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Effects of the combination of vitamin E, selenium, and 8-carotene on oxidative damage to rat heart,
kidney, lung, and spleen were studied by measurement of the production of oxidized heme proteins
(OHP) during spontaneous and prooxidant-induced oxidation. Male SD rats were fed with a vitamin
E and selenium deficient diet or a diet supplemented with vitamin E, selenium, and §-carotene. Homo-
genates of heart, kidney, lung, and spleen were incubated at 37°C with and without the presence of
bromotrichloromethane (CBrCl;). The diet supplemented with antioxidants showed a strong protective
effect against oxidative damage to heme proteins during the early stages of both spontaneous and
CBrCly-induced oxidation in contrast to the antioxidant deficient diet. Synergism of multiple anti-
oxygenic nutrients against oxidative damage to various animal tissues is discussed.
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INTRODUCTION

Protection by antioxygenic nutrients against oxidative stress in animal tissues has
been definitively established in the last decade'”. Dietary supplementation with
multiple antioxygenic nutrients is now being investigated'’. Studies have indicated
that the combination of antioxidants provides stronger protection than individual
antioxidants''~'*, For instance, combining a retinoid and selenium is more effective
than either alone in inhibiting chemically induced pancreatic cancer in rats®.

Oxidative damage of heme proteins involves a redox reaction of the heme group
with a one or two electron(s) transfer and the denaturation of the globin structure,
The oxidized heme proteins (OHP) can be determined with spectrophotometry !¢,
A computer aided heme protein spectra analysis program (HPSAP) has been
recently employed to quantitatively determine the composition of heme proteins in
liver tissues®’. Quantitation is achieved by matching the calculated spectrum with
the experimental spectrum through successive approximations-?',

The protective effect of vitamin E, selenium, and §-carotene against oxidative
damage to liver tissues has been recently studied by measuring the production of
OHP?. A diet supplemented with vitamin E, selenium, and S-carotene showed a
significant decrease in OHP compared to the supplement of any individual anti-

*To whom the correspondence should be addressed.
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oxygenic nutrients, The combination of vitamin E, selenium, and p-carotene is
especially effective in preventing oxidative damage in the early stages of oxidation,
indicating that synergism may play an important role in both chain-breaking and
prevention of oxidation.

In this study we investigated the protective effect of a combination of vitamin
E, selenium, and B-carotene against oxidative assaults to heart, kidney, lung and
spleen. Rats were fed with a vitamin E and selenium deficient diet and a diet sup-
plemented with vitamin E, selenium, and B-carotene for six weeks. The homo-
genates of heart, kidney, lung, or spleen were incubated at 37°C with and without
the presence of CBrCl,. The absorbance spectra of the homogenate were analyzed
with the HPSAP, and the concentrations of OHP were determined. Synergism of
multiple antioxygenic nutrients in the protection of tissues against oxidative stress
is discussed.

MATERIALS AND METHODS

Chemicals

The chemicals used in this study were tocopherol acid succinate (1210 1.U./gram),
trans-B-carotene (95%), dimethyl sulfoxide (Sigma Chemical, St. Louis, MO);
sodium selenite (Alfa Inorganics, Beverly, MA); bromotrichloromethane (CBrCl,)
(Eastman Kodak Co., Rochester, NY).

Animals and Diets

Male Sprague-Dawley rats (Bantin & Kingman, Fremont, CA) weighing 40-60 g
were adapted to their surroundings for 2 days before being fed with experimental
diets. The basal diet was vitamin E, selenium, and S-carotene deficient with 10%
tocopherol stripped corn oil (Teklad Test Diet #TD 77068, mineral mix #170911,
Teklad Test Diets, Madison, WI). Vitamin E as (+ )-a-tocopherol (301.U./kg),
selenium as sodium selenite (0.3 mg/kg), and trans-8-carotene (45 mg/kg) were
added to the basal diet. Animals were housed according to NIH guidelines and had
free access to deionized water and food. Dietary treatment had no effect on weight
gain of the animals. The rats were on the experimental diets and distilled water for
six weeks. The concentration of vitamin E in liver was determined and used as an
indicator of vitamin E uptake by other tissues such as kidney, heart, lung or spleen.
The analysis was conducted at Vitamin and Mineral Laboratory at University of
California-Davis using the methods of Bieri ef al.2 and Driskell et al.?* The con-
centrations of vitamin E in livers from rats fed basal diet and diet supplemented
with antioxidants were < 100 ug/dl and 169 + 15 ug/dl, respectively. The activity
of selenium glutathione peroxidase was determined in a similar diet experiment '°.

Preparation of Tissue Homogenates

The rats were decapitated and heart, kidney, lung, and spleen were immediately
dissected and immersed in ice-cold Krebs-Ringer phosphate (KRP) buffer (pH 7.4)
to wash away some of the blood. Organs were dried with filter papers and stored
at —22°C. Frozen organs were cut into 0.5c¢m?® cubes by a sharp surgical knife
and homogenates were prepared by homogenizing 1g of tissue with 9ml of
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oxygenated KRP buffer containing glucose (10 mmol, pH 7.4). A motor driven
tissue homogenizer was used.

Oxidative Reactions in Tissue Homogenates

Tissue homogenates (1.5 ml) were transferred to a 10 mi glass serum bottle and
covered with a layer of parafilm. The homogenates were incubated in a gyrotory
water bath shaker (New Brunswick Scientific Co., Inc., New Brunswick, NJ) at
37°C with continuous shaking (180 cycle/min). CBrCl, was dissolved in dimethyl-
sulfoxide and added to the serum bottles immediately before the incubation.

Spectrophotometric Measurement of Tissue Homogenates

After incubation the absorbance spectra of tissue homogenates were obtained with
a Beckman DU-50 spectrophotometer (Beckman Instruments, Inc., Fullerton, CA).
Tissue homogenates (0.6 ml) were transferred to a micro-cuvette with a light path
of 10mm and mixed with 0.6 ml glycerol. Four layers of parafilm representing
turbidity were used as background to subtract some of the absorbance by turbidity
inherent in tissue homogenates. The sample was scanned from 500 nm to 640 nm,
and absorbance versus wavelength at S nm intervals was automatically recorded by
a scan program in the spectrophotometer.

Analysis of Absorbance Spectra of Heme Proteins of Tissue Homogenates
with HPSAP

HPSAP is a spreadsheet program written with Lotus 123 (Lotus Development
Corp., Cambridge, MA) that contains the micromolar absorbance from 500 to
640 nm of the visible spectra of individual heme proteins. To determine the concen-
trations of individual heme proteins in a mixture, the experimental visible absor-
bance versus wavelength at 5 nm intervals from 500 nm to 640 nm was entered into
cells in the spreadsheet. To match the experimental spectrum a calculated spectrum
is generated. When the best match was achieved, the concentrations of individual
heme proteins in the mixture were determined. The detailed information regarding
the development of HPSAP, its application, as well as the operation of HPSAP
are provided in previous studies?*?',

Statistical Analysis

The statistical package SAS (SAS Institute Inc., Cary, NC) was used to analyze all
data. Results were expressed as means - standard deviation. Data were analyzed
using ANOVA. When significant F values were obtained, the method of least square
means was used to determine significant differences (P < 0.05) between treatment
means.

RESULTS
Figure 1 and Table 1 show the application of absorbance spectral measurement and

HPSAP to study heme protein oxidation. Oxidative reactions of heme proteins in
homogenates of heart, kidney, lung, or spleen caused spectral changes (Figure 1).
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FIGURE 1 Spectral changes of heme proteins in tissue homogenates of heart, kidney, lung, or spleen
during spontaneous oxidation (37°C): 0 min; 20 min; and 60 min. ...... experimental spectrum,
calculated spectrum with HPSAP.

TABLE 1
Production of oxidized heme proteins during spontaneous oxidation measured with HPSAP'

Oxidized Heme Protein (Molar%)

Time (min) Kidney Heart Lung Spleen
0 0.0 0.0 0.0 0.0

20 246 + 3.1 24.4 &+ 3.7 2213 25.6 + 3.3
60 55.4 + 10.8 63.1 + 9.3 64.8 + 8.2 58.8 = 5.1

'All organs were from rats fed with basal diet for six weeks and the homogenates were incubated at
37°C.

With HPSAP the change in the absorbance spectra can be quantitatively determined
(Table 1). The accuracy of the determination is reflected by the fitting between the
experimental and calculated spectrum. In general, the calculated spectrum using
HPSAP showed good agreement with the experimental spectrum?-2!,
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Figure 2 presents the production of OHP in homogenates of kidney, heart, lung,
or spleen during incubation with and without the presence of prooxidant and the
protection by antioxygenic nutrients against oxidative assaults. In the absence of
CBrCl,, incubation of tissues for 20 minutes caused approximately 20-25% oxida-
tive conversion of heme proteins. As the incubation time increased, the concentra-
tion of OHP increased rapidly. After 2h of incubation 65-90% of heme proteins
were oxidatively converted. Except for the incubation of 20 min, adding CBrCl,
only showed a little effect on the production of OHP.

The combination of vitamin E, selenium, and S-carotene provides protection
against oxidative damage in all organs. In addition, protection is more effective in
the early stages of oxidation (20 and 40 min) than in the late stages (I and 2 h).
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FIGURE 2 Production of oxidized heme proteins during the spontaneous and CBrCl;-induced
(0.1 mM) oxidation in heart, kidney, lung, or spleen homogenates. [J basal diet without CBrCl;, N
basal diet supplemented with vitamin E, selenium and g-carotene without CBrCl;, B basal diet with
CBrCl;, basal diet supplemented with vitamin E, selenium and B-carotene with CBrCl;. Samples
were incubated at 37°C and values are expressed as mean + SD for 4 rats. The mean values marked
with * were significantly smaller than the mean of respective basal diet group at a 95% confident level.
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DISCUSSION

Heme proteins are highly susceptible to oxidative stress and are readily converted
to their oxidized forms'®'®. OHP can be a useful index of oxidative damage in
animal tissues®. However, under conditions close to physiological, such as tissue
homogenates, the quantitative measurement of oxidized heme proteins is quite dif-
ficult due to the turbidity caused by biological tissues. In addition, spectra obtained
from tissue homogenate are usually complex due to the presence of both reduced
and oxidized heme proteins. The HPSAP analysis is a part of the solution for these
problems. As shown in Figure 1 and Table 1, the concentration of oxidized heme
proteins in a mixture can be determined using HPSAP. The merits and strengths
of HPSAP in the quantitation of heme proteins in biological samples have been
discussed ',

The combination of vitamin E, selenium, and 8-carotene showed a protective
effect on heart, kidney, lung, and spleen against oxidation of heme proteins. The
most significant feature of the synergism of vitamin E, selenium, and §-carotene
is its effectiveness in the inhibition of early stages of oxidation. In lung tissue, for
instance, antioxygenic nutrients reduced production of oxidized heme proteins by
more than 50% during the early periods of spontaneous oxidation (20 and 40 min).

Except for the short period of incubation (20 min), adding CBrCl, did not pro-
mote increase of OHP compared to the that produced during spontaneous
oxidation. There are two possible explanations for this observation. First, the con-
centration of CBrCl, is relatively low (0.1 mM) so the damage caused by CBrCl,
is very small. Secondly, the deleterious effect of CBrCl, comes from its activation
by microsomal oxidase systems. For instance, in the liver tissues, CBrCl; is acti-
vated by cytochrome P-450 systems. In kidney, heart, lung and spleen tissues, such
enzyme systems are not as active as those in liver, so the effect of CBrCl; on heme
protein oxidation is limited.

Vitamin E is particularly effective in trapping free radicals thus inhibiting chain
reactions and selenium-glutathione peroxidase is essential in the conversion of
hydroperoxides to stable non-radical products®**’*%, Beta-carotene effectively
scavenges singlet oxygen and other reactive oxygenic species®®. Vitamin E and 8-
carotene are primary antioxidants in cellular membranes while GSH peroxidase is
a cytosolic antioxidant in the aqueous phase''. Since oxidative damage of proteins
is usually accompanied with other oxidative processes such as lipid peroxida-
tion®, various reactive oxygenic species generated from these processes could
have a great impact on heme protein oxidation. Even though the oxidation of heme
proteins occurs mainly in the aqueous phase, reactive oxygenic species generated
from membranes are also likely to attack heme proteins. The combination of
vitamin E, selenium and B-carotene would be capable of interacting with various

- types of free radicals in both cellular membranes and aqueous phase of tissue. As

aresult, the synergism of both aqueous and membranous antioxidants may enhance
the protection against oxidative damage to heme proteins over that of individual
antioxidants.

In this study the synergistic interaction among vitamin E, selenium, and 8-
carotene showed a significant inhibitory effect against the spontaneous and
prooxidant-induced oxidation of heme proteins in heart, kidney, lung, and spleen
tissues. The protection is more effective during the early stage of the oxidative
reaction.
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