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Caffeic acid phenethyl ester decreases oxidative stress index in blunt

spinal cord injury in rats
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Objective: The aim of this study was to investigate the total oxidant status and total antioxidant status of
caffeic acid phenethyl ester and methylprednisolone in blunt spinal cord injury in rats. Methods: Twenty-
four adult Wistar albino rats were randomised into three groups. Spinal cord injury was performed by the
weight-drop model. Group 1 underwent laminectomy followed by spinal cord injury and received no
medication (control group). Group 2 underwent laminectomy followed by spinal cord injury and received
caffeic acid phenethyl ester (10 umol/kg) by intraperitoneal injection. Group 3 underwent laminectomy
followed by spinal cord injury and received methylprednisolone (30 mg/kg) by intraperitoneal injection.
Twenty-four hours later, all rats were sacrified and after that total oxidant status, total antioxidant status
and oxidative stress index levels were determined in spinal cord tissues and the obtained results were compared.
Results: The highest total antioxidant status level was observed in the caffeic acid phenethyl ester group and
the highest total oxidant status level was observed in the control group. Oxidative stress index levels in the
control group were statistically higher than the caffeic acid phenethyl ester and methylprednisolone groups
(p<0.01).Conclusion: Based on our results, it is concluded that caffeic acid phenethyl ester might be a
promising neuroprotective agent after spinal cord injury via its antioxidant effects. (Hong Kong j.emerg.med.
2010;17:250-255)
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Introduction

Spinal cord injury (SCI) is still a major public health
problem.! The pathophysiology of acute SCI involves
a complex cascade of secondary neurodegenerative
events including oxidative stress, initiated by the

primary injury.>?

Caffeic acid phenethyl ester (CAPE), one of the major
components of honeybee propolis, was recently found
to be a potent free radical scavenger and antioxidant,
and is used in folk medicine.*® CAPE inhibits
5-lipooxygenase-catalysed oxygenation of linoleic acid
and arachidonic acid in the micromolar concentration
range. At a concentration of 10 UM, it completely
blocks production of reactive oxygen species (ROS) in
human neutrophils and the xanthine/xanthine oxidase
system. Previous studies have demonstrated that CAPE
also exhibits antioxidant property as well as anti-
inflammatory, cytostatic, antiviral, antibacterial and

antifungal properties.’”

The objective of our study was to investigate the effects
of CAPE on total antioxidant status (TAS), total
oxidant status (TOS), oxidative stress index (OSI) levels
in blunt spinal cord injury in rats. We also aimed to
compare the effects of CAPE with methylprednisolone
(MP).

Methods

Twenty-four male Wistar albino rats (270-300 g) were
used in the study. All the protocols were approved by
the institutional animal ethics committee. The rats in
each group were kept in separate cages in rooms with
controlled light and temperature and were fed standard
chow and water ad libitum. The animals were
anesthetized by an intraperitoneal injection of
10 mg/kg xylazine (Rompun, Bayer Turk Kimya
Sanayii Limited Sirketi, Istanbul, Turkey) and 50 mg/
kg ketamine hydrochloride (Ketalar, Pfizer Ilaclar
Limited Sirketi, Istanbul, Turkey). Rats were positioned
on a thermistor-controlled heating pad in the prone
position and a rectal probe was inserted. Surgical
procedures were performed under sterile conditions

with the assistance of a surgical microscope. Following
a'T5-12 midline skin incision and paravertebral muscle
dissection, the spinous processes and laminar arcs of
T7-10 were removed. The dura was left intact. Weight-
drop model was performed for SCL.>® The animals were
subjected to an impact of 50 g/cm to the dorsal surface
of the spinal cord. The force was applied via a stainless
steel rod (3-mm diameter tip, weighing 5 g) that was
round at the surface. The rod was dropped vertically
through a 10-cm guide tube that was positioned
perpendicular to the centre of the spinal cord.
Afterwards, the muscles and the incision were sutured
with 6-0 polyglactin-910 sutures (Vicryl, Ethicon,
Johnson & Johnson International, Lanneke Marelaan,
Belgium).

The rats were randomised into three groups each
having 8 rats. Caffeic acid phenethyl ester was
synthesized in the physico-chemistry laboratory using
the technique described by Grunberger to prepare
25 umol/ml of CAPE solution.” Group 1 underwent
laminectomy followed by SCI and received no
medication (control group). Group 2 underwent
laminectomy followed by SCI and received CAPE
10 umol/kg by intraperitoneal injection.* Group 3
underwent laminectomy followed by SCI and received
MP (Prednol-L, Mustafa Nevzat Ilac Sanayi Anonim
Sirketi, Istanbul, Turkey) by intraperitoneal injection
at a single dose of 30 mg/kg. Following the surgical
procedure, the rats were placed in a warming chamber
and their body temperatures were maintained at
approximately 37°C until they were completely awake.
In the early postoperative period, the rats received
3 ml of saline by intraperitoneal injection to
compensate for the blood loss during the surgical
procedure, while water intake was limited.

Biochemical analysis

All the rats were sacrificed for biochemical analysis at
24 hours after SCI. The exposed spinal cord segments
and meninges were removed. The samples were
immediately frozen and stored in a -20°C freezer for
assays of TAS and TOS levels.

After homogenisation in phosphate buffer (in a ratio
of 1/10, pH 7.4), tissue samples were centrifuged at
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5000xg for 15 min at 4°C. The TAS of the samples
was determined using a novel automated measurement
method developed by Erel.'’ In this method, hydroxyl
radical, which is the most potent biological radical, is
produced. In the assay, ferrous ion solution which is
present in Reagent 1, is mixed with hydrogen peroxide
which is present in Reagent 2. The sequentially
produced radicals such as brown-coloured dianisidinyl
radical cation, produced by the hydroxyl radical, are
also potent radicals. Using this method, the
antioxidative effect of the sample against the potent
free radical reaction, which is initiated by the produced
hydroxyl radical, is measured. The protein content of
the supernatants was determined using Lowry's
method."" The results were expressed as nmol Trolox
Eqv/mg protein. The TOS levels of the tissue samples
were determined using a novel automated measurement
method developed by Erel.'? Tissue samples were
homogenised in a ratio of 1/10 in phosphate buffer
(pH 7.4) and centrifuged at 5000xg for 15 min at
4°C. The supernatant was carefully separated and used
for the assay. Oxidants present in the sample oxidize
the ferrous ion-o-dianisidine complex to ferric ion. The
oxidation reaction is enhanced by glycerol molecules,
which are abundantly present in the reaction medium.
The ferric ion makes a coloured complex with xylenol
orange in an acidic medium. The colour intensity,
which can be measured spectrophotometrically, is
related to the total amount of oxidant molecules
present in the sample. The assay is calibrated with
hydrogen peroxide and the results are expressed in
terms of nmol H O, Eqv/mg protein. The percent ratio
of TOS to TAS was accepted as the oxidative stress
index (OSI). The OSI value was calculated according
to the following formula:'

OSI (arbitrary unit) = [TOS (umol H,O, Eqv/) /
TAS (umol Trolox Eqv/1)] x 100.

Statistical analysis

For statistical evaluation, we used the software package
SPSS 15.0 and probability value of less than 0.05 was
accepted as statistically significant. As the data were
normally distributed and independent, statistical
analysis was performed using analysis of variance
(ANOVA) followed by Tukey test when comparing
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groups. The results are given as the meantstandard
deviation of the mean (SD).

Results

The highest TAS level was observed in the CAPE group
(Figure 1) and the highest TOS level was observed in
control group (Figure 2). OSI levels in the control
group were statistically higher than the CAPE and MP
groups (p<0.01) (Figure 3).

The TAS, TOS and OSI levels for all groups are shown
as mean+SD in Table 1.

Discussion

In our study, treatment of rats with CAPE (10 pmol/kg)
and MP significantly decreased OSI in SCI.

Measurement of TAS provides information about the
antioxidant capacity of the organism." TOS reflects
present oxidative status. The percent ratio of TOS to

28
26 1 —|— _|_
T o4 -
@ 24
=)
£ o T
E
3— 20 1
L
=
o
S 181
'_
©
E 16 1
=
2 1
< 141
12 T T T
control CAPE  methylprednisclone
GROUPS
CAPE=caffeic acid phenethyl ester

Figure 1. Total antioxidant status (TAS) levels in different

groups.



Sahin Kavakli et al./Caffeic acid phenethyl ester in spinal cord injury 253

0.5

0.4 1

€

8

o

j= N

o

£ —_—

=

o

w 034

ON —_—

i

[}

£

a—j’ 0.2 1

(@] — e

P

0-1 T T T
control CAPE  methylprednisolone

GROUPS

CAPE=caffeic acid phenethyl ester

2.0

1.6 1

1.4

1.2 1

OSI (arbitrary unit)

0.81 L

0.6

con.trol CA;3E methylprédnisolone
GROUPS
CAPE=caffeic acid phenethyl ester

Figure 2. Total oxidant status (TOS) levels in different groups.

Figure 3. Oxidative stress index (OSI) levels in different groups.

Table 1. Total antioxidant status (TAS), total oxidant status (TOS), and oxidative stress index (OSI) levels (mean+SD)

TAS (nmol Trolox Eqv/mg protein)

TOS (nmol H,0, Eqv/mg protein)

OSI (arbitrary unit) *

Group 1 (control) 21.13+4.89
Group 2 (CAPE) 23.81£1.80
Group 3 (MP) 21.52+1.41

0.31£0.08 1.83+0.09
0.23%0.05 1.01£0.25
0.2240.04 1.02+0.22

*P values: Group 1 and Group 2, p<0.001; Group 1 and Group 3, p<0.001

CAPE=caffeic acid phenethyl ester; MP=methyprednisolone.

TAS was accepted as the OSI as an indicator of the

degree of oxidative stress."

SCI is a very destructive process for both patients and
society and no satisfactory treatment is available at
present.” CAPE prevents lipid peroxidation induced
by injury and has a potent antioxidant property and
ROS-scavenging capabilities.'

In our study, alterations in the state of oxidative stress
were determined by measuring the spinal cord tissue
TAS, TOS and OSI. Oxidants and antioxidants have
additive effects. Although the concentration of oxidant
and antioxidant components can be measured
individually, these measurements are time and cost
consuming and require sophisticated systems. In
addition, it may not accurately reflect the TAS and

TOS." Thus, we measured the total oxidants and

antioxidants.

Spinal cord trauma results in rapid and extensive
oxidative stress.'® It has long been established
that oxidative stress plays a critical role in the
pathophysiology of spinal cord injury, and represents
an important target of therapeutic intervention
following the initial trauma." Decreasing the level of
oxidative stress will minimise secondary destruction
after traumatic injury.?® Although it is difficult to limit
the primary injury, there is increasing evidence on the
possibility of lowering the impact of secondary injury,
using pharmacological strategies.?!

Several studies have demonstrated that SCI initiates
systemic inflammatory reactions, ROS and finally leads
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to peroxidation. The underlying mechanism of
this event is the deformation of cell membrane
phospholipids by oxidizing radicals. Cell membranes
are rich sources of polyunsaturated fatty acids (PUFAs).
The oxidative destruction of PUFAs is known as lipid
peroxidation which causes tissue injury. An intense
affiliation has been demonstrated between the quantity
of lipid peroxidation and the degree of SCI. ROS are
produced constantly in cells with normal metabolism.
On the other hand, cells are able to defend themselves
from the destructive potential of oxygen radicals in
normal physiologic condition by way of their own
antioxidant mechanisms including enzyme systems,
vitamins, elements, and some antioxidant molecules.
There is an exquisite balance between production and
destruction of ROS. When this equilibrium is
destroyed, ROS are produced excessively and all tissues
are exposed to oxidative injury.?? Lipid peroxidation
products increase immediately after SCI and the peak
concentrations of reactive oxygen and nitrogen species
occur within the first 24 hours.? Antioxidant defence
mechanisms are important to prevent the potential
harmful effects of oxidative stress.? Much experimental
and clinical research have focused on oxidative stress
mechanisms in an effort to improve neurological

outcome following SCI.

In 1990 the results of the Second National Acute Spinal
Cord Injury Study (NASCIS II) were published, which
showed that the administration of a high-dose regimen
of the glucocorticoid steroid MP, which had been
previously shown to inhibit post-traumatic lipid
peroxidation in animal models of SCI, could improve
neurological recovery in spinal cord-injured humans.
This resulted in this treatment quickly became the
standard of care for acute SCI in many countries. In
recent years, the use of high-dose MP in acute SCI has
become controversial largely on the basis of the risk of
serious adverse effects versus what is perceived to
be on average a modest neurological benefit.
Subsequently, it has been demonstrated that CAPE
may be an available agent to protect the spinal cord
from ischemia-reperfusion injury in rabbits.> Our
results suggested that CAPE might have promising
neuroprotective effects in spinal cord-injured humans
that could either replace or be used in combination
with high-dose MP. CAPE is an active component of
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honeybee propolis extracts and has been used in
traditional medicine for many years. For this study we
used CAPE synthesized by Dr Ilhan® from bees of our
region. Recent studies have shown that CAPE has anti-
inflammatory, antioxidant, immunomodulatory,
antimitotic and anticarcinogenic properties.”** Up to
now, there is no documented harmful effects of CAPE
on normal cells.”? We hypothesized that CAPE would
effectively protect spinal cord by its antioxidant effects
on spinal cord injury. Our results demonstrate that
CAPE will be able to reduce the damage to rat spinal
cord injury. Although CAPE has potent antioxidant
property, its effects on TOS, TAS and OSI in SCI
have not been investigated to date. In our study, CAPE
treatment in SCI decreased OSI compared to the
control group, statistically. There were no statistical
differences between the CAPE and MP groups.

All of these findings suggest that CAPE and MP
provide neuroprotection against SCI through their

antioxidant action.
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