Comparison of the aortas of rabbits that received the lipid rich
diet revealed that animals given additional vitamin B12 had significantly decreased surface area of fat
deposition. These data suggest the potential role for vitamin B12 as a safe and inexpensive
pharmacological intervention for the modification of the progression of human atherosclerosis.

INTRODUCTION

In the Western world, atherosclerosis is by far the most common cause of serious morbidity and death (1-5)
and is responsible for the majority of cases of myocardial and cerebral infarction. Indeed, studies have shown
that greater than half of total annual mortality in the United States is a consequence of the widespread



complications of this disease (i.e., coronary artery disease, stroke, limb gangrene, etc.) (6) and similar
statistics are reported in Canada (7). As such, atherosclerosis is a major health concern and identification of a
safe, effective and inexpensive treatment should have widespread application.

Atherosclerosis affects mainly the medium and large elastic and muscular arteries; the aorta is severely
affected and coronary artery atherosclerosis is associated with the serious complication of ischemic heart
disease (2). The significant lesion is the fibrofatty plaque, which consists of a thickening arising within the
intima and is typically confined to this region of the vessel (8). The plaque is composed of a core of lipids,
mainly cholesterol, and a fibrous cap. With progression of the disease, the plaques increase in number and
size, extending into the subjacent media and progressively obstructing the lumen of the artery, or when
eroded or ruptured, serving as triggers for thrombosis, thereby compromising arterial blood flow (2-5).
Despite extensive study, the atherogenic process has not yet been fully elucidated. It is probable that several
environmental and intrinsic factors -- such as genes, growth factors, vessel wall cell types, and blood
components -- interact to contribute to the complex atherogenic process (2-5).

There is a strong correlation between elevated serum cholesterol levels (>200 mg/dl) and the incidence of
atherosclerosis (9,10). Also, a high fat diet in humans is correlated with both coronary artery disease and high
blood cholesterol levels (10). Most lipids, including cholesterol, are carried in the circulation bound to an
apolipoprotein; together, this protein/lipid complex is termed a lipoprotein (11). The low density lipoprotein
(LDL) carries the highest concentration of cholesterol and cells internalize LDL cholesterol for various
functions (i.e., membrane maintenance, hormone synthesis) via the LDL receptor (12,13). When cellular
requirements for cholesterol are satisfied, a compensatory reduction in LDL mediated internalization occurs
(12). Hence, either dysfunction of the LDL receptor (as in familial hypercholesterolemia) or excessive dietary
cholesterol intake should increase blood cholesterol levels; this excess cholesterol likely makes a major
contribution to atherosclerosis. In keeping with this hypothesis, most experimental animals fed a high
cholesterol diet develop atherosclerosis (2-5,12-14).

Risk factors for atherosclerosis include age, male gender, family history, smoking, hypertension, and diabetes
(2-5,14). Some of these risk factors likely promote atherosclerosis via vascular endothelial cell damage
(2,4,10). In addition, recent studies have identified an elevated plasma homocysteine level as an important
independent risk factor for atherosclerosis (15-21). Although endothelial injury is likely a contributing factor
(22-24), the mechanism(s) by which homocysteine produces vascular damage are not precisely understood.

Homocysteine is formed during the metabolism of methionine, an essential sulfur-containing amino-acid
(25). About 50% of the formed homocysteine enters a trans-sulfation pathway in which it is irreversibly
combined with serine by a vitamin B6 dependent enzyme to form cystathionine. The remaining homocysteine
is recycled into methionine by two distinct remethylation reactions, one of which is catalyzed by betaine-
homocysteine-methyltransferase. In the alternative reaction, of principal relevance to the present study,
methionine synthase catalyses the remethylation of homocysteine using vitamin B12 (cyanocobalamine) and
ethyltetrahydrofolate as cofactor and cosubstrate, respectively (25).

Studies have shown that markedly elevated homocysteine levels (which correlate with atherosclerosis) are
associated with subjects with vitamin B12 deficiency, and an inverse correlation between serum B12 and
homocysteine values has been reported by several investigators (25-32). Furthermore, studies have shown
that vitamin B12 supplement, in conjunction with other vitamin supplements (i.e., folate, vitamin B6), can
normalize blood homocysteine levels (25). Considering the potential involvement of vitamin B12 in
protecting against atherosclerosis, the current experiment was designed to determine the protective effect of
vitamin B12 treatment in an animal model of hypercholesterolemia-induced atherosclerosis. The data indicate
that vitamin B12 treatment reduces high cholesterol diet-induced hypercholesterolemia and atherosclerosis
and suggest that further studies should be undertaken to evaluate a potential role for vitamin B12



supplementation in the prevention of mortality and morbidity associated with human atherosclerosis.

MATERIALS AND METHODS

Animals

Twenty New Zealand White, age-matched, male rabbits (NZWR) (Charles River, St. Constant, Quebec,
Canada) were used. After being acclimatized to the animal quarters for at least 2 weeks, the rabbits were
divided into 4 groups matched for their baseline serum cholesterol values (Table 1). Each rabbit was housed
separately with individual food and water supply.

Hypercholesterolemia induction

Rabbits in groups 1 and 2 were fed regular Purina chow. Rabbits of groups 3 and 4 were given the same chow
mixed with cholesterol extracted from Lanolin (Fluka, Switzerland) and oleic acid (Fluka, Switzerland). The
diet was prepared as previously described by Alavi et al. (33). Briefly, 7 g of cholesterol were dissolved in
100 ml warm oleic acid and mixed with 70 g of normal rabbit chow.

Determination of serum cholesterol

Blood samples were collected from the marginal vein of the ear of each animal (from groups 1, 2, 3 and 4) at
the onset of the study and at weeks 2, 3, 5, 8, and 12. Samples were centrifuged and the serum concentration
of cholesterol was determined using a modification of the enzymatic cholesterol measurement assay method
of Allain et al. (34) (Diagnostics Cholesterol Reagent; Sigma, St. Louis, MO, USA). A simple main effect F-
test with Tukey's Honest Significant Different Test was used to evaluate serum cholesterol levels between the
groups.

Vitamin B12

Water was provided to the rabbits in a closed bottle with a nipple device. At the end of week 5 of the study,
vitamin B12 (Jamieson) was added to the drinking water of groups 2 and 4, initially at a concentration of
1000 micrograms/l. After 3 weeks of vitamin B12 treatment, the concentration of vitamin B12 in group 4 was
increased to 2400 micrograms/l for the remainder of the study.

Assessment of atherosclerosis

Twelve weeks following the initiation of the study, all animals were sacrificed by lethal administration of
sodium pentobarbital. Aortas were excised and fixed with 4% formalin, and then stained with fat-red-B
(Gelman Science Inc., Michigan, USA). The stained aortas were then photographed, the photos scanned into
a computer and the surface areas of red-stained (fatty) and unstained white (no fat deposit) regions were
quantified using a software program developed by the Pathology Department, McGill University. A t-test was
used to make a statistical comparison between group 3 and group 4.

RESULTS

Effect of a high cholesterol diet on serum cholesterol

As depicted in Figure 1 and Table 2, the serum cholesterol level of control animals remained steady
throughout the study at approximately 55 mg/dl, such that serum cholesterol was not significantly different
between group 1 (normal diet) and group 2 (normal diet plus vitamin B12) at any week. However, the
cholesterol supplement (groups 3 and 4) raised the serum cholesterol level of rabbits approximately 12 fold at
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the fifth week of the study. Accordingly, the groups fed a high cholesterol diet were significantly different
than the normal diet group (week 3, 5, 8 and 12, p < 0.01).

Effect of vitamin B12 supplementation on serum cholesterol

From week 5 to week 8, the drinking water of group 2 (normal diet plus vitamin B12) and group 4 (high
cholesterol diet plus vitamin B12) was supplemented with 1000 micrograms/l vitamin B12. In this period, the
mean serum cholesterol concentration of group 3 (high cholesterol diet without vitamin B12) increased from
661 +/- 256 to 989 +/- 330 mg/dl. Also from week 5 to 8, the serum cholesterol of group 4 (high cholesterol
diet plus vitamin B12) increased from 622 +/- 270 to 873 +/- 208 mg/dl (Figure 1, Table 2). Since the
difference between groups 3 and 4 did not reach statistical significance at week 8, and considering that
vitamin B12 treatment induced a definite trend towards reducing serum cholesterol, the dose of vitamin B12
was increased to 2400 micrograms/l from week 8 to week 12. At the end of the study (week 12), the serum
cholesterol concentration of rabbits receiving the cholesterol supplement without vitamin B12 treatment
(group 3) was found to be 1417 +/- 250 mg/dl (Figure 1, Table 2). This concentration was more than twice
the concentration measured at the end of week 5. Rabbits receiving vitamin B12 in addition to a cholesterol
supplemented diet (group 4) had a much lower level of serum cholesterol at the end of week 12 (919 +/- 197
mg/dl) (Figure 1, Table 2), despite the fact both groups received the same amount of cholesterol in their diets.
This difference between groups 3 and 4 was significant at week 12 (p < 0.01).

Effect of vitamin B12 supplementation on atherosclerosis

As depicted in Figure 2, the total combined surface area of the red-stained (lipid containing) parts of the aorta
of the rabbits fed a high cholesterol diet averaged 26.29 +/- 1.77 A2 units per animal whereas that of the
rabbits fed the same atherogenic diet supplemented with vitamin B12 averaged 22.5 +/- 1.25 A2 units. This
difference was statistically significant (p < 0.001).

DISCUSSION

In this study, vitamin B12 was demonstrated to significantly reduce hypercholesterolemia and the
development of atherosclerosis in rabbits fed a high cholesterol diet. Other reports have examined the
potential link between low plasma levels of vitamin B12 and risk factors for atherosclerosis. Notably, human
studies have found that plasma homocysteine levels are higher at low plasma levels of vitamin B12 (25-32).
However, the current study is the first to directly measure the impact of vitamin B12 on serum cholesterol
levels and atherosclerosis in an experimental model of diet induced hypercholesterolemia and atherosclerosis.
Considering the putative importance of hypercholesterolemia in the etiology of atherosclerosis, the present
findings are of considerable interest.

The mechanism by which vitamin B12 reduced the magnitude of the serum cholesterol increase associated
with the cholesterol supplemented diet is unclear. However, it is not likely related to the capacity of vitamin
B12 to facilitate remethylation of homocysteine into methionine (25), since no correlation between elevated
blood homocysteine and cholesterol has been shown (35-36). In the current study, it is most probable that
vitamin B12 exerted its effect via the exogenous pathway of cholesterol metabolism and not by reducing
endogenous production of cholesterol, as the activity of 3-hydroxy-3-methylglutaryl-CoA (HMGCoA)
reductase (which catalyses the rate limiting reaction in endogenous cholesterol production) (11) is likely
blocked by the hyperlipidemic diet. It is possible that vitamin B12 facilitated the transformation of cholesterol
into other metabolites, or enhanced its elimination. The mechanism of this effect should be the focus of future
studies.
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In the current study, the vitamin B12 supplement significantly impaired atherosclerotic progression. It is
tempting to speculate that it may have done so via the reduction of plasma homocysteine, as high plasma
levels of this amino acid in humans are associated with both atherosclerosis and low levels of plasma vitamin
B12 (25-32). Furthermore, it is well established that vitamin B12 can reduce homocysteine levels through the
methylation pathway, where it is a cofactor for methionine synthase and thus facilitates the remethylation of
homocysteine into methionine (25). However, it is unclear the extent to which plasma homocysteine
contributes to atherosclerosis progression in the current animal model, in which a high cholesterol diet is
employed to induce atherosclerosis in an otherwise normal population of rabbits. Definitive confirmation of
the contribution (or non-contribution) of homocysteine in the anti-atherogenic effect of vitamin B12 treatment
in this model awaits further study.

Considering that the atherosclerosis was induced by a high cholesterol diet, and that vitamin B12 reduced the
magnitude of serum cholesterol elevation caused by this diet, it is logical to attribute the attenuated
progression of atherosclerosis to cholesterol clearance facilitated by vitamin B12. Indeed, this hypothesis is
supported by the near perfect correlation between total serum cholesterol levels over the 12 weeks of the
study and end stage (week 12) aortic atherosclerosis. Specifically, the high cholesterol fed rabbits
supplemented with vitamin B12 had a total mean serum cholesterol level (weeks 1 to 12) which was 85.6% of
the non-vitamin B12 supplemented high cholesterol fed rabbits (Table 2). The majority of this difference is
accounted for during the last 4 weeks of the study corresponding to the increased dose of vitamin B12 (2400
micrograms/l in the drinking water). Most interestingly, the total aortic atherosclerosis build up in the B12
supplemented animals was 84.5% of control. Thus, there was a virtually one-to-one correlation between total
mean serum cholesterol (a value representative of vasculature exposure to cholesterol) and final aortic
atherosclerosis levels. Hence, this correlation supports the hypothesis that the lower aortic atherosclerosis
associated with vitamin B12 treatment is secondary to vitamin B12 attenuation of induced
hypercholesterolemia.

It was only during the last 4 weeks of the study, when the vitamin B12 concentration was increased to 2400
micrograms/l in the drinking water, that the difference in serum cholesterol between groups 3 and 4 was
significant (p<0.01), with group 4 (high cholesterol diet with vitamin B12 supplement) having a week 12
serum cholesterol concentration which was 35% less than the corresponding value measured in group 3
animals (high cholesterol diet without vitamin B12) (Figure 1, Table 2). Accordingly, in group 4, there was
only a superficial, non-significant increase in serum cholesterol from week 8 to 12 (5.26%) corresponding to
the increased concentration of vitamin B12 supplement (Figure 1, Table 2). The robust capacity of vitamin
B12 to essentially arrest serum cholesterol increases induced by the diet supplemented with cholesterol is
emphasized by the observation that the cholesterol fed animals without vitamin B12 supplement had a rather
large (43%) increase in serum cholesterol level during the same period (Figure 1, Table 2). Hence, these data
suggest that, at this concentration of vitamin B12 supplement (2400 micrograms/l in the drinking water),
serum cholesterol levels are approaching a threshold level. As 1000 micrograms/l did not attenuate the serum
cholesterol increases to the same degree as did 2400 micrograms/l, it would seem that a certain concentration
of vitamin B12 is required before a significant cholesterol lowering effect is observed. Alternatively, a
threshold time to treatment response may also have contributed to this observation.

Clearly, further studies are warranted to substantiate the observed effects. The concentration and time
dependent characteristics of vitamin B12 treatment on atherosclerosis and hypercholesterolemia should be
evaluated in this model, as well as the long-term effects of vitamin B12 treatment. Furthermore, it will be
interesting to establish the capacity of vitamin B12 treatment to impede hypercholesterolemia and
atherosclerosis in a setting where it is administered at the initiation of the hypercholesterolemic diet.
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Vitamin B12 was administered following prolonged consumption (5 weeks) of the hyperlipidemic diet. At this
point, compared to control animals consuming a normal diet, serum cholesterol was dramatically elevated
and atherosclerosis had likely begun (Figure 1, Table 2). Nevertheless, vitamin B12 was able to significantly
prevent further increases in serum cholesterol level and was associated with less advanced atherosclerosis. As
such, the design of the current study has particular significance to the clinical situation, where patients will
most often have pre-existing atherosclerosis and elevated cholesterol when the physician is consulted.

This is the first reported study which demonstrates that vitamin B12 supplementation following the induction
of hypercholesterolemia by cholesterol supplemented diet inhibits further increases in serum cholesterol
level, albeit through a yet to be specified mechanism. Also, the severity of atherosclerosis (which is likely
secondary to the reduced serum cholesterol) was found to be significantly reduced. In conclusion, these
results suggest that vitamin B12 supplementation may prove useful as an inexpensive and effective measure
to inhibit the progression of human atherosclerosis. Further basic studies should be conducted to validate
progressing to a clinical evaluation of this hypothesis.
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