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Abstract

We examined whether short-term ascorbic acid deficien-
cy induces oxidative stress in the retinas of young guinea
pigs. Four-week-old guinea pigs were given a scorbutic
diet (20 g/animal/day) with and without adequate ascor-
bic acid (400 mg/animal/day) in drinking water for 3
weeks. The serum concentrations of the reduced form of
ascorbic acid and the oxidized form of ascorbic acid in
the deficient group were 14.1 and 4.1%, respectively, of
those in the adequate group. The retinal contents of the
reduced form of ascorbic acid and the oxidized form of
ascorbic acid in the deficient group were 6.4 and 27.3%,
respectively, of those in the adequate group. The retinal
content of thiobarbituric acid-reactive substances, an
index of lipid peroxidation, was 1.9-fold higher in the
deficient group than in the adequate group. Retinal
reduced glutathione and vitamin E contents in the defi-
cient group were 70.1 and 69.4%, respectively, of those
in the adequate group. This ascorbic acid deficiency did
not affect serum thiobarbituric acid-reactive substances

and reduced glutathione concentrations but increased
serum vitamin E concentration. These results indicate
that short-term ascorbic acid deficiency induces oxida-
tive stress in the retinas of young guinea pigs without
disrupting systemic antioxidant status.

Copyright © 2004 National Science Council, ROC and S. Karger AG, Basel

Introduction

Ascorbic acid (vitamin C) is an essential nutrient in
humans, primates, and guinea pigs because these animals
do not have the ability to synthesize the compound [4].
Although there is no information as to the content of
ascorbic acid in whole human retinas, it is known that
ascorbic acid is distributed in the avascular and vascular
regions of premature human retinas and in the central and
peripheral regions of mature human retinas [21]. The reti-
nas of guinea pigs contain a high concentration of ascorbic
acid (millimolar order) and the retinal ascorbic acid con-
centration of guinea pigs is equivalent to that of rats, rab-
bits, and cows which are capable of ascorbic acid synthe-
sis [12]. In guinea pigs and baboons, the concentration of
the reduced form of ascorbic acid is high in the neural
retina, while the concentration of the oxidized form of
ascorbic acid, i.e. dehydroascorbic acid, is high in the pig-
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ment epithelium-choroid [40, 49]. Ascorbic acid is known
to scavenge reactive oxygen species (ROS) such as super-
oxide radicals, singlet oxygen, hydroxyl radicals, hydro-
gen peroxide, and peroxyl radicals by itself and exert an
antioxidant action by interacting with reduced gluta-
thione (GSH) or vitamin E [2, 3, 8, 30, 32, 35, 47]. Ascor-
bic acid is an important water-soluble antioxidant in the
retina [7, 31]. Recent epidemiological studies have shown
that a high intake of either ascorbic acid itself or a combi-
nation of ascorbic acid with B-carotene and vitamin E
reduced the risk of age-related macular degeneration
[15].

It has been shown in guinea pigs and baboons that the
retinal level of the reduced form of ascorbic acid is
reduced by mild photic damage [40, 49]. It has also been
shown in scorbutic guinea pigs and monkeys that photic
injury in the retina is enhanced by ascorbic acid deficien-
cy [41, 48]. High contents of docosahexaenoic acid (22:6
n-3; DHA), a polyunsaturated fatty acid, which is highly
susceptible to peroxidation, exist in retinal membrane
phospholipids of guinea pigs [ 18-20] as well as in those of
humans, rats, and cows [9]. Weisinger et al. [43-45] dem-
onstrated that several visual functions assessed using the
electroretinographic method were reduced in guinea pigs
with DHA deficiency and that the reduction of visual
functions in guinea pigs by DHA deficiency was recov-
ered after the repletion of DHA. This suggests that DHA
may play several functional and structural roles in the
retina. Organisciak et al. [25, 26] reported that ascorbic
acid supplementation protects the retinas of rats against
light damage with the preservation of the rod outer seg-
ment DHA. They suggested that this vitamin inhibited
oxidation of retinal membrane lipids during intense visi-
ble light possibly through its antioxidant action.

Oxidative stress is a state of imbalance between antiox-
idant defense systems and oxidative insult, which most
likely results from decreased levels of antioxidants or
increased ROS insult or both. Our recent report showed
that when 4-week-old guinea pigs are maintained on mar-
ginal ascorbic acid deficiency for 6 months, an increase in
lipid peroxidation and depletion of GSH and vitamin E
occurred in the retinas, resulting in the induction of oxi-
dative stress in the tissue [23]. Nakajima et al. [20]
showed that feeding a scorbutic diet to young guinea pigs
for 3 weeks did not increase lipid peroxide content but
rather tended to reduce that content in the choroid-retina.
However, it is still unclear whether short-term ascorbic
acid deficiency induces oxidative stress in the retina of
young guinea pigs.

Ascorbic Acid Deficiency and Retinal
Oxidative Stress

In the present study, therefore, we examined the
changes in retinal levels of antioxidants, i.e. ascorbic acid,
GSH, and vitamin E, and thiobarbituric acid-reactive
substances (TBARS), which is an index of lipid peroxida-
tion, in young male guinea pigs with 3 weeks of ascorbic
acid deficiency in order to clarify whether short-term
ascorbic acid deficiency induces oxidative stress in the
retina of young guinea pigs. The strain, age, and sex of
guinea pigs used in the present study and the duration of
ascorbic acid deficiency were the same as those described
in the report by Nakajima et al. [20].

Materials and Methods

Materials

a-Tocopherol (a-Toc) was used as the vitamin E standard in the
vitamin E assay and was purchased from Eisai Co. (Tokyo, Japan).
L-Ascorbic acid (reduced form), o,o’-dipyridyl, 5,5’-dithiobis(2-
nitrobenzoic acid) (Ellman’s reagent), dithiothreitol (DTT), N-ethyl-
maleimide (NEM), ethylenediaminetetraacetic acid (EDTA), tetra-
methoxypropane, 2-thiobarbituric acid (TBA), trichloroacetic acid
(TCA), and other chemicals were obtained from Wako Pure Chemi-
cal Ind. (Osaka, Japan). All chemicals used were of reagent grade and
were not further purified.

Induction of Ascorbic Acid Deficiency and Sample Collection

Three-week-old male Hartley guinea pigs (n = 20), which were
purchased from Japan SLC Co. (Hamamatsu, Japan), were housed in
individual cages in a ventilated animal room with controlled temper-
ature (23 £ 2°C) and relative humidity (55 = 15%) and using a
12-hour light/dark cycle (light: 7:00-19:00). Ascorbic acid deficiency
was induced in guinea pigs as follows: guinea pigs were initially fed a
standard diet of ORC4 (Oriental Yeast, Tokyo, Japan) ad libitum for
1 week to adjust the ascorbic acid status in the guinea pigs used
before starting the experiment of ascorbic acid deficiency. At this
time, the animals were randomly divided into the following two
groups. The ascorbic acid-adequate group (adequate group, n = 10)
was given Oriental scorbutic diet (Oriental Yeast) in a fixed amount
(20 g/animal/day) and L-ascorbic acid (400 mg/animal/day) in the
drinking water. The ascorbic acid-deficient group (deficient group,
n = 10) was given the same scorbutic diet (20 g/animal/day) and
water not containing ascorbic acid. The complete intake of adminis-
tered ascorbic acid in each animal in the adequate group was deter-
mined by checking the complete consumption of drinking water eve-
ry day. The composition of the Oriental scorbutic diet was as follows
(/100 g diet): corn starch 29.5 g, milk casein 20 g, alfalfa meal 10 g,
a-potato starch 10 g, cellulose powder 10 g, sucrose 10 g, soybean oil
6 g, AIN-76 mineral mixture 3.5 g, and AIN-76 vitamin mixture 1 g.
The composition of the AIN-76 mineral mixture was as follows (g/
100 g mixture adjusted with sucrose): CaHPO, 50 g, NaCl 7.4 g,
Ki;CsHO7-H,O 22 g, KySO4 5.2 g, MgO 2.4 g, MnO; 0.35 g,
F€C6H507 0.6 g, ZnCO3 0.16 £, CuC03Cu(OH)2-HZO 0.03 g,
Na»Se03-5 H,0 0.001 g, KIO; 0.001 g, and CrK(SOy);-12 H,O
0.55 g. The composition of the AIN-76 vitamin mixture was as fol-
lows (g/100 g mixture adjusted with sucrose): vitamin A acetate
40,000 IU, vitamin D3 10,000 IU, vitamin E acetate 500 mg, vitamin
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K5 0.5 mg, vitamin B;-HCl 60 mg, vitamin B, 60 mg, vitamin
B¢*HC1 70 mg, vitamin By, 0.1 g, D-biotin 2 mg, folic acid 20 mg,
pantothenic acid calcium salt 160 mg, nicotinic acid 300 mg, and
choline bitartrate 20 g. Animals in each group were weighed and then
humanely killed under ether anesthesia at 3 weeks after the beginning
the new diet. They were killed between 9:00 and 10:00 a.m. At the
time of the killing, blood was collected from the vena cava inferior.
Serum was obtained from the collected blood by centrifugation. Just
after being killed, both eyeballs were removed from the animals and
then each retina was carefully isolated from the removed eyeballs
under a stereoscope. In this isolation, as much choroid as possible
was excluded from the isolated retina. Whole retinal tissue was col-
lected from the isolated retina and weighed. The obtained serum and
whole retinal tissue were stored under nitrogen atmosphere at —80°C
until use. All animals received humane care in compliance with the
guidelines of the Animal Care and Use Committee at the Fujita
Health University.

Sample Preparation and Assays for Retinal and Serum

Components

Whole retinal tissue obtained from each animal was homoge-
nized in 9 vol of ice-cold 0.15 M KCI containing 1| mAM EDTA to
prepare 10% homogenate. This homogenate was used for the deter-
minations of ascorbic acid (total, reduced form, and oxidized form),
GSH, and TBARS. The determinations of total ascorbic acid (re-
duced form plus oxidized form), the reduced form of ascorbic acid,
and the oxidized form of ascorbic acid in serum and retina were done
according to the methods of Zannoi et al. [51] and Okamura [24] as
follows: for the determination of total ascorbic acid, 0.3 ml of serum
or 10% retina homogenate was incubated with 0.1 mlof 10 mAf DTT
at 37°C for 30 min to convert all ascorbic acid in an oxidized form in
the serum or homogenate to its reduced form and then the excess
DTT was removed with 0.1 ml of 0.5% NEM. An aliquot of the
supernatant obtained after deproteinization with 0.5 ml of ice-cold
10% TCA was used for the assay of the resultant reduced form of
ascorbic acid plus the original reduced form of ascorbic acid. For the
determination of the reduced form of ascorbic acid, 0.3 ml of serum
or 10% retina homogenate was mixed with 0.2 ml of a solution of
10 mM DTT-0.5% NEM. An aliquot of the supernatant obtained
after deproteinization with 0.5 ml of ice-cold 10% TCA was used for
the assay of the reduced form of ascorbic acid. The reduced form of
ascorbic acid in each sample was measured using the a,a’-dipridyl
method. The concentration of the reduced form of ascorbic acid was
determined using the standard curve of authentic L-ascorbic acid in a
reduced form. The concentration of the oxidized form of ascorbic
acid in serum or retina was estimated from the difference between
the concentrations of total ascorbic acid and the reduced form of
ascorbic acid determined. GSH in serum and retina was measured
using the method of Sedlak and Lindsay [33] with Ellman’s reagent.
TBARS in serum was measured using a commercial kit of Lipoperox-
ide Test Wako (Wako Pure Chemical Ind.) that was based on the
TBA method of Yagi [50]. TBARS in retina was measured using the
TBA method of Ohkawa et al. [22] except that | mAM EDTA was
added to the reaction medium. Tetramethoxypropane was used as an
external standard in both TBARS assays. The amount of TBARS is
expressed as that of malondialdehyde (MDA) equivalents. Vitamin E
in serum and retina was measured using the method of Abe et al. [1]
using high-performance liquid chromatography with f{luorescence
detection. The amount of vitamin E is expressed as that of a-Toc.
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Table 1. Effect of ascorbic acid deficiency on body weight and retina
weight in guinea pigs

Ascorbic
acid-deficient
group (n = 10)

Ascorbic
acid-adequate
group (n = 10)

360+22
64.8£6.5

324+24*
59.6+15.1

Body weight, g
Retina weight, mg

Data are represented as means = SD. The number of animals is
shown in parentheses. * p < 0.05 significantly different from the
ascorbic acid-adequate group.

Statistical Analysis

All results obtained are expressed as mean + SD. The statistical
analyses of the results were performed using a computerized statisti-
cal package (StatView), Each mean value was compared using one-
way analysis of variance. Values of significance were set at p < 0.03.

Results

The body weight of young guinea pigs given a scorbutic
diet at a fixed dose level for 3 weeks was significantly less
than that of control guinea pigs with adequate ascorbic
acid, while there was no difference in the weight of the
retina between the two groups (table 1).

The serum concentrations of total ascorbic acid, the
reduced form of ascorbic acid, the oxidized form of ascor-
bic acid, GSH, and vitamin E, and TBARS in young guin-
ea pigs with and without 3 weeks of ascorbic acid deficien-
cy are shown in table 2. The serum concentrations of total
ascorbic acid, the reduced form of ascorbic acid, and the
oxidized form of ascorbic acid in the deficient group were
significantly lower than those in the adequate group. The
total ascorbic acid, the reduced form of ascorbic acid, and
the oxidized form of ascorbic acid in the serum of the defi-
cient group were 11.8, 14.1 and 4.1%, respectively, of
those in the serum of the adequate group. Mean serum
GSH and TBARS concentrations in the deficient group
were not significantly different from those in the adequate
group. Mean serum vitamin E concentration in the defi-
cient group was significantly higher than that in the ade-
quate group; the deficient group had a 2.4-fold higher
mean serum vitamin E concentration than the adequate
group.

The retinal contents of total ascorbic acid, the reduced
form of ascorbic acid, the oxidized form of ascorbic acid,
GSH, and vitamin E, and TBARS in young guinea pigs
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Table 2. Effect of ascorbic acid deficiency on serum concentrations
of total ascorbic acid, the reduced form of ascorbic acid, the oxidized
form of ascorbic acid, GSH, vitamin E, and TBARS in guinea pigs

Table 3. Effect of ascorbic acid deficiency on retinal contents of total
ascorbic acid, the reduced form of ascorbic acid, the oxidized form of
ascorbic acid, GSH, vitamin E, and TBARS in guinea pigs

Ascorbic
acid-deficient
group (n = 10)

Ascorbic
acid-adequate
group (n = 10)

Ascorbic
acid-deficient
group (n = 10)

Ascorbic
acid-adequate
group (n = 10)

Total ascorbic acid, nmol/ml 99.6+144 11.8+1.9*
Reduced form of ascorbic acid

nmol/ml 775129 10.9+1.9%
Oxidized form of ascorbic acid

nmol/ml 22.1%£6.5 0.9x£0.5*%
GSH, nmol/ml 21.9+2.6 22,125
Vitamin E, pg o-Toc/ml 1.63£0.61 3.83+0.46*
TBARS, nmol MDA/ml 5.9+0.7 6.8+£0.8

Total ascorbic acid, pmol/g 2.77£0.12 0.27+£0.05*
Reduced form of ascorbic acid

umol/g 2.33£0.08 0.15+0.03*
Oxidized form of ascorbic acid

umol/g 0.44£0.12 0.12+0.03*
GSH, pmol/g 1.27+0.31 0.89+0.08*
Vitamin E, pg a-Toc/g 7.75£0.76 5.38+£0.88*
TBARS, nmol MDA/g 2.13+£0.31 4.01+0.61*

Data are represented as means £ SD. The number of animals is
shown in parentheses. * p < 0.05 significantly different from the
ascorbic acid-adequate group.

Data are represented as means = SD. The number of animals is
shown in parentheses. * p < 0.05 significantly different from the
ascorbic acid-adequate group.

with and without 3 weeks of ascorbic acid deficiency are
shown in table 3. The retinal contents of total ascorbic
acid, the reduced form of ascorbic acid, and the oxidized
form of ascorbic acid in the deficient group were signifi-
cantly lower than those in the adequate group. The retinal
contents of total ascorbic acid, the reduced form of ascor-
bic acid, and the oxidized form of ascorbic acid in the
deficient group were 9.7, 6.4 and 27.3%, respectively, of
those in the adequate group. Retinal GSH and vitamin E
contents in the deficient group were significantly lower
than those in the adequate group. The retinas of the defi-
cient group had 70.1% of GSH content and 69.4% of vita-
min E content compared to the retinas of the adequate
group. Retinal TBARS content in the deficient group was
significantly higher than that in the adequate group. The
deficient group had a 1.9-fold higher retinal TBARS con-
tent than the adequate group.

Discussion

It i1s known that a decrease in body weight gain occurs
in guinea pigs with scurvy [19, 42]. In the present study,
when 4-week-old guinea pigs were given a scorbutic diet at
a fixed dose level (20 g/day/animal) for 3 weeks, the ascor-
bic acid-deficient guinea pigs had a lower body weight
than the control guinea pigs with an adequate ascorbic
acid intake. Accordingly, guinea pigs given a scorbutic

Ascorbic Acid Deficiency and Retinal
Oxidative Stress

diet at a fixed dose level for 3 weeks seem to have scurvy.
However, there was no difference in the weight of the reti-
na between the ascorbic acid-deficient and ascorbic acid-
adequate guinea pigs. The ascorbic acid-deficient guinea
pigs showed dramatic decreases in the serum concentra-
tions of total ascorbic acid, the reduced form of ascorbic
acid, and the oxidized form of ascorbic acid. Thus, 3
weeks of ascorbic acid deficiency caused a severe systemic
ascorbic acid deficiency in young guinea pigs.

Ascorbic acid exerts an antioxidant action by scaveng-
ing ROS and by interacting with GSH or vitamin E [2, 3,
8, 30, 32, 35, 47], and this vitamin is an important antiox-
idant in the retina [7, 31]. We reported that when 4-week-
old guinea pigs were given a scorbutic diet at a fixed dose
level (20 g/day/animal) with marginal ascorbic acid in
drinking water for 6 months, oxidative stress due to
increased lipid peroxidation and depleted GSH and vita-
min E occurred in the retina with approximately 50%
ascorbic acid depletion [23]. In the present study, the reti-
nal contents of total ascorbic acid and the reduced form of
ascorbic acid in young guinea pigs given a scorbutic diet at
a dose level of 20 g/day/animal for 3 weeks were less than
10% of those in the control guinea pigs with adequate
ascorbic acid intake. However, the retinal content of the
oxidized form of ascorbic acid in the ascorbic acid-defi-
cient guinea pigs was approximately 30% of that in the
ascorbic acid-adequate guinea pigs. Thus, 3 weeks of
ascorbic acid deficiency caused a severe ascorbic acid
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deficiency in the retinas of young guinea pigs. These find-
ings suggest the possibility that short-term deficiency of
ascorbic acid induces oxidative stress in the retinas of
young guinea pigs.

Nakajima et al. [20] reported that the content of lipid
peroxide (determined by the TBA method) in the choroid
retinas of young guinea pigs given a scorbutic diet for 3
weeks tended to be lower than that of the control guinea
pigs given the same amount of control diet composed of
the scorbutic diet and ascorbic acid (150 mg/kg) for the
same period. In the present study, when young guinea pigs
were given a scorbutic diet at a fixed dose level (20 g/day/
animal) for 3 weeks, the retinal content of TBARS, an
index of lipid peroxidation, was approximately 2-fold
higher than that of the control guinea pigs with adequate
ascorbic acid intake. The results suggest that the antioxi-
dant defense system was disrupted in the retinas of young
guinea pigs with short-term ascorbic acid deficiency,
resulting in an induction of oxidative stress in the tissue.
In addition, the present results and the results shown by
Nakajima et al. [20] may allow us to assume that, in young
guinea pigs with short-term ascorbic acid deficiency, the
antioxidant defense system is disrupted in the retina,
while the antioxidant defense system is rather strength-
ened in the choroid.

GSH exerts an antioxidant action by working as a
cosubstrate for GSH peroxidase, an enzyme to decom-
pose hydroperoxides, and by scavenging ROS in a nonen-
zymatic manner [28]. GSH is present in high concentra-
tions (millimolar order) in the retinas of guinea pigs [16,
23]. The retinal concentration of GSH in guinea pigs is
similar to that in rats [46] and bovines [34]. Winkler et al.
[47] showed that the conversion of the oxidized form of
ascorbic acid to its reduced form by GSH occurs nonenzy-
matically in the cytosolic supernatant of rat retinas and
that the level of the reduced form of ascorbic acid in cul-
tured human retinal pigment epithelial cells exposed to
oxidative stress is restored by the redox coupling between
GSH and the oxidized form of ascorbic acid in a nonenzy-
matic manner. Keys and Zimmerman [17] reported that
GSH exerted an antioxidant action in bovine photorecep-
tor cell membranes in vitro. The retinal Miiller cell of
guinea pigs is capable of GSH synthesis, a process that is
critically dependent on the availability of extracellular
glutamate and cystine [29]. Huster et al. [14] showed that
oxidative stress induced by ischemia-reperfusion dis-
rupted GSH synthesis in the retinal Miiller cell of guinea
pigs. In the present study, retinal GSH content in young
guinea pigs given a scorbutic diet at a fixed dose level for 3
weeks was approximately 70% of that in control guinea
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pigs with adequate ascorbic acid intake. The GSH con-
sumption may disrupt the retinal antioxidant defense sys-
tem in the ascorbic acid-deficient guinea pigs. Thus, GSH
consumption was found to occur in the retinas of young
guinea pigs with short-term ascorbic acid deficiency. The
lowered retinal GSH found in young guinea pigs given a
scorbutic diet at a fixed dose level for 3 weeks may result
from the increased GSH consumption, decreased GSH
synthesis or both in the retina. There is also a possibility
that GSH may directly react with ROS in the ascorbic
acid-deficient retinas of young guinea pigs given a scor-
butic diet for 3 weeks, leading to retinal GSH consump-
tion.

Ascorbic acid functions as an antioxidant not only
through its direct action to scavenge ROS in the aqueous
phase of cells but also through its indirect action to regen-
erate an antioxidant form of vitamin E from its radical
form in the hydrophobic membrane phase of cells [2, 3, 8,
30, 32, 35, 47]. Vitamin E exists in the retina of humans
[10,21], monkeys [6], and guinea pigs [20] as well as in the
retina of rats, rabbits, and cats [36]. Stoyanovsky et al.
[37] showed that endogenous ascorbic acid, but not en-
dogenous GSH, regenerates an antioxidant form of vita-
min E in the homogenate and rod outer segment of rat
retinas. In the present study, the retinal content of vita-
min E in young guinea pigs given a scorbutic dict at a
fixed dose level for 3 weeks was approximately 70% of
that of the control guinea pigs with adequate ascorbic acid
intake. Thus, 3 weeks of ascorbic acid deficiency caused
an apparent reduction in vitamin E content in the retinas
of young guinea pigs. This result indicates that vitamin E
consumption occurs in the retinas of young guinea pigs
with short-term ascorbic acid deficiency, which may lead
to disruption of the antioxidant defense system in the tis-
sue. The lowered retinal vitamin E found in the young
guinea pigs with 3 weeks of ascorbic acid deficiency could
be a result of the lack of ascorbic acid to generate vitamin
E from oxidized vitamin E. Retinal membrane phospho-
lipids of guinea pigs have a high content of DHA, a poly-
unsaturated fatty acid, which is highly susceptible to
peroxidation [43-45]. Terrasa et al. [38] report that vita-
min E may act as an antioxidant in protecting rod outer
segment membranes from deleterious effects using a se-
lective mechanism that diminishes the loss of DHA from
phosphatidylserine. Accordingly, the possibility can be
assumed that an enhanced peroxidation of DHA occurs in
the retinas of young pigs with short-term ascorbic acid
deficiency.

In the present study, the changes in serum TBARS,
GSH, and vitamin E concentrations in young guinea pigs
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given a scorbutic diet at a fixed dose level (20 g/day/ani-
mal) for 3 weeks were further examined in order to clarify
whether the changes described above in the retinal
TBARS, GSH, and vitamin E contents in young guinea
pigs with short-term ascorbic acid deficiency were associ-
ated with systemic changes in TBARS, GSH, and vitamin
E concentrations. The guinea pigs with 3 weeks of ascor-
bic acid deficiency showed no changes in serum TBARS
or GSH concentration. These results indicate that, in
young guinea pigs with short-term ascorbic acid deficien-
¢y, an increase in retinal TBARS content and a decrease
in retinal GSH content occurred without systemic
changes in TBARS or GSH concentration. On the other
hand, an apparent increase in serum vitamin E concentra-
tion occurred in young guinea pigs given a scorbutic diet
at a fixed dose level for 3 weeks. However, the possibility
seems to be unlikely that the changes in the retinal
TBARS, GSH, and vitamin E contents found in young
guinea pigs given a scorbutic diet for 3 weeks were associ-
ated with the systemic increase in vitamin E concentra-
tion, because the ascorbic acid-deficient guinea pigs had
an increased retinal TBARS content and decreased retinal
GSH and vitamin E contents despite an increase in vita-
min E concentration in the serum. Accordingly, it can be
thought that short-term ascorbic acid deficiency induced
oxidative stress in the retinas of young guinea pigs with-
out disrupting systemic antioxidant status.

Recently, Lykkesfeldt [18] reported that when young
male guinea pigs (2 months old) were fed a diet containing
low ascorbic acid (36 mg/kg) or normal ascorbic acid
(1,036 mg/kg) ad libitum for 30-36 days, plasma ascorbic
acid concentrations in the ascorbic acid-deficient and as-
corbic acid-adequate guinea pigs were 0.3 and 123.4 pM
(mean values), respectively. However, the plasma concen-
tration of MDA, an index of lipid peroxidation, in the
deficient guinea pigs was 4.4-fold higher than that in the
adequate guinea pigs, although there was no significant
difference in plasma o-Toc concentration between the
groups. Furthermore, the same author showed that in
mature male guinea pigs (9 months old) that were fed a
diet containing low ascorbic acid (36 mg/kg) or normal
ascorbic acid (1,036 mg/kg) ad libitum for 30-36 days,
plasma ascorbic acid concentrations in the ascorbic acid-
deficient and ascorbic acid-adequate guinea pigs were 1.2
and 75.0 pM (mean values), respectively. In addition, the
plasma MDA concentration in the deficient guinea pigs
was 1.65-fold higher than that in the adequate guinea pigs,
although there was no significant difference in plasma o-
Toc concentration between the groups [46]. Hill et al. [13]
report that when weanling male guinea pigs were fed a

Ascorbic Acid Deficiency and Retinal
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scorbutic diet containing vitamin E acetate (200 mg/kg) or
a normal diet containing ascorbic acid (842 mg/kg) and
vitamin E acetate (200 mg/kg) ad libitum for 16 days,
plasma ascorbic acid concentrations in the ascorbic acid-
deficient and ascorbic acid-adequate guinea pigs were 0
and 59 umol/l (mean values), respectively, while plasma
a-Toc concentrations in the deficient and adequate guin-
ea pigs were 1.7 and 2.5 umol/l (mean values), respective-
ly, although there was no significant difference in that
concentration between the groups. In the present study,
young male guinea pigs (4 weeks old) were fed the scorbut-
ic diet containing vitamin E acetate (50 mg/kg) at a fixed
dose level (20 g/day/animal) with and without adequate
ascorbic acid (400 mg/day/animal) in drinking water for 3
weeks. Thus, plasma or serum vitamin E and lipid perox-
ide concentrations of guinea pigs under short-term ascor-
bic acid deficiency were affected by the differences in
diet, age, feeding and duration. Therefore, it seems likely
that the disruption of systemic antioxidant status in guin-
ea pigs with short-term ascorbic acid deficiency contrib-
utes to the induction of oxidative stress in the retinas
under experimental conditions which are different from
the experimental conditions used in the present study.

An increase in serum cholesterol concentration has
been reported in guinea pigs with acute ascorbic acid defi-
ciency [5, 11]. The vitamin E status under physiological
and pathological conditions has been assessed using the
ratio of the level of serum vitamin E, which is concen-
trated in lipoproteins, to the level of serum lipids, espe-
cially cholesterol [27, 39]. We observed that the serum of
young guinea pigs given a scorbutic diet at a fixed dose for
3 weeks contains 1.6-fold higher total cholesterol than
that of the control guinea pigs with adequate ascorbic acid
intake (unpubl. data). Therefore, the increase in serum
vitamin E concentration found in the young guinea pigs
with 3 weeks of ascorbic acid deficiency may be due to the
systemic changes in lipid metabolism.

In conclusion, the results obtained in the present study
indicate that short-term ascorbic acid deficiency induced
oxidative stress in the retinas of young guinea pigs with-
out disrupting the systemic antioxidant status. However,
the exact mechanism by which oxidative stress was in-
duced in the retina of young guinea pigs with short-term
ascorbic acid deficiency is unknown at present. Therefore,
further investigation is needed to clarify this.
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