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VITAMIN B6 AND ARTERIOSCLEROSIS
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ABSTRACT

In 1949, Rinehart and Greenberg reported that marked arteriosclerosis occurs in vitamin-B6-deficient
monkeys. The present study investigates the relationship between vitamin B6 and arteriosclerosis and sum-
marizes the results. I found that thrombogenesis, disorder of collagen metabolism and production of free
radicals may be the processes that cause arteriosclerosis in human and experimental animals with vitamin B6
deficiency.

VITAMIN B6 DEFICIENCY AND ARTERIOSCLEROSIS IN MONKEYS

Rinehart and Greenberg? found by chance during studies on vitamin deficiency using rhesus
monkeys that marked arteriosclerosis occurs in vitamin-B6-deficient monkeys. The following are
some of the interesting findings that they obtained from their experiment. One finding was a
marked increase in acid mucopolysaccharides stained by toluidine blue in the hypertrophic
tunica intima. A second finding was the very small amount of lipid present in fibrous plaques
(no high lipid diet was given). A third finding was that cell proliferation and fibroplasia in the
tunica intima occurred in almost all of the arteries in the organs, especially the coronary arteries,
the aorta and the kidneys.

We started our research to supplement the work of Rinehart and Greenberg. We used
Japanese monkeys instead of rhesus monkeys. The results are shown in Table 1. We observed
arteriosclerosis in the brain, pancreas and liver, a new finding not seen by Rinehart and Green-
berg. Vascular wall changes similar to those in the arteries were also seen in the arterioles. New
findings were obtained in fields not previously reported (Photos 1—10). Therefore, we took our
research one step further by planning a regression experiment. This study was performed by rea-
ring young Japanese monkeys (2—3 years of age) on a vitamin-B6-deficient diet for 1 to 2
years, followed by 1.5 to 2 years on a controlled vitamin B6 supplemented diet (Tablel). The
results indicated clear regression on arteriosclerosis in the various organs, especially the coron-
ary and splenic arteries. This was the first regression experiment ever performed using monkeys
and the results have been quoted in international journals and publications, including Beyond
Cholesterol® and Atherosclerosis Review?).

WHY DOES ARTERIOSCLEROSIS OCCUR IN B6 DEFICIENT MONKEYS?

We also attempted to answer the question, why arteriosclerosis occurs in B6 deficient mon-
keys, but there was a difficult barrier to overcome. Naturally, the serum cholesterol of the mon-
keys did not increase only because of vitamin B6 deficiency (Table 2).%>® Since it was thought
at the time that thrombi were formed in various arteries, it appeared that there was a
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Photo 1. Lipid staining of the thoracic aorta (Very Photo 2. Intraperitoneal artery (Elastica-van Gieson
little lipid) staining)
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Photo 3. Intraperitoneal artery (Elastica-van Gieson Photo 4. Iliac artery (Elastica-van Gieson staining)

staining)

Photo 5. Coronary artery (Elastica-van Gieson stain- Photo 6. Coronary artery in the myocardium (Elas-
ing) tica-van Gieson staining)
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Photo 7. Thrombus in the common iliac artery Photo 8. Renal artery (Elastica-van Gieson staining)
(Elastica-van Gieson staining)

Photo 9. Thoracic aorta (Toluidine blue staining) Photo 10. Renal glomerulus (Elastica-van Gieson
(calcification) staining)

Table 1.  Arterial Lesions in Pyridoxine-Deficient Monkeys and Their Recovery
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relationship between vitamin B6 deficiency and the blood coagulation-fibrinolysis system.
Therefore, it was evident that the plasma fibrinolytic system was reduced in vitamin-B6-defi-
cient monkeys (Figs. 1 and 2). This led to the discovery of a relationship between thrombin and
vitamin B6, i.e., it was found that vitamin B6 has antithrombin activity.” At the time, the same
problem was also being studied in the United States. McCully reported that when rabbits were
given large doses of homocysteine and methionine, many thrombi were formed in various ar-
teries, especially those in the lungs, and that such thrombosis could be prevented by vitamin
B6.%) We confirmed these results in ensuing experiments.”) It was originally reported that arte-
riosclerosis appeared at an early stage in patients with homocysteinuria, and this causal relation-
ship has been clarified. Therefore, international competition in this field of research has become
more heated. We found that homocysteine alone can cause platelet aggregation.”) This was the
first research of its type in the world. We also discovered that vitamin B6 blocks platelet aggre-
gation by thrombin.'?

Table 2. Serum Lipogram of Pyridoxine-Deficient Monkeys

Experi. | Serum | Serum |Serum B-
Sex | Period | Total Free |[Lipoid| C/P | Lipo. |Trigly.
months |Cholest.|Cholest.| -P Index|mg/dl
mg/dl | mg/dl | mg/dl
¢ 12 192 282.210.68
? J 12 89 16.3 128.410.71 | 0.25 | 142.7
Sl o | 12 116 | 154 | 94.0 [1.23 | 0.28 |374.1
Sl o | 14 113 | 202 |151.4{0.75
g 15 141 25.8 153.7 |0.92
J 12 121 18.8 147.1 10.82
S| ¢ 12 154 | 39.3 |108.7(1.42 | 0.24 {101.3
é e 12 134 19.1 112.211.19 | 0.27 {1125
Q 15 153 18.8 154.1 {0.99
C/P: Serum total cholesterol/serum total phospholipid
Plasma Euglobulin Lysis Time
, 40 45 5? hrs.
Control 1 ' !
Bg-deficient ]
Bg-deficient ]

Fig. 1. Fibrinolytic activity of pyridoxine-deficient monkeys
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Fig. 2. Fibrinolytic activity of pyridoxine-deficient monkeys
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RELATIONSHIP BETWEEN THE FREE RADICAL THEORY OF AGING AND
ARTERIOSCLEROSIS IN VITAMIN B6 DEFICIENCY

In the United States and Europe, the lipid or cholesterol theory of arteriosclerosis, which im-
phasize the epidemiological relationship between serum cholesterol and arteriosclerosis, is still
widely accepted. However, attention is now focused on the relationship between denatured
LDL, especially oxidized LDL, and the arteriosclerosis theory of Steinberg et al')), and the Be-
yond Cholesterol Theory'? is again being considered. Native LDL directly contributes very little
to atherosclerosis. Interest is directed instead toward denatured LDL, i.e., native LDL is not
part of the scabenger pathway and it has been discovered that denatured LDL or VLDL plays
the main role in the development of arteriosclerosis. Therefore, the type of denatured LDL ac-
tually present at the arteriosclerotic site is the problem, and at present, oxidized LDL is in the
limelight.!®) There is also evidence that LDL is oxidized merely by contact with vascular endo-
thelial cells.!® The presence of oxidized LDL in atherosclerotic foci has been immunologically
confirmed.' We became very interested in the relationship between oxidized LDL, homocys-
teine and vitamin B6. Vitamin E and probucol have been used as antioxidants, but it has also
been found that vitamin B6 has antioxidant action.!®) Recently, Mino et al. reported that homo-
cysteine produces free radicals when conjugated with metal ions.!®) Therefore, it is possible that
the action of homocysteine on platelets, which we previously reported, can be explained by free
radicals. In 1972, we revealed that H,O, itself causes platelet aggregation.!”) These results were
able to explain the Beyond Cholesterol Theory.

COLLAGEN METABOLISM AND VITAMIN B6

Vitamin B6 may be related to arteriosclerosis by means of some mechanism of action on col-
lagen metabolism. With the recent progress made in biochemical research on connective tissue,
we have obtained some interesting findings. These include the results that vitamin B6 is a lead-
ing activator of lysyl oxidase, an essential enzyme in the cross-linking of collagen and elastin;
dissecting aortic aneurysms caused by inhibition of this enzyme activity by f-aminopropionitrile
have been seen in rats. With respect to the above-mentioned enzyme inhibition, it has been
found that (3-aminopropionitrile forms a conjugate with pyridoxal-5-phosphate (PAL-P), the
active form of vitamin B6, and its action is inhibited by PAL-P.'®

It was found at the same time that the formation of dissecting aortic aneurysms due to 3-ami-
nopropinitrile was inhibited by the administration of large doses of vitamin B6.'”) This crosslink-
age impairment presents a very important problem not only in the final stage of arteriosclerosis
but also at its onset. It has been reported that the onset of arteriosclerosis is also caused by the
administration of allylamine, but it was thought that this phenomenon is caused by formation of
the same type of complex between allylamine and pyridoxal-5-phosphate.??), as well as by the
platelet aggregation induced by allyamine itself.!% This platelet aggregation activity was found at
the same time to be inhibited by pyridoxal-5"-phosphate.?”

RELATIONSHIP BETWEEN DIABETIC VASCULAR COMPLICATIONS
AND VITAMIN B6, ESPECIALLY GLYCATION AND VITAMIN B6

It is clear that vitamin B6 plays an important role in both the progression of arteriosclerosis
and in its suppression, but the relationship of vitamin B6 with diabetes, which is often clinically
associated with arteriosclerotic lesions, has not been explored. Several mechanisms for the onset
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of diabetic vascular complications have been proposed. One of them involves polyol metabol-
ism, and another important mechanism is the nonenzymatic glycosylation of protein. This non-
enzymatic glycosylation reaction has been reported to progress freely after it starts and is a cause
of the onset of the characteristic complications of diabetes.

With respect to the onset of arteriosclerosis, no glycated LDL receptors have been found.
Therefore, taking of it into the liver will be delayed, and will take place only in the peripheries
so that its half-life in the body is prolonged; this becomes one of the causes of the onset of arte-
riosclerosis.?? This reaction (glycation) is due to Schiff binding between the lysine of the protein
and the aldehyde group of glucose. Fig. 3 shows the changes in optical density that occur in
vitro because of the reaction between lysine and glucose, i.e., the browning phenomenon, but
this phenomenon was found to be suppressed by the addition of pyridoxal-5'-phosphate as
shown in Fig. 4.22)
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Fig. 3. Absorption spectra of lysine (50 uM).
Browning phenomenon due to reaction between lysine and glucose
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Fig. 4. Inhibition of browning phenomenon by pyridoxal-5-phosphate

The same inhibition was also found in the glycosylation of lipoprotein when pyridoxal-5'-
phosphate was added as shown in Fig. 5.2> Based on this finding, an in vivo experiment was
performed using NSY mice with congenital spontaneous-onset diabetes. When pyridoxal-5"-
phosphate was administered daily to the mice (NSY), the amount of glycosylated protein
(measured by fructosamine) in animals given pyridoxal-5'-phosphate was reduced to almost the
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same level as that in the normal control group even though there was no difference in blood
sugar level between the pyridoxal-5-phosphate NSY group and the NSY control group given
physiological saline.
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Fig. 5. Inhibition of glycosylation of B-lipoprotein by pyridoxal-5"-phosphate

The basement membrane thickening in the NSY mice administered physiological saline found
by electron microscopic examinations of the kidneys as shown in photo 11 was inhibited in the
group administered pyridoxal-5"-phosphate, as shown in photo 12. This means that it is possible
to prevent vascular complication, mainly inhibition of glycosylation of protein and arterios-
clerotic lesions, by administering pyridoxal-5-phosphate in vivo. Therefore, vitamin B6 is con-
sidered to show important in vivo activities for the inhibition of arteriosclerosis via various
mechanisms of action.

Photo 11 Electron micrograph of the kidney of a Photo 12 Electron micrograph of the kidney of an

control NSY mouse administered physio- NSY mouse administered pyridoxal-5'-
logical saline (Thickening of the basement phosphate (Thickening of the basement
membrane and deposits of a uniform struc- membrane is generally absent.)

ture are seen.)
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It is also known that fibrinogen which is considered to play an important role at the sites of
arteriosclerosis, is subject to glycosylation, but it has recently been reported that active oxygen
appears during such glycosylation of protein. It has also been found that vitamin B6, in addition
to vitamin E and superoxide dismutase (SOD), acts as an inhibitor of active oxygen in the
above-mentioned situation. This finding indicates the importance of the antioxidation action of
vitamin B6 (Fig. 6.).
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Fig. 6. Inhibitory effects of pyridoxal-5-phosphate on superoxide production by glycosylated fibrinogen

CONCLUDING REMARKS

This paper outlines my long-term research on the relationship between vitamin B6 and arte-
riosclerosis. Since reading the report of Rinehart and Greenberg, I have been deeply interested
in this work. I met Dr. Greenberg at the San Francisco Medical Center on my way back from
studying in the United States. He said that since I was the only one in the world performing such
research at the time, I should consider working with him in the United States. I was never able
to return to the United States, but I plan to carry on with Dr. Greenberg’s wishes in Japan. I do
not know who will continue my work in the future, but I hope someone will.

REFERENCES

1) Rinehart, I.F. and Greenberg, L.D.: Arteriosclerotic lesions in pyridoxine—deficient monkeys. Am. J. Pathol.
25, 481—491 (1949).

2) Gruberg, E.G. and Raymond, S.A.: Beyond Cholesterol, Vitamin B6, Arteriosclerosis, and Your Heart.
(1981) St. Mrtin’s Press, New York.

3) McCully, K.S.: Homocysteine Theory of Arteriosclerosis: Development and Current Status. In Atherosclerosis
Reviews, vol. 11, pp.157—246 (1983) Raven Press, New York.

4) Kuzuya, F.: Arterioclerosis in pyridoxine Deficient-Monkeys. Primates, 2, 99 (1959).

5) Kuzuya, F.: Experiment on Arteriosclerosis and Arteriolosclerosis induced in Pyridoxine-Deficient Monkeys
and their Recovery. Primates, 3, 77 (1962).

6) Kuzuya, F.: Reversibility of Arteriosclerosis in Pyridoxine-Deficient Monkeys. In Atherosclerosis IV, edited by
Schettler, G., Goto, Y., Hata, Y., and Klose, G., pp. 275—278 (1977) Springer-Verlag, Berlin, Heidelberg,
New York.



VITAMIN B6 AND ARTERIOSCLEROSIS

7) Kitagawa, M.: Experimental and clinical study on the anticoagulant and fibrinolytic effects of vitamin B6. Vir-
amin, 37(6) 550—562 (1968).

8) McCully, K.S. and Ragsdale, B.: Production of arteriosclerosis by homocysteinemia. Am. J. Pathol., 61, 1-11
(1970).

9) Kuzuya, F., Yoshimine, N., et al.: Homocysteine theory of arteriosclerosis Domyakukoka (J. of Japan Athe-
rosclerosis Society), 6 (2), 135—139 (1978).

10) Hayakawa, M., Miura, S., Kuzuya, F., et al.: Platelet aggregating effect of arylamine and its inhibition by pyri-
doxal phosphate. Domyakukoka (J. of Japan Atherosclerosis Society), 11 (1), 191—194 (1983).

11) Parthasarathy, S., Printy, D.J., Boyd, L., Steinberg, D.: Macrophage oxidation of low density lipoprotein
generates a modified form recognized by the scavenger receptor. Arteriosclerosis, 6, 505—510 (1986).

12) Steinberg, D., Parthasarathy, S., Carew, T.E., Khoo, J. C., Witztum, J.L.: Beyond cholesterol: modifications of
low density lipoprotein that increase its atherogenecity. N. Engl. J Med,. 320, 915—924 (1989).

13) Rosenfeld, M.E., Palinski, W., Yia-Hesttuala, S., Butler, S., Witztum, J.L.: Distribution of oxidation specific,
lipid-protein adducts and apolipoprotein B in atherosclerotic lesions of varying severity from WHHL rabbits.
Arteriosclerosis, 10, 336—349 (1990).

14) Henriksen, T., Mahoney, E.M., Steinberg, D.: Enhanced macrophage degradation of low density lipoprotein
previously incubated with cultured endothelial cells : recognition by receptor for acetylated low density lipo-
proteins. Proc. Natl. Acad. Sci. USA, 78, 6499—6503 (1981).

15) Nabu, M.: New application and effect of vitamins, to food-antioxidation effect of vitamin B6. Daiichi Fine
News, No. 2, 1-3 (1989).

16) Hagiwara, K., Kawamura, N., Mino, M., et al.: Peroxidic degeneration in homocystinuria in relation to the
possibility of synthesis of LDL cholesterol and precocious arteriosclerosis. Kasankashishitsu Kenkyu 14 (1), 69
(1990).

17) Kuzuya, F., Yoshimine, N., et al.: A couple of new platelet aggregating factors. Japanese Journal of Geriatrics,
9 (4), 249 (1972).

18) Kono, K., Hayakawa, M., Kuzuya, F.: Action of vitamin B6 in aminopropionytryl-induced rat dissecting aneu-
rysm. Domyakukoka (J. of Japan Atherosclerosis Society), 14, 1225—1229 (1987).

19) Kono, K., Hayakawa, M., Kuzuya, F.: Action of vitamin B6 in aminopropionytryl-induced rat dissecting aneu-
rysm. (Second report) Domyakukoka (J. of Japan Atherosclerosis Society), 15, 1051—1053 (1987).

20) Kuzuya, F., Kitagawa, M. and Yamada, K.: Complex formation of allylamine with pyridoxal phosphate and in-
hibition of GOT and GPT of human serum and rat liver by allylamine. J. Nutr., 98, 280 (1967).

21) Hayakawa, M., Kuzuya, F.: Study on glycosylated LDL. Domyakukoka(J. of Japan Atherosclerosis Society),
13, 1357—1360 (1986).

22) Hayakawa, M., Andou, F., Kuzuya, F.: Glycosylated B-lipoprotein and arteriosclerosis in patients with
diabetes mellitus. Nippon Rinsho, 46, 665—670 (1988).

23) Hayakawa, M., Iwata, Y., Kuzuya, F.: Study on glycosylated -lipoprotein — its metabolism and effect on vas-
cular wall. Domyakukoka (J. of Japan Atherosclerosis Society), 14, 31—36 (1986).





