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Effect of vitamin C deficiency on fetal and neonatal development and aging.

Akihito IsHicamI
Molecular Regulation of Aging, Tokvo Metropolitan Institute of Gerontology

Summary
Vitamin C (L-ascorbic acid) is a water-soluble vitamin that functions as an electron donor to reduce the reactive

oxygen species. Vitamin C is also a cofactor for numerous biosynthetic enzymes such as prolyl and lysyl hydroxy-

lase for procollagen hydroxylation. Vitamin C is synthesized mainly in the liver of most mammalian species including

mice and rats. However, humans, primates, and guinea pigs are unable to synthesize vitamin C in vivo. To clarify

the relationships between vitamin C and aging, we developed SMP30/GNL knockout mice which unable to synthe-

size vitamin C i vivo and found that these knockout mice were shorter in life-span than the wild-type mice when

fed vitamin C low diet (about 25% a day of vitamin C). Moreover, we also found that an absence or low intake of

vitamin C during pregnancy induced multiple abnormalities in the developing tissues of SMP30/GNL knockout mice.

Therefore, a diet that supplies an adequate amount of vitamin C is essential to avoid a life-shortening deficiency and

to provide optimal conditions for fetal and neonatal health.

LIS

Y IV ClEABREYIVO—HMTHY, 1LFMA
BHZZTAINVEVEEE W), ¥ 3 CIlTidfbirt
EOHIZRFE2MNB L3I vy V4 — v
([-C(OH)=C(OH)-]) & X ¥ 2 w125\ 3= ok A 23
HHET S (Fig 1o & OfLFMEE % Fio 25
FTFEIFITVHANL (0:7) e kaFT 53V 0 (FOH)
R EDOWEEBER (ROS) 2MET AW, £/, KN
TOEY IV CIEEERHIELHFETSAIT—7 /i
MEOREEL, aLATu— Va2 oRERHS, 7TrFLF) v
BREHNTA-NT I VEBRICEERBEZMT 2 MK T L
LTo@xddhs

Yy Iy ClRABNTHLD, RELHEEIRPT
<, WERLRTVWY, Fh-be M, ¥y 3y CAAK
BEORBINET LR, -0/ 57 b VBLEEED
BETFICEL DB TE S DERDP Ao 72720, E¥ I
CEDLEDORTIELZENTER VY, ¥F¥ IV Can
5720 TIESL Z ENTELRVEIWIE, v, YL, EL
Ev b ERONIEWIZTTH S, MoB, BlZIEA
A4, YTABEFEALEOHWEINSLEOHRTE Y
SVCEREAZILNTE D, T, A7-BLI3HHD

A — I\ —

BEHNLEY IV Ca oIl BIL 2R, R TR
B, RZIRFEIZH S, 2L T, ®&BEIZIEY IV CRZ
RETH LM EFIEL, FICEDL ARTIE, ¥F I
CARRDPEAREFIRRITTHE, T LTHAOE Y 3
Y CARDPIRRDOFEA R E I FATT HEIZ O W TR
T %o

I
Endiol group  C1=—
i
HO —C?
Il 1O
HO—C?
I
H _(|:4_
HO —C*—H
C®H,OH

Fig. 1 Chemical structure of vitamin C
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a | Malfunction of the circulatory system

Fig. 2 Schematic illustrations of the hypothesis that insufficient
intake of vitamin C during gestation leads to fetal con-
gestive heart failure. Insufficient intake of vitamin C
during gestation induces abnormal heart development
such as (a) thinning of the ventricular myocardium. (b)
Thinning of the ventricular wall reduces cardiac output
(1) and allows blood to accumulate in the heart, resulting
in an increase of internal cardiac pressure. Intolerance
of such pressure promotes cardiac dilation. Finally, the
reduced blood flow (2) facilitates congestion in the liver
and lung and incomplete expansion of pulmonary alveoli.

IBIZE T I ¥ CARIREBIZH > TV D FEtEdH %o

¥¥ 3 CrEEETE R\ SMP30/GNL #{x T K
XU AEHCIHEIAS bbb EBY, E¥IYCD
AJEIREEDS R IZHE < & FmAR L % B W R D %6
F72, R, HMEROY S I ¥ CALH R IR
OBREZR LR D 5. TREBT L2020, 7
LI LR EERREY A S Y IV C e HoIcBIT 5
X9 HEDP SO BLER D S,

SE

1) Bielski BH, Richter HW, Chan PC (1975) Some

properties of the ascorbate free radical. Ann N Y



2)

3)

4)

5)

6)

7)

8)

9)

Acad Sci 258: 231-237.

Nishikimi M (1975) Oxidation of ascorbic acid with
superoxide anion generated by the xanthine-xan-
thine oxidase system. Biochem Biophys Res Com-
mun 63: 463-468.

Kondo Y, Sasaki T, Sato Y, Amano A, Aizawa S,
Iwama M, Handa S, Shimada N, Fukuda M, Akita
M, Lee ], Jeong KS, Maruyama N, Ishigami A
(2008) Vitamin C depletion increases superoxide
generation in brains of SMP30/GNL knockout
mice. Biochem Biophys Res Commun 377: 291-296.
Amano A, Tsunoda M, Aigaki T, Maruyama N,
Ishigami A (2013) Effect of ascorbic acid deficiency
on catecholamine synthesis in adrenal glands of
SMP30/GNL knockout mice. Eur J Nutr (in press).
Kishimoto Y, Saito N, Kurita K, Shimokado K,
Maruyama N, Ishigami A (2013) Ascorbic acid en-
hances the expression of type 1 and type 4 colla-
gen and SVCT2 in cultured human skin fibro-
blasts. Biochem Biophys Res Commun 430: 579-584.
Iwama M, Shimokado K, Maruyama N, Ishigami A
(2011) Time course of vitamin C distribution and
absorption after oral administration in SMP30/GNL
knockout mice. Nutrition 27: 471-478.

Uchida E, Kondo Y, Amano A, Aizawa S, Hanamu-
ra T, Aoki H, Nagamine K, Koizumi T, Maruyama
N, Ishigami A (2011) Absorption and excretion of
ascorbic acid alone and in acerola (Malpighia emar-
ginata) juice: comparison in healthy Japanese sub-
jects. Biol Pharm Bull 34: 1744-1747.

Kondo Y, Higashi C, Iwama M, Ishihara K, Handa S,
Mugita H, Maruyama N, Koga H, Ishigami A (2012)
Bioavailability of vitamin C from mashed potatoes
and potato chips after oral administration in
healthy Japanese men. Br J Nutr 107: 885-892.
Kondo Y, Inai Y, Sato Y, Handa S, Kubo S, Shimo-

10)

11)

12)

13)

14)

— 100 —

kado K, Goto S, Nishikimi M, Maruyama N, Ishiga-
mi A (2006) Senescence marker protein 30 func-
tions as gluconolactonase in L-ascorbic acid
biosynthesis, and its knockout mice are prone to
scurvy. Proc Natl Acad Sci USA 103: 5723-5728.
Ishigami A, Kondo Y, Nanba R, Ohsawa T, Handa S,
Kubo S, Akita M, Maruyama N (2004) SMP30 defi-
ciency in mice causes an accumulation of neutral
lipids and phospholipids in the liver and shortens
the life span. Biochem Biophys Res Commun 315:
575-580.

Sato T, Seyama K, Sato Y, Mori H, Souma S, Aki-
yoshi T, Kodama Y, Mori T, Goto S, Takahashi K,
Fukuchi Y, Maruyama N, Ishigami A (2006) Senes-
cence marker protein-30 protects mice lungs from
oxidative stress, aging, and smoking. Am ] Respir
Crit Care Med 174: 530-537.

Koike K, Kondo Y, Sekiya M, Sato Y, Tobino K,
Iwakami SI, Goto S, Takahashi K, Maruyama N,
Seyama K, Ishigami A (2010) Complete lack of vi-
tamin C intake generates pulmonary emphysema
in senescence marker protein-30 knockout mice.
Am ] Physiol Lung Cell Mol Physiol 298: L784-792.
Saito K, Yokoyama T, Yoshida H, Kim H, Shimada
H, Yoshida Y, Iwasa H, Shimizu Y, Kondo Y, Han-
da S, Maruyama N, Ishigami A, Suzuki T (2012) A
Significant Relationship between Plasma Vitamin C
Concentration and Physical Performance among
Japanese Elderly Women. ] Gerontol A Biol Sci
Med Sci 67: 295-301.

Kishimoto Y, Kanai T, Sato K, Lee ], Jeong KS,
Shimokado K, Maruyama N, Ishigami A (2013) In-
sufficient ascorbic acid intake during gestation in-
duces abnormal cardiac dilation in fetal and neona-
tal SMP30/GNL knockout mice. Pediatr Res 73:
578-584.



