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Abstract Lipid peroxidation by ROS at the membrane
level disturbs the inherit integrity of components activating
subsequent alterations in the function. In this study, the
protective effect of purified Sundakai (Solanum torvum)
seed protein (SP) was tested against oxidative membrane
damage in erythrocyte membrane. SP prevented oxidative
RBC lysis induced by pro-oxidants; Fe:As (2:20 pmol),
periodate (0.4 mM), and --BOOH (1 mM) up to 86, 81, and
86 %, respectively. Further, SP prevented the Fe:As-in-
duced K* leakage up to the tune of 95 %. The inhibition
offered by SP on K* leakage was comparable to inhibition
offered by quinine sulfate, a known K" channel blocker.
SP dose dependently restored NatK* ATPase and Ca®"
Mg*" ATPase activities in erythrocyte membrane. The
restoration of ATPase activity by SP was two times more
than standard antioxidants BHA and «-tocopherol. Besides,
SP at 1.6 pmol restored the membrane proteins over Fe:As
induction when analyzed by SDS-PAGE, which was
comparable to protection offered by BHA. In conclusion,
SP is an effective antioxidant in preventing oxidative
membrane damage and associated functions mediated by
ROS. As SP is non-toxic, it can be used as an effective
bioprotective antioxidant agent to cellular components.
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°C Degree Celsius
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Introduction

Excess production of reactive oxygen species (ROS) under
conditions of oxidative stress is detrimental to cells, as
ROS can cause oxidative damage to lipids, proteins, DNA,
and other macromolecules (Butterfield et al. 1998; Lee and
Wei 2007; Valk et al. 2007). Elevated levels of ROS have
been implicated in etiology of many diseases like cancer,
neurodegenerative disorders, cardiovascular diseases,
atherosclerosis, cataract, and inflammation (Halliwell
1994; Aviram 2000; Kris-Etherton et al. 2004; Riccioni
et al. 2008).

Lipid peroxidation by ROS at the membrane levels
disturbs the inherit integrity of lipids in membrane causing
subsequent alterations in the functions. Lipid peroxides
generates a variety of reactive substances such as
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aldehydes, including malondialdehyde (MDA). These may
potentially affect membrane permeability and functioning
of ion pumps and structure function relationship of mem-
brane-bound proteins resulting in the inability of the cell to
maintain its ionic environment. Several structural and
functional damages are caused to RBCs by the exposure to
MDA (Halliwell and Gutteridge 1999; Esterbauer et al.
1991).

Under oxidative stress, hemolysis of RBCs takes place
due to the action of ROS (Van den Berg et al. 1992).
Further, intracellular K™ concentration is zealously guar-
ded by the cell to accomplish essential physiological task.
Oxidative damage causes disruption of cellular membrane
proteins and causes leakage of intracellular contents (Hal-
liwell and Gutteridge 1989; Rohn et al. 1998). The NatK™
ATPAse and Ca*"Mg?"t ATPases are membrane-bound
enzymes which are involved in maintenance of ion con-
centration within cells. The altered activities of ATPases
indicate the extent of damage to cell membranes. It has
been reported that there is a permanent inhibition of
ATPase activities by oxygen-free radicals via lipid perox-
idation (Hexum and Fried 1979). A limiting factor which
may prevent the extent of damage to cells may be the level
of exogenously derived antioxidants. Dietary antioxidants
have been shown to protect the cells from damage caused
by oxidative stress and to fortify the defense system against
degenerative diseases (Clarke et al. 2008; Riccioni et al.
2008). Several natural antioxidants and phytonutrients
present in dietary sources reduced the oxidative stress and
oxidative stress-induced hemolysis (Tulipani et al. 2011,
2014; Widen et al. 2012; Rajamani et al. 2014; Phruek-
sanan et al. 2014).

Earlier we have isolated and characterized an antioxi-
dant protein from Sundakai (Solanum torvum) seeds which
are designated as Sundakai seed protein (SP) (Marappan
and Leela 2007). Here in this study we test the ability of SP
to prevent pro-oxidant-induced oxidative membrane dam-
age to RBCs. The use of human RBCs as a model for
oxidative damage is as the liability of erythrocyte mem-
brane to lipid peroxidation induced by peroxidation in vitro
reflects the liability of other cell membranes to oxidative
damage in vivo relating to oxidative stress (Sies 1997,
Fraga et al. 1990).

Materials and Methods
Materials
Ferrous sulfate, ascorbate, acrylamide, thiobarbituric acid,

butylated hydroxyl anisole (BHA), a-tocopherol, quercetin,
O-phenanthroline, Adenosine 5'triphosphate (5'ATP), and
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all other chemicals were purchased from Sigma Chemical
Co., USA. All other chemicals unless otherwise mentioned
were of analytical grade and procured from Merck
(Germany). Solvents were distilled prior to use. Blood
samples were obtained from the healthy male volunteers of
Adichunchanagiri Biotechnology and Cancer research
Institute (ABCRI), Mandya district, Karnataka, India. A
homogenous preparation of Sundakai seed protein (SP) was
purified as described previously (Marappan and Leela
2007).

Analysis of Oxidative Hemolysis

Preparation of RBC’s and Human Erythrocyte Ghost
(Membrane)

Human blood was collected from healthy male volunteers.
Erythrocyte ghost, free of hemoglobin and superoxide
dismutase, was prepared by the method of Dodge et al.
(1963). Blood was centrifuged at 2500 rpm for 15 min, the
supernatant obtained was discarded, and the RBC pellet
was taken and kept as RBC suspension for further assays.
The RBS pellet was washed three to five times with iso-
tonic phosphate buffer (310 milli osmolar, pH 7.4, cen-
trifuged at 2500 rpm at 4 °C for 20 min). The RBC pellet
obtained was suspended in hypotonic phosphate buffer and
incubated for overnight at room temperature for hypotonic
hemolysis to take place. The contents were centrifuged at
12,000 rpm at 4 °C for 20 min to remove unlysed RBC
cells. Supernatant was collected and centrifuged at
12,000 rpm for 20 min, and washed in 0.9 % saline. Ery-
throcyte ghost was suspended in 0.9 % NaCl in aliquots
and stored at —20 °C for further use. The protein content of
ghost was estimated by Bradford’s method (Bradford
Marion 1976).

Erythrocyte Susceptibility to Oxidation and Protection
by SP

100 pls of freshly prepared RBC suspension (1 x 10°
cells) was preincubated with antioxidants such as Sundakai
seed protein (SP) (0-25 pgs), BHA (0-25 ngs), and a-to-
copherol (0-25 pgs) for 20 min at 37 °C, and then ferrous
sulfate:ascorbate (2:20 pumol), periodate (0.4 mM) or #-
BOOH (1 mM) was added and final volume was made up
to 1 ml with saline. Reaction mixture was incubated at
37 °C for 3 h, centrifuged at 2500 rpm for 10 min and the
extent of hemolysis was measured spectrophotometrically
at 540 nm. Appropriate controls were taken and percentage
inhibition of oxidative hemolysis was calculated. The
concentration of protein in the hemolysates was estimated
by Bradford’s method (1976).
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Inhibition of Lipid Peroxidation Induced by Fe:As
by Sp and Standard Antioxidants

Erythrocyte membrane (200 pLg membrane protein) was
preincubated with or without various concentrations of SP
(0-25 ngs), BHA (400 uM), and a-tocopherol (400 pM) in
0.5 ml of TBS, pH 7.4 at 37 °C for 20 min. Then, ferrous
sulfate:ascorbate (2:20 pmol) was added, final volume was
made up to 1 ml with TBS, pH 7.4 and incubated at 37 °C
for 60 min. To each supernatant, 1 ml of 10 % TCA and
1 ml of 10 % TBA were added, heated for 95 °C for
15 min, cooled, centrifuged at 500 rpm for 10 min, and
supernatant was read at 535 nm. MDA equivalents were
calculated using molecular extinction coefficient of MDA
(1.56 x 10> M~ " cm™") (Buege and Aust 1978; Yang
et al. 2001).

Intracellular K* Leakage in Erythrocytes
and Protection by Antioxidants

To 0.1 ml of RBC suspension (1.0 x 10° cells), ferrous
sulfate:ascorbate (2:20 umol) was added and final volume
was made up to 1 ml with saline. At various time intervals,
the amount of K* leakage from cells into the medium was
measured by a K* specific microelectrode (Micro elec-
trodes Inc. London-derry-New Hampshire, 03053, USA)
connected to a pH meter. Calibration was done with 107,
10741077, 1072, and 10~"' M KCl solution. The amount of
K" released was expressed as uM K*1/10° cells.

For studying inhibitory effect of antioxidants on Fe:As-
induced K™ ion leakage in erythrocytes, 0.1 ml RBC sus-
pension (1.0 x 10° cells) was preincubated with or without
different concentrations of SP (0-120 pgs), BHA
(0-120 pgs), a-tocopherol (0—120 pgs), Quinine sulfate
(1 uM), and O-phenanthroline (10 mM) for 20 min at
37 °C. To this, Fe:As (2:20 umol) was added, and final
volume was made up to 1 ml with saline. The amount of
K" ion leakage was monitored at 20" min as described
above. Suitable controls of solvents or antioxidants or
inhibitors alone were maintained. uM K ion leakage
induced by pro-oxidant without inhibitor or any antioxi-
dants was expressed as 100 % and % inhibition of K* ion
leakage is calculated accordingly.

Restoration of Na*K* ATPase Activity
by Antioxidants

Na"K* ATPase activity of RBC membranes was deter-
mined following Ames (Ames 1966; Moore et al. 1989;
Kaul and Krishnakanth 1994). Erythrocyte membranes
(200 pgs of membrane protein) were preincubated with or
without various concentrations of SP (0-100 pgs), BHA

(0-100 pgs) -tocopherol (0—100 pgs) and O-phenanthroline
(10 mM) in 0.5 ml of TBS, pH 7.4 at 37 °C for 20 min.
Then, Fe:As (2:20 umol) was added, final volume was made
up to 1 ml with TBS, pH 7.4 and incubated at 37 °C for
60 min. The supernatant was discarded, and the pellet was
dissolved and incubated in 0.5 ml of reaction mix (Tris
50 mM, NaCl 350 mM, KCI 35 mM, MgCl, 7.5 mM,
EDTA 0.5 mM, pH 7.0) for 10 min at 37 °C. At the end of
the incubation period, ATP (15 mM) was added and further
incubated at 37 °C for 60 min. Reaction was stopped by
adding 0.1 ml of 10 % TCA and kept in ice water for
10 min. NatK"™ ATPase activity of RBC membranes was
estimated by the inorganic phosphorous-liberated (Pi)
according to the method of Fiske and Subbarao (1921).
700 pul of Ammonium molybdate reagent was added fol-
lowed by the addition of 40 ul of ANSA reagent, incubated
at 37 °C for 60 min. The blue color developed was read at
690 nm. Appropriate controls were done. The phosphorous
content was calculated from calibration curve (absorbance
versus phosphorous content), and enzyme activity was
expressed as pmol Pi/mg membrane protein/h.

Restoration of Ca?’*Mg?* ATPase Activity
by Antioxidants

Ca’*Mg?" ATPase activity of RBC membranes was
determined following Ames (Ames 1966; Moore et al.
1989, Kaul and Krishnakanth 1994). Erythrocyte mem-
branes (200 pgs of membrane protein) were preincubated
with or without various concentrations of SP (0-100 pngs),
BHA (0-100 pgs) -tocopherol (0-100 pgs), and O-
phenanthroline (10 mM) in 0.5 ml of TBS, pH 7.4 at 37 °C
for 20 min. Then, Fe:As (2:20 umol) was added, final
volume was made up to 1 ml with TBS, pH 7.4 and
incubated at 37 °C for 60 min. The supernatant was dis-
carded, and the pellet was dissolved and incubated in
0.5 ml of reaction mix (Tris 50 mM, NaCl 350 mM, KCl
35 mM, MgCl, 7.5 mM, EDTA 0.5 mM, pH 7.0) for
10 min at 37 °C. At the end of the incubation period, ATP
(15 mM) was added and further incubated at 37 °C for
60 min. Reaction was stopped by adding 0.1 ml of 10 %
TCA and kept in ice water for 10 min. Ca**Mg*" ATPase
activity of RBC membranes was estimated by the inorganic
phosphorous-liberated (Pi) according to the method of
Fiske and Subbarao (1921). 700 pls of Ammonium
molybdate reagent was added followed by addition of
40 pl of ANSA reagent, incubated at 37 °C for 60 min.
The blue color developed was read at 690 nm. Appropriate
controls were done. The phosphorous content was calcu-
lated from calibration curve (absorbance versus phospho-
rous content), and enzyme activity was expressed as pmol
Pi/mg membrane protein/h.
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Protection of Fe:As-Induced Alterations in RBC
Membrane Protein Profile by Antioxidants

Ghost membrane (500 pg of membrane protein) was
preincubated with or without SP (1.6 umol) and BHA
(400 uM) for 20 min at 37 °C, followed by the addition of
ferrous sulfate:ascorbate (2:20 pmol) in a total volume of
0.5 ml of saline and incubated for 60 min at 37 °C. The
above reaction mixture was taken in sample buffer con-
taining SDS (5 %), glycerol (20 %), mercaptoethanol
(2 mM), and bromophenol blue (0.06 %) and loaded on the
gel at 100 volts. SDS polyacrylamide gel electrophoresis
was carried out according to the method of Laemmli
(1970). Gels were stained using coomassie brilliant blue
R-250 and destained, and bands were visualized.

Statistical Analysis

Statistical analysis was done in SPSS (Windows version
10.0.1 Software Inc., New York) using a one-sided Stu-
dent’s t test. All results refer to mean + SD. P < 0.05 was
considered as statistically significant as comparing to rel-
evant controls.

Results and Discussion

Lipid peroxidation by ROS at membrane levels affects the
structure and function of membranes. High levels of ROS
have been implicated in several oxidative damage-related
diseases (Aviram 2000; Kris-Etherton et al. 2004; Riccioni
et al. 2008). The limiting factor that may prevent the extent
of damage could be the quantum of exogenously derived
antioxidants (Clarke et al. 2008; Riccioni et al. 2008).
Recently, we isolated and characterized an antioxidant
protein from Sundakai (S. forvum) seeds termed as Sun-
dakai seed protein (SP) (Marappan and Leela 2007). The
present study reports the protective effect of SP against
oxidative membrane damage in RBC cells.

In our study, RBC’s are used to test the extent of lipid
peroxidation, as liability of erythrocyte membrane to lipid
peroxidation in vitro reflects the susceptibility of other cell
membranes to oxidative damage in vivo, relating to
oxidative stress (Sies 1997; Fraga et al. 1990). Moreover,
in vivo erythrocytes are highly exposed to oxygen and are
site for radical formation under pathological conditions
(Tesoriere et al. 1999). Anemia of chronic inflammatory
diseases appears to be caused, in part by oxidative damage
to erythrocytes.

A number of factors have been considered relevant to
the oxidative lysis of RBC’s, and in addition, it has been
reported that hemolysis finally depends on the integrity of
membrane proteins (Van den berg et al. 1992; Celedon
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et al. 2007). Hence it was important to study the protective
role of Sundakai seed protein (SP) to prevent oxidative
hemolysis. When SP was tested for its efficiency to prevent
the oxidative RBC lysis induced by pro-oxidants, there was
a dose-dependent prevention by SP of membrane lysis
upon Fe:As (2:20 umol), periodate (0.4 mM) and ~-BOOH
(1 mM) effect (Fig. 1). At 25 pgs, SP exhibits maximum
protection to the extent of 86 % against Fe:As-induced
oxidative hemolysis: on the other hand, a-tocopherol and
BHA at 400 uM exhibited protection by 92 and 85 %,

100 —— Fe:As—#— Periodate —4—t-BOOH

80 |

60 |

% Protection

20 |

SP (ng)

Fig. 1 Dose-dependent protective effect of Sp on pro-oxidant-induced
oxidative hemolysis. 0.1 ml of RBC suspension (1 x 10° cells)
preincubated with SP (0-25 pgs) at 37 °C for 20 min. Then, Fe:As
(2:20 pmol) or periodate (0.4 mM) or -BOOH (1 mM) added in 1 ml
saline, incubated at 37 °C for 180 min. Oxidative hemolysis induced by
pro-oxidants in the absence of antioxidants was expressed as 100 %
lysis. Values are mean &+ SD (n = 6)
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Fig. 2 Protective effect of Sp on pro-oxidant-induced oxidative
hemolysis: comparison with standard antioxidants. 0.1 ml of RBC
suspension (1 x 10° cells) preincubated with SP (25 pgs) or BHA
(400 pM) or a-tocopherol (400 uM) at 37 °C for 20 min. Then, Fe:As
(2:20 pmol) or periodate (0.4 mM) or -BOOH (1 mM) added in 1 ml
saline, incubated at 37 °C for 180 min. Oxidative hemolysis induced
by pro-oxidants in the absence of antioxidants was expressed as
100 % lysis. Values are mean £ SD (n = 6)
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respectively (Fig. 2). Upon periodate and ~-BOOH-induced
oxidative hemolysis, SP at 25 pngs showed 81 and 86 %.
On the other hand, BHA and o-tocopherol showed 83 and
94 % against periodate-induced hemolysis and about 78
and 90 % against +-BOOH-induced hemolysis (Fig. 2). The
results indicate that SP is a potent protectant against
oxidative lysis of erythrocytes when compared to standard
antioxidants BHA and a-tocopherol. Similar studies have
reported that oolong tea extracts and melatonin are shown
to inhibit hemolysis under oxidative stress (Allegra et al.
2002; Tesoriere et al. 1999; Zhu et al. 2002). The results
suggest that oxidative membrane damage could be effi-
ciently protected by antioxidants.

The K" ion leakage is one of the consequences of
membrane damage. In order to accomplish essential
physiological task, virtually all cells accumulate K* and
excludes Nat from the cytoplasm. The oxidation of
membrane lipids, with the formation of aldehydes results in
the interruption of cellular membrane proteins and cause
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Fig. 3 Dose-dependent inhibition of Fe:As-induced K* leakage by
antioxidants. 100 pls of RBC suspension (1 x 10° cells) was prein-
cubated with or without antioxidants at indicated concentrations for
20 min at 37 °C. Fe:As (2:20 pmol) was added and final volume was
made up to 1 ml with saline. The amount of K* ion leakage was
measured at 20th min with K*-specific microelectrode connected to
pH meter. Amount of K™ released is expressed as uM K*/ 108 cells.
Values are mean + SD (n = 6)

leakage of intracellular contents (Halliwell and Gutteridge
1989; Rohn et al. 1998). In this study, when erythrocyte
suspension was treated with Fe:As (2:20 pmol) the maxi-
mum damage was at 20th min, indicated by leakage of K*
ions in the medium. When antioxidants were tested in
terms of their potency to prevent K* ion leakage in ery-
throcytes, it was found that SP, BHA, and «-tocopherol
dose dependently prevented Fe:As-induced K™ leakage to
(Fig. 3). SP at 80 g inhibited K™ leakage in erythrocyte
membrane up to 97 %, whereas BHA and o-tocopherol at
120 pg inhibited up to 81 and 89 %, respectively (Table 1).
SP was more potent than standard antioxidants in inhibiting
K™ leakage and inhibition is comparable to inhibition (up
to 90 %) offered by quinine sulfate, a known K" channel
blocker In addition O-phenanthroline (lipophilic iron
chelator) offered 92 % inhibition against Fe:As-induced
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Fig. 4 Restoration of Na"K" ATPase activity by SP and standard
antioxidants. Erythrocyte membrane (200 pgs) preincubated with Sp
(0-100 pgs) or BHA (0-100 pgs) or a-tocopherol (0-100 pgs) in
0.5 ml TBS, pH 7.4 and incubated at 37 °C for 30 min. Fe:As
(2:20 pmol) was added, final volume was made up to 1 ml with TBS,
Incubated at 37 °C for 60 min. Following incubation, Na*K* pump
ATPase of membrane (pellet) was determined and enzyme activity is
expressed as pmol Pi/mg protein/h. Data represent the mean + SD
(n=16)

Table 1 Inhibitory effect of Sp on pro-oxidant induced K™ leakage in erythrocyte

Antioxidants/inhibitors Function Concentration % inhibition of K leakage in
erythrocytes (1 x 10° cells)

No antioxidants/inhibitors 0

Quinine sulfate K™ channel Blocker 1 M 90 £ 1.2

O-phenanthroline Iron chelator 10 mM 92 £ 0.5

SP Antioxidant 100 pgs 90 £ 1.0

BHA Antioxidant 120 pgs 81 £09

o-tocopherol '0, quencher 120 pgs 89 £ 1.1

100 pl of RBC suspension (1 x 106 cells) was preincubated with antioxidants/inhibitors for 20 min at 37 °C. Ferrous sulfate:ascorbate
(2:20 pmol) was added and the amount of K* leakage was measured at 20th min. K™ leakage induced by pro-oxidant without inhibitor was
expressed as 100 % and percentage inhibition calculated accordingly. Values are mean+ S.D (n = 6)
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K™ leakage (Table 1). Inhibition of lipid peroxidation by
iron chelators was shown to completely prevent cell death
indicating that iron induced peroxidative damage was
responsible for causing irreversible injury (Morel et al.
1990). The comparison studies with OH' radical quenchers
(BHA and a-tocopherol) and lipophilic iron chelator (O-
phenanthroline) indicate that SP is effective inhibitors of
OH' radical formation and iron induced peroxidative
damage.

Na*K' ATPase and Ca>™Mg®" ATPase are membrane-
bound enzymes which are involved in maintenance of
respective monovalent and divalent cation concentrations
within cells. The altered activities of ATPases possibly
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Fig. 5 Restoration of Ca*"Mg>" ATPase activity by SP and standard
antioxidants. Erythrocyte membrane (200 pgs) preincubated with SP
(0-100 pgs) or BHA (0-100 pgs) or a-tocopherol (0-100 pgs) in
0.5 ml TBS, pH 7.4 and incubated at 37 °C for 30 min. Fe:As
(2:20 pmol) was added, final volume was made up to 1 ml with TBS,
incubated at 37 °C for 60 min. Following incubation, Ca’>*Mg>*
pump ATPase of membrane (pellet) was determined and enzyme
activity is expressed as pmol Pi/mg protein/h. Data represent the
mean £+ SD (n = 6)

show the extent of damage to cell membrane. It has been
reported that there is a permanent inhibition of ATPase
activity by oxygen-free radicals via lipid peroxidation
(Hexum and Fried 1979). When the effect of antioxidants
including SP was tested on Na*K™ ATPase and Ca® Mg*"
upon induction by Fe:As (2:20 pumol), it was observed that
all the antioxidants tested SP, BHA, and «-tocopherol dose
dependently restored Na"K"™ ATPase (Fig. 4) and Ca®"
Mg*" ATPase activities (Fig. 5) of erythrocyte membrane.
The activities of isolated RBC membranes (untreated
membranes) were 8.5 & 1.0 and 11.2 £ 1.2 pmol/mg
membrane protein/h for Na"K" ATPase and Ca*"Mg*"
ATPase activities, respectively. Treatment of RBC mem-
branes with Ferrous sulfate:ascorbate (2:20 pmol) resulted
in significant inhibition of ATPase activities, and the
activities were found to be 2.5 £ 0.08 and 3.4 £ 0.07 for
NatK" ATPase and Ca’"Mg?" ATPase activities,
respectively. ATPase activities in the presence of SP
(100 pgs), BHA (100 pgs) and o-tocopherol (100 pgs)
were found to be 7.6 &= 0.9, 6.6 &= 0.55 and 7.4 + 0.35 for
NatK™" ATPase (Table 2) and 8.5 + 1.0, 7.3 + 0.6 and
8.4 £ 0.55 for Ca®™Mg®" ATPase activities, respectively
(Table 2). In comparison, the decrease in ion pump
ATPase activity was significantly prevented by the pre-
treatment of O-phenanthroline (10 mM), which showed
8.4 + 1.2 and 10.3 & 0.9 for Na"K" ATPase and Ca®"
Mg*" ATPase activities, respectively (Table 2). This sug-
gests that if iron is chelated, inhibition of ion pump
ATPases activities could be reduced. Overall ATPase
activities in the presence of antioxidants were comparable
to activities of untreated RBC membrane. Based on the
results obtained, it can be concluded that SP is an effective
antioxidant in restoration of ATPases activities upon
oxidative damage to membrane.

Table 2 Restoration of ATPase activities by SP; comparison with standard antioxidants

Antioxidants

Final Concentration

Na™K* ATPase activity* Ca’"Mg*" ATPase activity*

Untreated RBC Membrane
RBC membrane + Fe:As (2:10 pmol)

RBC membrane + Fe:As (2:10 pmol) 4 SP 100 pgs
RBC membrane + Fe:As (2:10 umol) + BHA 100 pgs
RBC membrane + Fe:As (2:10 pmol) + a-tocopherol 100 pgs
RBC membrane + Fe:As (2:20 pmol) + O-phenanthroline 10 mM

85+ 1.0 112+12
2.5 + 0.008" 3.4 + 0.007°
7.6 + 0.89° 8.5 4 0.9°
6.6 £ 0.5° 7.3 £ 0.55°
74 +0.3¢ 8.4 + 0.5°
8.4 + 1.0° 10.3 & 0.99¢

Erythrocyte membrane (200 pgs) preincubated with 0—100 pg of Sp or BHA or a-tocopherol or O-phenanthroline in 0.5 ml TBS, pH 7.4 and
incubated at 37 °C for 20 min. Fe:As (2:20 pmol) was added, final volume was made up to 1 ml with TBS, incubated at 37 °C for 60 min.
Following incubation, Na*K" pump ATPase and Ca2*Mg2" pump ATPase of membrane (pellet) were determined, and enzyme activity is
expressed as pmol Pi/mg protein/h. Data represent the mean £ SD (n = 6)

* The enzyme activity is expressed as pmol Pi/mg protein/h

* Statistically significant (P < 0.001) compared to untreated membrane

® Statistically significant (P < 0.05) compared to Fe:As-treated membrane

¢ Statistically significant (P < 0.01) compared to Fe:As-treated membrane
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Studies have shown that end products of lipid peroxi-
dation, MDA is capable of cross-linking membrane com-
ponents containing amino groups (Tappel 1973; Halliwell
and Gutteridge 1985). It has been reported that one
potential mechanism for iron-mediated damage of Ca®"
pump ATPase is through cross-linking by MDA (Pacifici
and Davies 1990). The incubation of RBC membrane
(200 pgs) with Fe:As (2:20 pmole) as for ATPase analysis
was found to induce membrane lipid peroxidation as evi-
denced by the formation of TBARs of about 1.56 nmole of
MDA equivalents/mg membrane protein/h. The treatment
of SP (0-25 ngs), BHA (0-25 pgs), and a-tocopherol
(0-25 ngs) was found to decrease the formation of TBARS
in a dose-dependent manner for protection of ion pump
ATPases (Fig. 6). The above results indicate that ferrous
sulfate:ascorbate (Fenton reactant) induced formation of
TBARS in RBC ghost which closely parallels with inhi-
bition of both ion pump ATPases (Na*K" ATPase and
Ca’*Mg*" ATPase), and pretreatment of SP, BHA, and a-
tocopherol significantly ameliorated the oxidative damage
of RBC membrane by reducing MDA levels and restoring
ATPases activities toward normalcy. The mechanism by
which SP does is probably by directly scavenging radicals
or chelating the ferrous ions (Fenton reaction) (Marappan
and Leela 2007).

Lipid peroxidation of RBC membranes alters membrane
fluidity and impairs deformability of RBC cells, which
results in shape and deformability of RBC. In order to
assess the effect of Fe:As (2:20 umol) induced membrane
protein damage and its protection by antioxidants SDS-
PAGE was carried out. The treatment of Fe:As with

1.6 7 ——SP
—=— BHA
—&— a-tocopherol

1.2 1

0.4 7

MDA equivalents (nmole/mg
membrane proetin/hr)
=3
@

0 T T 1
5 10 15 20

Antioxidants (pg)

Fig. 6 Inhibition of lipid peroxidation by SP and other standard
antioxidants. RBC ghost (200 pgs) preincubated with antioxidants,
treated with Fe:As (10:100 pmol) in 1 ml of TBS, pH 7.4. TBARs
determined and calculated as equivalents of MDA using molecular
extinction coefficient of 1.56 x 107> M~' cm™" and expressed as
nmole of MDA equivalents/mg membrane protein/h. Data are

mean = SD (n = 6)

4 3 2 1

Fig. 7 SDS-PAGE of membrane proteins upon antioxidants exposure
against pro-oxidants induced membrane damage. Erythrocyte ghosts
(500 pg of membrane protein) pretreated with SP (1.6 pmol) or
BHA(400 uM) at 37 °C for 20 min. Then treated with Fe:As
(2:20 pmol) in 500 pls of TBS, pH 7.4 at 37 °C for 60 min. Reaction
mixture taken in sample buffer and SDS-PAGE (10 %) was run at
100 V. The proteins were visualized by staining with coomassie blue
R-250. Lane 1 untreated ghosts, Lane 2 ghosts + Fe:As (2:20 pmol),
Lane 3 ghosts 4+ Fe:As (2:20 pmol) + BHA (400 uM), Lane 4
ghosts + Fe:As (2:20 pmol) + SP (1.6 pmol)

membrane showed disappearance of membrane proteins by
SDS-PAGE. In contrast, the pretreatment of membrane
with SP (1.6 pmol) and BHA (400 uM) restored the
membrane protein profile upon Fe:As induction (Fig. 7).
The results indicate that SP at a lower concentration
effectively protected the membranes proteins when com-
pared to standard antioxidant BHA.

In conclusion, the Sundakai seed antioxidant protein
(SP) is potent in preventing oxidative membrane damage
and associated activities mediated by ROS. As it is a non-
toxic protein (Marappan and Leela 2007), it can be used as
an effective bioprotective antioxidant agent to cellular
components.

Acknowledgments The authors acknowledge the Adichunchanagiri
Shikshana Trust and The principal, Adichunchanagiri Institute of
Medical Sciences (AIMS), B.G.Nagar for providing facilities to carry
out this work.

References

Allegra M, Gentile C, Tesoriere L, Livers M (2002) Protective effect
of melatonin against cytotoxic actions of malondialdehyde: an
invitro study on human erythrocytes. J Pineal Res 32:187-193

Ames BN (1966) Assay of inorganic phosphate, total phosphate and
phosphatases. In: Neufeld E, Ginsburg V (eds) Methods in

@ Springer



1144 M. Sivapriya et al.: Protective Effect of Sundakai (Solanum torvum) Seed Protein (SP) Against...

enzymology Vol. VIII: complex carbohydrates. Academic Press,
New York, pp 115-118

Aviram M (2000) Review of human studies on oxidative damage and
antioxidant protection related to cardiovascular diseases. Free
Radic Res 33:S85-S97

Bradford Marion M (1976) A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the
principle of protein—dye binding. Anal Biochem 72:248-254

Butterfield DA, Koppal T, Howard B, Subramanium R, Hall N,
Hensley K, Yatin S, Allen K, Aksenov M, Aksenov M, Carney J
(1998) Structural and functional changes in proteins induced by
free radical-mediated oxidative stress and protective action of
the antioxidants N-tert-butyl-alpha-phenylnitrone and vitamin E.
Ann N 'Y Acad Sci 854:448-462

Celedon G, Gonzalez G, Pino J, Lissi EA (2007) Peroxynitrite
oxidizes erythrocyte membrane band 3 protein and diminishes its
anion transport capacity. Free Radic Res 41(3):316-323

Dodge JT, Mitchell C, Hanahan DJ (1963) The preparation and
chemical characteristics of hemoglobin free ghosts of human
erythrocytes. Arch Biochem Biophys 100:119-128

Esterbauer H, Schaur RJ, Zollner H (1991) Chemistry and biochem-
istry of 4-hydroxynonenal, malonaldehyde and related aldehy-
des. Free Radic Biol Med 11:81-128

Fraga CG, Tappel AL, Lebovitz BE, Kuypers F, Chiu D, Lacono JM,
Kelly DS (1990) Lability of red blood cell membranes to lipid
peroxidation: application to human fed polyunsaturated lipids.
Lipids 25:111-114

Halliwell B (1994) Free radicals, antioxidants, and human diseases:
curiosity, cause, or consequences? Lancet 334:721-724

Halliwell B, Gutteridge JMC (1989) Free radicals in biology and
medicine, 2nd edn. Clarendon press, Oxford

Halliwell B, Gutteridge JMC (1999) Free Radicals in Biology and
Medicine, 3rd edn. Oxford University Press, Oxford

Hexum TD, Fried R (1979) Effects of superoxide radicals on transport
(Na™K™) adenosine transport triphosphatase and protection by
superoxide dismutase. Neurochem Res 4:73-82

Kaul S, Krishnakanth TP (1994) Effect of retinol deficiency and
curcumin or turmeric feeding on brain Na*K*' adenosine
transport  triphosphatase  activity. Mol Cell Biochem
137:101-107

Kris-Etherton PM, Lichtenstein AH, Howard BV, Steinberg D,
Wiztum JL (2004) Nutrition Committee of the American Heart
Association Council on Nutrition, Physical Activity and
Metabolism. Antioxidant vitamin supplements and cardiovascu-
lar diseases. Circulation 110:637-641

Laemmli UK (1970) Cleavage of structural proteins during the
assembly of head of bacteriophage T4. Nature 227:680-685

Lee HC, Wei YH (2007) Oxidative stress, mitochondrial DNA
mutation, and apoptosis in aging. Exp Biol Med (Maywood)
232:592-606

Marappan S, Leela S (2007) Isolation and purification of a novel
antioxidant protein from the water extract of Sundakai (Solanum
torvum) seeds. Food Chem 104:510-517

@ Springer

Moore BR, Brummitt IM, Mankad NV (1989) Hydroperoxides
selectively inhibit human erythrocyte membrane enzymes. Arch
Biochem Biophys 273:527-534

Pacifici RE, Davies KJ (1990) Protein degradation as an index of
oxidative stress. Methods Enzymol 186:485-502

Phrueksanan W, Yibchok-anun S, Adisakwattana S (2014) Protection
of clitoria ternatea flower petal extract against free radical-
induced hemolysis and oxidative damage in canine erythrocytes.
Res Vet Sci 97:357-363

Rajamani K, Renju VC, Sethupathy S, Soasundaram S, Thirug-
nanasambandan S (2014) Ameliorative effect of polyphenols
from Padina boergesenii against ferric nitrilotriacetate induced
renal oxidative damage: with inhibition of oxidative hemolysis
and in vitro free radicals. Environ Toxicol 30:865-876

Riccioni G, Mancini B, Di Ilio E, Bucciarelli T, D‘Orazio T (2008)
Protective effect of lycopene in cardiovascular disease. Eur Rev
Med Pharmacol Sci 12:183-190

Rohn TT, Nelson LK, Waeg G, Quinn MT (1998) U-101033E (2,4-
diaminopyrrolopyrimidine), a potent inhibitor of membrane lipid
peroxidation as assessed by the production of 4-hydroxynonenal,
malondialdehyde, and 4-hydroxynonenal-protein adducts. Bio-
chem Pharmacol 56:1371-1379

Sies H (1997) Oxidative stress: oxidants and antioxidants. Exp
Physiol 82:291-295

Tappel AL (1973) Lipid peroxidation damage to cell components. Fed
Proc 32:1870-1874

Tesoriere LD, Arpa D, Conti S, Giaccone V, Pintaudi AM, Livrea
MA (1999) Melatonin protects human red blood cells from
oxidative hemolysis: new insights into the radical-scavenging
activity. J Pineal Res 27:95-105

Tulipani S, Alvarez-Suarez JM, Busco F, Bompadre S, Quiles JL,
Mezzetti B, Battino M (2011) Strawberry consumption improves
plasma antioxidant status and erythrocyte resistance to oxidative
haemolysis in humans. Food Chem 128(1):180-186

Tulipani S, Armeni T, Giampieri F, Alvarez-Suarez JM, Gonzalez-
Paramas AM, Santos-Bluelga C, Busco F, Principato G,
Bompadre S, Quiles JL, Mezzetti B, Battino M (2014) Straw-
berry intake increases blood fluid, erythrocyte and mononuclear
cell defenses against oxidative challenge. Food Chem 156:87-93

Van den Berg JJ, Op den Kamp JA, Lubin BH, Roelofsen B, Kuypers
FA (1992) Kinetics and site specificity of hydroperoxide-induced
oxidative damage in red blood cells. Free Radic Biol Med
12(6):487-498

Widen C, Ekholm A, Coleman MD, Renvert S, Rumpunen K (2012)
Erythrocyte antioxidant protection of rose hips (Rosa spp.).
Oxidative Cell Longev 2012:1-8

Zhu QY, Hackman RM, Ensunsa JL, Holt RR, Koeen CL (2002)
Antioxidative activities of oolong tea. J Agric Food Chem
50:6929-6934



	Protective Effect of Sundakai (Solanum torvum) Seed Protein (SP) Against Oxidative Membrane Damage in Human Erythrocytes
	Abstract
	Introduction
	Materials and Methods
	Materials
	Analysis of Oxidative Hemolysis
	Preparation of RBC’s and Human Erythrocyte Ghost (Membrane)
	Erythrocyte Susceptibility to Oxidation and Protection by SP

	Inhibition of Lipid Peroxidation Induced by Fe:As by Sp and Standard Antioxidants
	Intracellular K+ Leakage in Erythrocytes and Protection by Antioxidants
	Restoration of Na+K+ ATPase Activity by Antioxidants
	Restoration of Ca2+Mg2+ ATPase Activity by Antioxidants
	Protection of Fe:As-Induced Alterations in RBC Membrane Protein Profile by Antioxidants
	Statistical Analysis

	Results and Discussion
	Acknowledgments
	References




