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ABSTRACT

Twelve (12) healthy elderly subjects were divided into two groups: (a) those given an anti-
oxidant/NO-modulating fermented papaya preparation (FPP) 9 g/day for 4 weeks, and (b) a
placebo group. No protein/lipid distribution in erythrocytes (RBC) membranes was noted
among different ages and treatments. Higher RBC concentration of malondialdehyde and ni-
tric oxide synthase were found in the elderly (p � 0.05 versus “young” controls), whereas su-
peroxide dismutase was unaltered. Such abnormalities were prevented by FPP supplementa-
tion (p � 0.01). RBC and RBC ghosts showed an enhanced susceptibility to lipid peroxidation
by using cumene hydroperoxide (p � 0.01 versus young) but FPP supplementation signifi-
cantly protected intact RBC (p � 0.05). These preliminary data suggest that nutraceuticals with
antioxidant/NO-regulating properties significantly protect from RBC oxidative damage, and
are potential weapons for the aging process and chronic and degenerative diseases.
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INTRODUCTION

ERYTHROCYTES AND ERYTHROCYTE MEMBRANES

are a feasible biological system to study in
aging-related investigations, because unsatu-
rated lipids in the cell membrane, amino acids,
and DNA nucleotides represent specific target
for free radical damage.1,2 Moreover, recent
studies point out the role of oxidative damage
to biomembranes in a number of chronic in-
flammatory and degenerative diseases. Indeed,
despite the fact that no overt changes of mem-
brane components have been reported in ery-
throcytes (RBC) with advancing age,3 perox-
initrite anion–related damages to platelets and
RBC have been implicated in age-related neu-

rodegenerative disease. Although there are still
some conflicting results,4 it appears that ery-
throcytes from elderly individuals and aging
animals are highly susceptible to oxidative
stress.5–7 Although these derangements may
represent an epiphenomenon of more complex
epigenetic abnormalities, a tentative therapeu-
tic intervention on the expected higher RBC
vulnerability to oxidative stress might be of in-
terest. Thus, given that susceptibility of ery-
throcytes to oxidative damage is altered dur-
ing the aging process, the authors’ aim was to
assess whether this phenomenon could be ben-
eficially influenced by a specific nutritional
supply. Thus, a functional food which has been
shown in controlled experimental and clinical
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studies to possess potent antioxidant/NO-
modulating properties was used.8–10 In partic-
ular, the authors have recently shown in alco-
holic liver disease patients that this compound
could significantly improve blood hemorrheol-
ogy as a whole and RBC membrane fluidity.11

Moreover, preliminary data from Rachmile-
witz and Fibach seem to suggest that such nu-
traceutical could decrease the intracellular con-
tent of reactive oxygen species (ROS) and
concomitantly increase the glutathione levels in
RBC of patients with thalassemia intermedia.12

Cumene hydroperoxide (CumOOH) was used
as an oxidative stress test of erythrocyte from
aged people. Its lipophilicity makes it a feasi-
ble trigger of peroxidative cleavage of mem-
brane lipids and proteins alterations in eryth-
rocytes.13

MATERIALS AND METHODS

Subjects

The authors’ study group consisted of 12 non-
smoking healthy elderly patients (mean age: 68,
range 62–75). Major invalidating diseases, such
as prior or ongoing cancer, dyslipidemia, chronic
illness requiring steroids or immunosuppressive
agents, allopurinol treatment, chronic renal fail-
ure and cardiorespiratory diseases, were re-
garded as exclusion criteria. Subjects were ran-
domly divided in two groups matched for age
and dietary habits, which were allocated to a 4-
week treatment period. One group was given a
GMP-, ISO9001/14000- certified fermented pa-
paya preparation (FPP, Osato Research Institute,

Gifu, Japan) 9 g/day by mouth in the morning,
1 hour after breakfast and fasting for further 30
minutes afterward, whereas the control group
received the same amount of placebo (flavored
sugar devoid of any antioxidant property). As an
age-control group, a group of 8 young (mean age:
31, range 22–34) healthy subjects were consid-
ered as well. All subjects had normal routine
blood chemistry and were instructed not to take
aspirin or NSAIDs for at least 3 weeks before
blood sampling. 

Blood antioxidant status

The following parameters were measured:
plasma lipid hydroperoxides by hemoglobin
catalyzed oxidation of 10-N- methylcarmoyl-
3,7-dimethylamino-10-H-phenothiazione after
treatment with phospholipase D. Plasma con-
tent of á-tocopherol was measured by high-per-
formance liquid chromatography (HPLC).

Fractionation of erythrocytes by age

Fasting blood samples obtained from subjects
in the morning were centrifuged at 1000 g for
10 min and put into heparinized tubes. Eryth-
rocytes were separated from plasma and buffy
coat and washed three times with 10 vol of
phosphate-buffered saline (PBS, pH 7.4) to ob-
tain erythrocyte sediments. Erythrocytes were
then fractionated by Percoll discontinuous den-
sity gradient/centrifugation and age-stratified
by determining their MCV and glycohemoglo-
bin. A two-layer gradient was obtained with
specific density values between 1.100 and 1.124
g/mL. At the end of centrifugation, the cells
were recovered at the interface of the Percoll
�1.124 g/mL corresponding to the young cells
rich in reticulocytes.

Preparation of erythrocytes and their membranes

After removal of the buffy coat the erythro-
cyte sediment was washed three times with
phosphate buffered solution. White erythro-
cyte membranes were prepared by hypotonic
hemolysis using standard procedures with Tris
buffer (pH 7.4) containing 0.1 mM phenyl-
methylsulfonylfluoride and 0.01% butylated
hydroxytoluene and membranes were finally
suspended in isoosmotic Tris-HCl.
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FIG. 1. Effect of CumOOH oxidative stress test on RBC-
MDA in intact RBC and RBC membranes: effect of FPP.
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Oxidative challenge test

Intact erythrocyte suspension in PBS or
membrane (2 mg protein/mL) in 5 mM sodium
phosphate, pH 7.4 was used for lipid peroxi-
dation stress test induced by addition of Cu-
mOOH (final concentration, 0.2 mM). After 60
min, cell suspensions for intact erythrocytes
were centrifuged at 7000 g for 1 min to sedi-
ment the erythrocytes. The pellet was washed
with PBS and white membranes were pre-
pared. The membrane pellets were washed
twice with 15 vol of 10 mM Tris buffer (pH 7.4).
The pellets were resuspended in 1.0 mL with
same buffer. All membrane suspensions were
used for protein analysis. Parameters tested
were: MDA by HPLC with acetonitrile/30 nM
TRIS buffer, pH 7.4 as the eluent, and SOD ac-
tivity by measuring the nitroblue tetrazolium
reduction by O2 generated by the xanthine/
xanthine-oxidase system.

Erythrocyte lipid and protein analysis

Total lipid extraction was performed in or-
der to determine phospholipids and cholesterol
and their composition by densitometric analy-
sis. RBC ghost protein also was analyzed by
polyacrylamide gel electrophoresis; they were
stained with Coomassie blue and their densito-
metric peaks were weighed to determine the
relative amounts.

RESULTS

The plasma concentration of hydroperoxide
and of �-tocopherol and protein-lipid distribu-
tion and phospholipid composition in RBC
were comparable among young and elderly
subjects. This applied also when performing the
Cum00H test although this triggered in both
groups the partial degradation of bands 1, 2,
and 3 with formations of high molecular weight
polymers (HMWP). SOD level was comparable
in both age-groups and was not affected by FPP
administration. NOs concentration in RBC and
MDA concentration in both RBC and RBC
membrane were higher in elderly subjects (p �
0.05) and such difference was further enhanced
by Cum00H tests (elderly RBC � young RBC,
p � 0.05). These parameters were found to re-

turn within normal limits in FPP-supplemented
group in resting tests, whereas FPP-supple-
mentation significantly decreased RBC but not
RBC-membrane susceptibility in elderly sub-
jects (p � 0.05) (Fig. 1).

DISCUSSION

Circulating erythrocytes are exposed to high
oxygen tension and they also abound in iron,
which is a transitional metal promoting the for-
mation of oxygen free radicals. A number of
studies have shown that the exposure of eryth-
rocyte membranes are exposed to lipid per-
oxidation can cause structural abnormalities 
in proteins and lipids through crosslinking, 
fragmentation phenomena, and protein-lipid
adducts formation.14 Moreover, the formation of
HMWP protein aggregates, as occurred also in
the present study, might be independent of lipid
peroxidation, as they result from a direct attack
of radicals on the proteins, whereas mature
RBCs are known to have limited capacity to re-
place damaged protein by de novo synthesis. As
reported by others,3 the present authors did not
find any gross changes either in the lipid com-
position or the protein content. However, ear-
lier15 and quite recent studies suggest that RBC
from elderly patients may undergo several ox-
idative stress-related alterations such as of pro-
tein structure and of RBC-membrane enzyme
activity.16 Indeed, in the present study, prior to
Cum00H-test RBC from elderly people showed
a significantly higher concentration of MDA and
NOs, the former also at RBC-membrane level.
Such differences were further enhanced under
oxidative stimulus, pointing out that RBC from
elderly subjects displays a higher susceptibility
to oxidative stress. Interestingly, FPP-supple-
mentation enabled such parameters to return
within normal “young” limits in intact RBC but
not RBC membranes. Different age-related
phospholipid-cholesterol molar arrangements
altered membrane lipid exposure on the outer
surface and lipid asymmetry might be factors to
be advocated for to explain such result. Taken
altogether, these data might be of interest when
considering that higher concentrations of MDA
and NOs have been quire recently demonstrated
in erythrocytes and platelets of Alzheimer’s dis-
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ease patients17 as well as decreased RBC uptake
of vitamin E in diabetics18 and possible links be-
tween RBC-oxidative damage and microcircula-
tory disturbances in middle-aged healthy sub-
jects.19 Moreover, very recently Rachmilewitz,
reviewing in fine detail the issue of oxidative
damage in thalassemia, suggested the strong po-
tential of antioxidant therapy.20 Although ROS
generated at different sites (i.e., external or in-
ternal to the RBC) might have different patterns
of effect, thus modifying the directionality of
pathologic oxidant stress, the present prelimi-
nary data suggests that a nutraceutical inter-
vention might prove to be a useful complemen-
tary tool in therapeutic strategies of aging and
age-related diseases.

REFERENCES

1. Jozwiak Z, Jasnowska B. Changes in oxygen-metabo-
lizing enzymes and lipid peroxidation in human ery-
throcytes as a function of age of donor. Mech Aging
Dev 1985;32:77–83.

2. Guven M, Ozkilic A, Kanigur-Sultuybek G, Ulutin T.
Age-related changes on glucose transport and uti-
lization of human erythrocytes: effect of oxidative
stress. Gerontology 1999;45:79–82.

3. Jozwiak Z, Jasnowska B. Changes in oxygen-metabo-
lizing enzymes and lipid peroxidation in human ery-
throcytes as a function of age of donor. Mech Aging
Dev 1985;32:77–83.

4. Onaran Y, Yalcin AS, Sultuybek G. Effect of donor age
on the susceptibility of erythrocytes and erythrocytes
membranes to cumene hydroperoxide. Mech Aging
Develop 1997;98:127–138.

5. Jozwiak Z, Jasnowska B. Changes in oxygen-metabo-
lizing enzymes and lipid peroxidation in human ery-
throcytes as a function of age of donor. Mech Aging
Dev 1985;32:77–83.

6. Glass GA, Gershon D. Decreased enzymic protection
and increased sensitivity to oxidative damage in ery-
throcytes as a function of cell and donor age. Biochem
J 1984;218:531–537.

7. Tyan M. Age related increase in erythrocyte oxidant
sensitivity. Mech Aging Dev 1982;20:25–32.

8. Rimbach G, Park YC, Guo Q, Moini H, Qureshi N,
Saliou C, Takayama K, Virgili F, Packer L. Nitric ox-
ide synthesis and TNF-alpha secretion in RAW 264.7
macrophages: mode of action of a fermented papaya
preparation. Life Sci 2000;67:679–694.

9. Rimbach G, Guo Q, Akiyama T, Matsugo S, Moini H,
Virgili F, Packer. L.Ferric nitrilotriacetate induced
DNA and protein damage: inhibitory effect of a fer-
mented papaya preparation. Anticancer Res. 2000;20:
2907–2014.

10. Marotta F, Barreto R, Tajiri H, Bertuccelli J, Safran P,
Yoshida C, Fesce E. The aging/precancerous gastric
mucosa: a pilot nutraceutical trial. Ann NY Acad Sci.
2004;1019:195–199.

11. Marotta F, Safran P, Tajiri H, Princess G, Anzulovic H,
Ideo GM, Rouge A, Seal MG, Ideo G. Improvement of
hemorheological abnormalities in alcoholics by an oral
antioxidant. Hepatogastroenterol 2001;48:511–517.

12. Rachmilewitz E, Fibach E. In vivo and in vitro analy-
ses of the effect of FPP treatment on thalassemic RBC.
Personal Communication, ORI report. Paris: UN-
ESCO, 2002.

13. Demehin AA, Abugo OO, Rifkind JM. The reduction
of nitroblue tetrazolium by red blood cells: a measure
of red cell membrane antioxidant capacity and he-
moglobin-membrane binding sites. Free Radic Res
2001;34:605–620.

14. Beppu M, Murakami K, Kikugawa K. Detection of ox-
idized lipid-modified erythrocyte membrane proteins
by radiolabeling with tritiated borohydrate. Biochim
Biophys Acta 1987;897:169–179.

15. Schwarz BN, Glaser T, Kosower NS. Band 3 protein
degradation by calpain is enhanced in erythrocytes of
old people. Biochem J 1991;275:47–51.

16. Goi G, Cazzola R, Tringali C, Massaccesi L, Volpe SR,
Rondanelli M, Ferrari E, Herrera CJ, Cestaro B, Lom-
bardo A, Venerando B. Erythrocyte membrane alter-
ations during aging affect beta-D-glucuronidase and
neutral sialidase in elderly healthy subjects. Exp
Gerontol 2005;40:219–225.

17. Kawamoto EM, Munhoz CD, Glezer I, Bahia VS,
Caramelli P, Nitrini R, Gorjia R, Curi R, Scavone C,
Marcourakis T. Oxidative state in platelets and eryth-
rocytes in aging and Alzheimer’s disease. Neurobiol
Aging 2005;26:857–864.

18. Yanagawa K, Takeda H, Egashira T, Matsumiya T,
Shibuya T, Takahashi M. Changes in antioxidative
mechanisms in elderly patients with non-insulin-de-
pendent diabetes mellitus. Investigation of the redox
dynamics of alpha-tocopherol in erythrocytes mem-
branes. Gerontology 2001;47:150–157.

19. Konstantinova E, Tolstaya T, Prishchep S, Milutin A,
Mironova E, Ivanova L. Plasma lipid levels, blood
rheology, platelet aggregation, microcirculatory state
and oxygen transfer to tissues in young and middle-
aged healthy people. Clin Hemorheol Microcirc 2004;
30:443–448.

20. Rund D, Rachmilewitz E. Beta-thalassemia. Engl J
Med. 2005;353:1135–1146.

Address reprint requests to:
F. Marotta, M.D., Ph.D.

Hepato-Gastroenterology Department
San Giuseppe Hospital

Via Pisanello 4
20146 Milan, Italy

E-mail: fmarchimede@libero.it

MAROTTA ET AL.230

6069_12_p227-230  5/3/06  10:58 AM  Page 230


