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Abstract
Objective: Three separate experiments were performed to evaluate the biological in vitro effects of two natural antioxidants,
resveratrol (RES), cinnamaldehyde (CIN) and their combinations (RES+CIN) on rabbit erythrocytes. Materials and Methods: Suspensions
of erythrocytes were divided into 15 groups (each group contains 5 replicates). In three experiments, control group was treated with
phosphate buffered saline and dimethyl sulfoxide (DMSO) under the same concentration, while the phytochemical groups in the three
experiments were 25, 50, 75 and 100 µM of RES or CIN or their combinations (equal mixture of RES and CIN) added to the control group,
respectively and incubated for 3 h at 37EC and exposed to gentle shaking every 15 min. Results: The RES or CIN separately or in
combination at different doses enhanced the activities of superoxide dismutase and catalase and improved the concentration of reduced
glutathione compared to the control group. Malondialdehyde, protein carbonyl and adenosine triphosphate contents showed linear and
quadratic decrease with increasing the concentration of RES or CIN or their combinations. Conclusion: The tested bioactive compounds
(RES+CIN) could be helpful in improving the body cells functions without causing hazardous effects and efficiently protected the cells
against oxidative injury when used at concentrations up to 100 µM and found to have synergistic effects.
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(RES+CIN) on the protein and lipid oxidation extent in
erythrocytes. Since, SOD-CAT system is the rst line of defense
against peroxidative injury and is indicative of the rate of free
radical formation and due to the important function of
reduced glutathione in cellular transformation9.

INTRODUCTION
Diet rich in herbs or herbal extracts provides animals with
antioxidant polyphenolic phytochemicals which are supposed
to exert positive effect on production and animal health1,2.
One of these effective compounds is resveratrol (3,5,4'trihydroxy-trans-stilbene, RES) which is found predominantly
as an aromatic phytoalexin of stilbenes type in grapes,
peanuts, berries and yucca, also produced naturally by several
plants in response to injury or when the plant is under attack
by pathogens like fungi or bacteria3. The other well-known
molecule: Cinnamaldehyde (3-phenyl-2-propenal, CIN) is
present mostly in some herbs such as cinnamon 4.
The main application of RES and CIN is in poultry and
animal nutrition in particular as feed additives to reduce free
radicals in a wide variety of animal species. Several studies
carried out on supplementing diets with feed additives
rich in natural antioxidants as RES and CIN demonstrated
their capability to improve the performance, immunity and
health of livestock besides protecting animals against
various degenerative diseases and different types of
cancer2,5. Numerous in vivo and in vitro reports declared
the beneficial impacts of RES, such as anti-aging,
cardio-protective, antioxidant, anticancer, anti-inflammatory,
immunomodulatory as well as chemopreventive and
metabolic modifier activities that are considered in the
treatment and management of a vast array of human
diseases6. Hao et al.7 stated that supplementation of RES
(5, 22.5 and 45 mg kgG1 diet) could decrease malonaldehyde
(MDA) concentration in the liver of animal with high fat and
high cholesterol diets. Also, the levels of glutathione
peroxidase (GSH-Px), superoxide dismutase (SOD) were
increased with resveratrol groups. Blood MDA concentration
was decreased with increasing resveratrol supplementation
in layer quail diets from 200-400 mg kgG1 diet1. Similarly,
cinnamaldehyde showed antimicrobial effect, vasodilatory
and anti-platelet aggregating activities and antitumor
actions8.
To our knowledge, there are limited studies on the effect
of RES and CIN or their combination on the antioxidant
defense system of the erythrocytes. Thus, the aim of the
current study is to assess the potential effects of RES, CIN
separately or in combination as natural antioxidant agents at
different concentrations (0, 25, 50, 75 and 100 µM) on SOD,
catalase (CAT) and reduced glutathione (GSH) of isolated
rabbit erythrocytes in addition to its effects on cell status
explored by the hemoglobin and adenosine triphosphate
(ATP) content on hemolysate as markers for hemolysis, besides
investigating the influence of RES, CIN and their combination

MATERIALS AND METHODS
Chemicals: The RES (3,5,4'-trihydroxy-trans-stilbene, purity of
99%) and pure CIN (3-phenyl-2-propenal, purity $98%) were
obtained from Oxford Laboratory Mumbai, India. All other
chemicals were obtained from Sigma (St., Louis, MO, USA). Kits
of antioxidants were obtained from Biodiagnostic, BD and
Egypt.
Animals and care: Male New Zealand white rabbits (3 months
of age and initial weight of 2.000±50 g) were used. Animals
were individually housed in stainless steel cages at room
temperature (25±2EC) with a relative humidity of 50-60% and
on a 12 h light-darkness cycle. The rabbits had free access to
commercial pellet diet and water ad libitum. The animalsʼ
welfare and care were conformed to the guidelines of the
Animal Use Research Ethics Committee of Zagazig University,
Egypt.
Preparation of erythrocytes: Blood samples (5 mL each)
were collected aseptically from the ear vein of all rabbits in
heparin containing test-tubes to avoid coagulation. The
collected blood samples were centrifuged for 10 min at
3000 rpm at 4EC and then plasma and buffy coat were
removed carefully. The erythrocytes were washed once with
0.9% NaCl solution then harvested by centrifugation then
washed 2 times with ice-cold phosphate buffered saline
(PBS: 145 mM NaCl, 1.9 mM NaH2PO4, 8.1 mM Na2HPO4) and
finally resuspended in PBS to obtain cell suspensions at 10%
hematocrit to be used for incubations10.
Treatment of erythrocytes: The RES or CIN was primarily
solubilized alone small amounts of dimethyl sulfoxide (DMSO)
(not exceed 0.1%) with further dilution in PBS till the
required concentrations (0, 25, 50, 75 and 100 µM). Three
separate experiments were carried out to investigate the
biological in vitro effect of RES, CIN and RES+CIN as natural
antioxidants on isolated rabbit erythrocytes. The experiments
were performed simultaneously and were each designed as a
completely randomized design. Suspended erythrocytes were
divided into 15 groups (5 replicates/group). In three
experiments, the control group treated with PBS and DMSO
2
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within the indicated concentration, while the bioactive
compound groups in experiment 1, 2 and 3 containing 25, 50,
75 and 100 µM of RES or CIN or RES+CIN (equal mixture of
RES and CIN) added to the control group respectively and
incubated at 37EC and exposed to gentle shaking every
15 min for 3 h. After incubation, the mixtures were stored at
4EC and used within 6 h of preparation. For antioxidant
indices, lipid and protein oxidation markers, the mixtures were
stored after incubation at -20EC and thawed 1 day later for
RBCs lysis by osmotic pressure, then they were centrifuged
and supernatants obtained.

Statistical analysis: Data were statistically analyzed by
ANOVA using GLM procedure of SAS13 as a completely
randomized design. The statistical model included treatment
for all experiments. Orthogonal polynomial contrasts were
used to test the linear and quadratic impacts of the
gradually increased concentrations of RES, CIN or RES+CIN
supplementation to rabbit erythrocytes in experiments 1, 2
and 3, respectively.
RESULTS
Experiment 1: The influence of RES on antioxidant indices of

Investigating

the

antioxidant

defense

system in

the normal rabbit erythrocytes incubated with indicated
concentrations for 3 h is presented in Table 1. Different
concentrations of RES (25, 50, 75 or 100 µM) enhanced SOD
and CAT activities and increased GSH concentration compared
to the control group. Activity of CAT was increased linearly
(p<0.001) by increasing the concentration of RES from
0-100 µM. Similarly, the activity of SOD was improved linearly
and quadratically (p<0.001) by elevating the concentration
of RES from 25-100 µM, where 100 µM increased SOD
activity to be (1074 IU gG1 Hb) compared to control value
(879 IU gG1 Hb). The same effects of concentration on SOD
activity were observed for GSH concentration.
Table 1 shows that, lipid peroxidation (LPO) measured
by MDA concentration and Protein Oxidation (PO) represented
by PrC content were significantly affected by the used
concentrations of RES (25, 50, 75 and 100 µM). The PrC and
MDA contents were decreased linearly and quadratically
(p<0.001) with increasing the concentration of RES. The lowest
PrC and MDA concentrations obtained after incubation with
100 µM of RES for 3 h (1.20 and 3.17 µmol gG1 Hb) compared
to untreated group (2.10 and 5.70 µmol gG1 Hb), respectively
and compared with the other treated groups.
The effects of RES on ATP, TP and Hb contents in isolated
rabbit erythrocyte are shown in Table 2. The RES addition to
rabbit erythrocyte evoked a significant linear and quadratic
decrease in ATP content (p<0.001 or = 0.020), respectively
compared with the non-supplemented group or 25 µM of
RES. The lowest value (2.98 µmol gG1 Hb) of ATP was

erythrocytes
Antioxidant indices: The catalase activity (CAT), superoxide
dismutase activity (SOD), reduced glutathione (GSH) and MDA
contents were measured using commercial Biodiagnostic kits
and a spectrophotometer (Shimadzu, Japan).
Protein oxidation: Protein oxidation was assessed by
measuring the content of protein carbonyl (PrC) according to
Uchida and Stadtman11. The results were expressed as µmol of
2,4-DNPH-incorporated mgG1 protein based on a molar
extinction coefficient of 2.1×104 MG1 cmG1 for aliphatic
hydrazones.
Hemoglobin and protein determination: The hemolysis
process of erythrocytes was monitored by hemoglobin (Hb)
release. After incubation time periods, 50 mL of cell
suspension was added to 1 mL of PBS and centrifuged
(1000 g, 7 min). The Hb content of supernatants was
measured by absorbance at 540 nm using the Varian Cary
50 UV-vis spectrophotometer. Total Protein (TP) concentration
in the hemolysate was determined by standard kits as
described by the manufacturer companies.
Measurement of ATP content in hemolysate: The procedure
for measurement of ATP content released extracellular in the
hemolysate was measured according to the method of
Adams12. Then ATP expressed as µmol gG1 Hb.

Table 1: Effects of resveratrol incubated in rabbit erythrocyte on antioxidant indices and lipid and protein peroxidation in experiment 1
Resveratrol supplementation (µM)
p-value*
------------------------------------------------------------------------------------------------------------------- --------Linear
Quadratic
Parameters
Control
25
50
75
100
SEM#
Antioxidant indices
CAT (IU gG1 Hb)
SOD (IU gG1 Hb)
GSH (µmol gG1 Hb)
Lipid and protein peroxidation

1465
879
3.94

1500
895
4.39

1521
915
5.31

2.10
2.06
1.75
MDA (µmol gG1 Hb)
5.70
5.11
4.15
PrC (µmol gG1 Hb)
#
SEM: Standard error means, *Linear and quadratic effect of RES supplementation

3

1593
1007
5.89

1623
1074
6.06

12.30
15.29
0.17

<0.001
<0.001
<0.001

0.122
<0.001
0.002

1.51
3.82

1.20
3.17

0.07
0.18

<0.001
<0.001

0.016
<0.001
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Table 2: Effects of resveratrol incubated in rabbit erythrocyte on hemolysis parameters in experiment 1

Hemolysis parameters

Resveratrol supplementation (µM)

p-value*

---------------------------------------------------------------------

------------------------------------- -----------------------

Control

25

50

75

100

SEM#

Linear

Quadratic

ATP (µmol gG Hb)

4.62

4.62

3.87

3.21

2.98

0.14

<0.001

0.020

TP (g dLG1 hemolysate)

7.23

7.31

7.78

7.86

8.34

0.08

<0.001

0.028

Hb (g dLG1 hemolysate)

12.74

13.51

12.70

12.82

11.90

0.11

<0.001

<0.001

1

#

SEM: Standard error means, *Linear and quadratic effect of RES supplementation

Table 3: Effects of cinnamaldehyde incubated in rabbit erythrocyte on antioxidant indices and lipid and protein peroxidation in experiment 2

Parameters

Resveratrol supplementation (µM)

p-value*

----------------------------------------------------------------

------------------------------------------------------------

Control

25

50

75

100

SEM#

Linear

Quadratic

Antioxidant indices
CAT (IU gG1 Hb)

1490

1515

1570

1643

1713

18.48

<0.001

0.123

SOD (IU gG1 Hb)

860

912

1116

1237

1273

33.22

<0.001

<0.001

GSH (µmol gG1 Hb)

3.84

4.92

5.76

6.35

7.03

0.22

<0.001

<0.001

MDA (µmol gG1 Hb)

2.20

1.88

1.44

1.06

0.92

0.09

<0.001

0.078

PrC (µmol gG1 Hb)

5.84

4.51

3.77

3.17

2.83

0.21

<0.001

<0.001

Lipid and protein peroxidation

#

SEM: Standard error means, *Linear and quadratic effect of CIN supplementation

Table 4: Effects of cinnamaldehyde incubated in rabbit erythrocyte on hemolysis parameters in experiment 2
Cinnamaldehydel supplementation (µM)

p-value*

---------------------------------------------------------------------

-------------------------------------------- ----------------

Hemolysis parameters

Control

25

50

75

100

SEM#

Linear

Quadratic

ATP (µmol gG1 Hb)

4.63

4.04

3.53

3.15

3.11

0.11

<0.001

<0.001

TP (g dLG1 hemolysate)

7.18

7.95

8.31

8.70

8.84

0.11

<0.001

<0.001

Hb (g dLG1 hemolysate)

12.69

12.75

11.94

11.16

11.05

0.15

<0.001

0.661

#

SEM: Standard error means, *Linear and quadratic effect of CIN supplementation

The MDA and PrC content were linearly (p<0.001) and

achieved by 100 µM of RES supplementation. The TP
(p<0.001) and

quadratically (p = 0.078 or <0.001, respectively) decreased

quadratically (p = 0.028) elevated by increasing the level of

with increasing the concentration of CIN (Table 3). Since, the

content

in

hemolysate

was

linearly
1

RES to record the highest value (8.34 g dLG hemolysate) at

lowest MDA and PrC concentrations obtained with 100 µM of

100 µM of RES compared to control (7.23 g dLG1 hemolysate)

CIN (0.92 and 2.83 µmol gG1 Hb) compared to untreated group

or other treatments. The Hb content was linearly and

(2.10 and 5.70 µmol gG1 Hb) respectively and compared to the

quadratically (p<0.001) affected by RES supplementation. The

other treated groups.

highest Hb content (13.51 g Hb dLG1 hemolysate) was

In Table 4, CIN addition to rabbit erythrocytes evoked a

obtained with 25 µM of RES compared to the control and

significant quadratic and linear decrease in ATP content

other treated groups.

(p<0.001), compared with the non-supplemented group.
The lowest value (3.11 µmol gG1 Hb) of ATP was recorded by

Experiment 2: The influences of CIN at different doses on

100 µM of CIN supplementation. The concentration of TP in

antioxidant defense system in the erythrocytes hemolysate are

hemolysate was linearly and quadratically (p<0.001) increased

represented in Table 3. The CIN supplementation improved

with increasing the concentration of CIN to record the

the activities of SOD and CAT and concentration of GSH

highest value (8.84 g dLG1 hemolysate) at 100 µM after 3 h of

compared to the control group. The CAT activity was linearly

incubation comparing with control group (7.23 g dLG1

(p<0.001) increased when CIN concentration increased from

hemolysate) or other treatments. The Hb level was statistically

0-100 µM. Activity of SOD and GSH content were linearly

(linearly, p = 0.022) reduced with CIN addition by 50, 75 and

and quadratically (p<0.001) increased with increasing the

100 µM in comparison with control or 25 µM of CIN.

levels of CIN from 0-100 µM, where 100 µM increased the
Experiment 3: The effects of RES+CIN on antioxidant

activity of SOD and the GSH level to be (1273 IU gG1 Hb and
1

1

7.03 µmol gG Hb) compared to control value (879 IU gG Hb

parameters in rabbit erythrocyte are summarized in Table 5.

and 3.94 µmol gG1 Hb), respectively.

RES+CIN supplementation improved the activities of CAT and
4
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Table 5: Combined effect of resveratrol (RES) and cinnamaldehyde (CIN) incubated in rabbit erythrocyte on antioxidant indices and lipid and protein peroxidation in
experiment 3

Parameters

RES+CIN supplementation (µM)

p-value*

---------------------------------------------------------------------

-------------------------------- ----------------------------

Control

100

SEM#

Linear

25

50

75

Quadratic

Antioxidant indices
CAT (IU gG1 Hb)

1480

1640

1775

1958

2024

41.98

<0.001

SOD (IU gG1 Hb)

890

1268

1373

1478

1609

50.77

<0.001

<0.001

GSH (µmol gG1 Hb)

4.00

4.93

6.47

7.27

7.87

0.29

<0.001

<0.001

<0.001

Lipid and protein peroxidation
MDA (µmol gG1 Hb)

2.15

1.81

0.96

0.75

0.54

0.12

<0.001

<0.001

PrC (µmol gG1 Hb)

5.65

3.48

3.04

2.99

2.54

0.22

<0.001

<0.001

#

SEM: Standard error means, *Linear and quadratic effect of RES+CIN supplementation

Table 6: Combined effect of resveratrol (RES) and cinnamaldehyde (CIN) incubated in rabbit erythrocyte on hemolysis parameters in experiment 3
RES+CIN supplementation (µM)

p-value*

---------------------------------------------------------------------

------------------------------------------------------------

Hemolysis parameters

Control

25

50

75

100

SEM#

Linear

ATP (µmol gG1 Hb)

4.70

3.42

3.21

2.92

2.65

0.14

<0.001

<0.001

TP (g dLG1 hemolysate)

7.30

8.07

8.74

8.95

9.12

0.14

<0.001

<0.001

Hb (g dLG1 hemolysate)

12.85

11.88

11.10

10.88

10.05

0.19

<0.001

0.133

#

Quadratic

SEM: Standard error means, *Linear and quadratic effect of RES+CIN supplementation

(2.10 and 5.70 µmol gG1 Hb) respectively and compared to

activities and can induce apoptosis in cancer cells. In this
regard, the antioxidant and pro-oxidant properties of these
phytochemicals in animal feed should be considered with care
and their combined effect should be characterized with some
special interest. Therefore, in the current experiments we tried
to investigate the using of RES, CIN and RES+CIN in isolated
rabbit erythrocytes (as model for biological lipid membranes)
at different concentrations that could be helpful in improving
the actions of body cells without causing hazardous impacts.
In the current experiments, the most obvious findings are

other treated groups.

that the different doses of RES or CIN or their combinations

Table 6 shows the RES+CIN addition to rabbit
erythrocyte caused a significant linear and quadratic decrease
in ATP content (p<0.001), compared to un-supplemented
group. The lowest value (2.65 µmol gG1 Hb) of ATP was
recorded by 100 µM of RES+CIN supplementation. The
concentration of TP in hemolysate was linearly and
quadratically (p<0.001) elevated with increasing the
concentration of RES+CIN to achieve the highest value
(9.12 g dLG1 hemolysate) at 100 µM comparing with control
group (7.23 g dLG1 hemolysate) or other treatments. On the
contrary, Hb level was statistically (linearly, p<0.001) lowered
with RES+CIN addition compared to the control group.

(25, 50, 75 and 100 µM) displayed a positive effect on

SOD as well as GSH concentration compared to control group.
The CAT and SOD activities and GSH level were quadratically
and linearly (p<0.001) increased with increasing the
concentration of RES+CIN from 0-100 µM.
Linear

and

detected in MDA

quadratic

(p<0.001)

decrease

were

and PrC contents with increasing the

concentration of RES+CIN (Table 5). Since, the lowest
values of MDA and PrC obtained with 100 µM of RES+CIN
(0.54 and 2.54 µmol gG1 Hb) compared to untreated group

enhancing SOD and CAT activities as well as GSH and TP
concentrations after incubation with additives for 3 h. On
the contrary, increasing the concentrations of phytogenic
products

significantly

reduced

the

MDA

and

PrC

concentrations in addition to ATP and Hb contents of
erythrocytes suggesting the safety of these concentrations on
the lipid membrane of erythrocytes.
The results concerning the effects of RES on erythrocyte
antioxidant defense system could be explained by the
opinion of Lopez-Velez et al.14 who stated that resveratrol
could provide cell protection due to antioxidant capacity, it
could act directly as an effective eliminator of superoxide,
hydroxyl and metal-induced free radicals and through

DISCUSSION

balancing of hydroxyl phenolic groups. The other possible
mechanism involved in resveratrolʼs antioxidant activity is

Natural antioxidants and feed additives are reported
in some in vivo and in vitro studies to alleviate oxidative
stress and scavenging Reactive Oxygen Species (ROS)
however, these kinds of additives showed some pro-oxidant

increasing the antioxidant enzymes activities like CAT and
SOD,

glutathione

oxido-reductase as
5

S-transferase
described

and
by

NADPH quinine

Young et

al.15. In
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experiment 1, our results are also comparable with
Ungvari et al.16 who observed a free radical capturing effect of
1, 10 and 100 :M resveratrol in a cell-free assay. The
antioxidant impacts of resveratrol has been also reported by
Rubiolo and Vega17 in primary rat hepatocytes where
resveratrol decreases cell death for up to 24 h by enhancing
the activates of erythroid-derived nuclear factor, a key
transcription factor regulating the response of antioxidant.
Similarly, Sahin et al.1 pointed out that diet supplemented
with resveratrol decreased the level of MDA and increased the
enzyme activities such as CAT and SOD in the serum.
Resveratrol has been also suggested to exert its
antioxidant protection effects through decreasing the
generation of ROS as described in some previous studies
such as that of Li et al.18 in which pretreatment with
25-100 µM resveratrol for 72 h reduced accumulation of
ROS in the rat aortic smooth muscle cells in vitro. Similarly,
50 µM resveratrol protected primary cortical astrocyte cultures
from oxidative damage caused by H2O2 by inhibiting
intracellular ROS production19. Pre-incubation of the human
primary small airway epithelial and human alveolar
epithelial (A549) cells with 10 µM resveratrol for 24 h
decreased Cigarette Smoke Extract (CSE) induced generation
of ROS20. On the same context, pre-incubation of Human
Coronary Artery Endothelial Cells (HCAECs) with 10 and 50 µM
resveratrol for different periods (15 and 60 min, 6 h). Provide
an in vitro protection against oxidative-stress-induced by
H2O2 and decrease cell, indicating the free radical scavenging
capability of resveratrol21. Das22 found that resveratrol as a
natural antioxidant scavenges ROS and protects the organism
from oxidative stress where ROS can react with
macromolecules like nucleic acids, proteins and lipids
resulting in alterations in the structure and activity of
biologically relevant molecules causing cell damage. There are
some in vivo studies concerning the antioxidant activity of
resveratrol for example, the supplementation of resveratrol in
broiler diets helped in enhancing the oxidative enzymes
activities or improving the antioxidant status of the birds and
the total antioxidant capacity in plasma23. Such antioxidant
effects would be expected to improve the health of animal.
Additionally, supplementation of chickenʼs diet with
resveratrol resulted in a linear increase in serum GSH, growth
hormone and insulin-like growth factor-1 levels, in addition to
the activities of GSH-Px, SOD and CAT significantly decreased
the serum MDA concentration compared with chickens that
were fed diets without resveratrol during heat stress24. Our
results obtained from experiment 1 are also in agreement
with Mikstacka et al.25 where resveratrol prevented the
reduction in GSH content and reduced lipid peroxidation in

human erythrocytes in a concentration-dependent manner.
Brito et al.26 also stated that in vitro pre-incubation of bovine
aortic endothelial cells for 14 h with resveratrol at 50 µM
protects the cells from peroxynitrite-mediated cell death
via an elevation in the intracellular GSH. Resveratrol can also
act by reduction or prevention of the apolipoprotein B
peroxidation accompanied with low density lipoprotein27.
In a like manner, CIN enhanced the activities of SOD and
CAT as well as GSH concentration and significantly reduced
the MDA and PrC concentrations in a dose dependent manner
in the experiment 2. These findings are in agreement with
Subash-Babu et al.28 who demonstrated that cinnamaldehyde
enhances the activity of antioxidant defense system against
reactive oxygen species produced under hyperglycemic
conditions in animal providing protection to pancreatic $-cells.
These impacts may be returned to the ability of
cinnamaldehyde to act as a potential source of antioxidant
scavenging free radicals as it exhibited radical scavenging
activities in different in vitro models like DPPH, superoxide,
nitric oxide, H2O2 scavenging activity and reducing power29.
Cinnamaldehyde also exhibit strong antioxidant capacity to
scavenge free radicals of oxygen and lipids as reported by
Mathew and Abraham30.
The obtained improvement in SOD and CAT observed in
these studies after addition of RES and CIN separately or in
combination suggest their benefits in keeping the normal
physiological conditions of the erythrocytes that are required
for such enzymes to exert their free radical scavenging role in
eliminating ROS, therefore, protect the cells against oxidative
damage providing cell protection against oxidative stress as
stated by Evans and Halliwell31. It is well known that, the
antioxidant enzyme SOD is distributed widely in all cells and
high amount of it presents in erythrocytes32. The SOD protects
cell against oxidative damage by converting the highly
reactive superoxide anion to O2 and to a less reactive species33,
H2O2. While, CAT present in erythrocytes in the form of soluble
protein that protect hemoglobin from peroxidation as CAT is
required for inhibiting the formation of deleterious H2O2 in
cells34. So increasing their activities is suggestive for the
antioxidant properties of the different doses of phytochemical
additives.
Phytochemicals (RES and CIN) also induced elevation of
the GSH level which provide the primary antioxidant defense
for the stored erythrocytes, protect membrane lipids and
proteins and keep membrane skeleton stability and survival of
erythrocytes against peroxidative stress. It is also well
established that, in RBCs, GSH protects important proteins
against oxidation and that it is a vital sulfhydryl buffer,
maintaining SH groups in Hb and enzymes in the reduced
6
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state35. Oxidant scavenging at the intracellular level within the
cytosol appears to rely on reduced glutathione and
glutathione peroxidase for elimination of low micromolar
levels of lipid hydroperoxides and hydrogen peroxides36. The
GSH oxidation can be induced directly due to the attack of
free radicals or indirectly through consumption of GSH
during repair processes such as the reduction of oxidized
membrane-protein thiol groups37. Moreover, reduced
glutathione could bind with MDA and other deleterious
endogenous substances beside its crucial role in cellular
transformation9. This could explain the results of this study
concerning the impacts of RES and CIN or their combinations
on MDA concentration, where MDA concentration was
lowered with increasing the concentration of RES or CIN or
RES+CIN. Hence, lower level of this compound may improve
the steady state of antioxidant system in animal. The MDA,
the marker of LPO of erythrocytes is a highly reactive
bifunctional molecule, that cross-link erythrocyte proteins and
phospholipids to alter the functions of cell membrane leading
to decrease erythrocytic survival and has been proposed as a
general mechanism for cell injury and death i.e., induce
hemolysis38. This comes on line with the results obtained in
the present studies regarding the impact of RES and CIN on
Hb and ATP content of the hemolysate. The ATP is used
by erythrocytes to maintain membrane shape, control
deformation and maintain osmotic stability as well as
sub-membrane skeletal-network proteins36. The basal
stimulated ATP-release in the present studies found to be
correlated tightly with extracellular hemoglobin, a marker of
hemolysis. This is in agreement with Sikora et al.39 who
demonstrated that the source of extracellular ATP was cell
lysis. These closely related effects could be observed by the
opinion of Banerjee et al.40 who stated that as a result of LPO,
the erythrocyte membrane becomes weak and loses its
integrity rapidly leading to Hb release. The present findings
supported those of May41 that cell membrane is often the
initial site of injury and peroxidation of membrane lipids
causes hemolysis and alter the protein and lipid content to
different extents.
Erythrocyte SOD contains copper and zinc (CuZn-SOD).
Zinc keeps the stability of the enzyme, while copper maintains
its activity35. The interaction between MDA and CuZn-SOD
leads to the modi cation of histidine amino acid residues and
the production of protein-protein cross-linked derivatives as
a result each type of ROS gives a different protein oxidation
pattern42. This could explain the generation of protein
carbonyl derivatives which may be the main cause of the
reduced protein content of the rabbit erythrocytes after
incubation with RES or CIN or their combinations on a
dose-dependent manner.

CONCLUSION
The impacts noted in experiments indicated that RES, CIN
or RES+CIN as natural phytogenic additives could be helpful
in improving the function of the body cells without causing
hazardous effects and efficiently protect the cells against
oxidative injury when used at concentrations up to 100 µM
and found to have synergistic effects (Experiment 3). These
findings may be attributed to the possibility of these types
of phytochemicals to improve the antioxidant indices (CAT,
SOD and GSH) as well as TP and Hb contents. In addition,
phytogenic products supplementation to rabbit erythrocyte
resulted in a significant decrease in LPO, PO and ATP contents,
compared with the un-supplemented group suggesting their
role in eliminating ROS that is considered to play a critical role
in lipid peroxidation, ageing and the peroxidative hemolysis.
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