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Abstract
At present, spinal cord injury has
been regarded as one of the challenges in
this decade, as a chance to heal is very little
and has limitation of treatment. According
to this fact, the present study interested to
use corn cobs, the agro waste, as it contains
flavonoid compounds and has anti-oxidants
effect, together with transdermal delivery
system via polymer based nanofiber. The
objective of the present study aimed to
test the efficacy of polymer based nanofiber
transdermal patch loaded with purple corn
cob extract on the motor recovery following
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traumatic injury. Male Wistar rats, weighing
180-220 g, were induced injury at spinal
cord level of T10. The assessments of spinal
cord recovery were performed by using
Basso, Beattie and Bresnahan (BBB) and
gross motor score at 3, 7, 14, 21 and 28 days
of treatment with polymer based nanofiber
transdermal patch loaded with purple corn
cob extract. At the end of study, the density
of survival neurons, oxidative stress and
cyclooxygenase -2 (COX-2) activities in spinal
cord were also determined. The results
showed that rats with spinal cord injury
which received polymer based nanofiber
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transdermal patch loaded with purple corn
cob extract at concentrations of 5% and
10% improved BBB score and gross motor
score. Moreover, spinal cord injury rats
which received polymer based nanofiber
transdermal patch loaded with purple corn
cob extract the density of motor neurons,
superoxide dismutase (SOD) and catalase
(CAT) increased but malondialdehyde
(MDA) decreased. In addition, spinal cord
injury rats which received polymer based
nanofiber transdermal patch loaded with
purple corn cob extract showed the reduction
of COX-2 activity. In summary, polymer
based nanofiber transdermal patch loaded
with purple corn cob extract has the potential
to facilitate motor recovery after injury.
The possible underlying mechanisms may
occur via the decreased inflammation and
decreased oxidative stress in spinal cord.
Key word: spinal cord injury, purple
corn, nanofiber, transdermal, oxidative
stress, anti-cox2

Introduction
Nowadays, the incidence of spinal
cord injury has increased worldwide. The
leading causes of traumatic spinal cord injuries
usually caused by motor vehicle or traffic

accidents (Cripps et al., 2011; Kovindha,
Attawong, Rukpongasoke, Buagnern, &
Sujichai, 2008). Traumatic spinal cord injury
is required emergency neurosurgery to
reduce the problems from cord compression,
because cord compression could be very
fatal and may lead to disability. Injury to the
spinal cord, often have difficulty recovering
due to the loss of nerve cells that send
the signal to the target organs and cannot
regenerate nerve (axon regeneration) to
control the target organs. Moreover, the
formation of scar tissue near the nerve root
(epidural fibrosis) is a common occurrence
after spinal surgery and subsequently
patients usually have experienced continued
pain after surgery. This is also known as
failed back syndrome (Aldrete, 1995) such
condition and the speed of recovery of
the spinal cord are a common challenge
nowadays. Moreover, it is generally known
that after spinal cord injury the production
of free radicals increased, excitatory
neurotransmitters excessive released and
inflammatory reactions occurred. Thus, at
the present only dexamethasone, a steroid
drug, that has been used to treat spinal
cord injury as it has anti-inflammatory and
immunosuppressant effects, however many
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side effects are also reported. According to
these facts, the present study interested
to develop the health product to deliver
substance that has anti-inflammatory and
anti-oxidant effects via transdermal route
to reduce neuronal damage and enhance
functional recovery with fewer side effects.
This idea based on many recent studies that
using the extracts from plants and animals
that rich in antioxidants such as flavonoid
for spinal cord injury treatment (Jian et
al., 2015; Cho, Shi, & Borgens, 2010; Dai,
Tanaka, Huang, & Hamblin, 2011). Previous
study reported that quercetin, a flavonoid
that found in fruits and vegetables, can
accelerate the recovery of spinal cord
injury. The researchers reported that spinal
cord injury rats that received quercetin 20
micromoles/kg BW injected intraperitoneal
twice a day for 3-10 days, about 50% of
experimental animal recovery from the
injury and could walk (Schültke, Kamencic,
Skihar, Griebel & Juurlink, 2010). Moreover,
Wattanathorn et al. (unpublished data)
demonstrated that in the experimental
animals that treated with quercetin 300 mg/
kg BW via oral route, one daily or treated with
1% quercetin polymer based nanofiber patch
could accelerate recovery of nerve function
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after nerve injury. The administration
of quercetin via transdermal route could
reduce the active substance down about
100 times.
Corn is the third important grains in
the world, besides wheat and rice. Corn silk
and corn cob processes many health benefit
properties such as corn cob has properties
to reduce swelling, diuretic effect, anti-diarrhea,
reduce numbness and enhance healing
while corn silk has properties to reduce
swelling, reduce numbness, anti-diabetes,
relieve stress, anxiety and confusion in the
elderly and anti-memory impairment and
tonic for peri-menopause. Moreover, recent
studies found that corn cob and corn silk
contain quercetin (Sultana, Anwar, Asi &
Chata, 2008; Lin, Chu, Tian & Ye, 2007).
Thus, corn cob may contribute the potential
effect to reduce the severity of spinal cord
injury and enhance functional recovery in
rat spinal cord injury model as it has high
antioxidant. However, at present, there is
little use of this material and there is no
scientific evidence to support such use.
Purple corn, Zea mays Linn (Hybrids), is an
interesting plant. Recent research revealed
that purple corn extract contains eight
phenolic compounds including chlorogenic
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acid, caffeic acid, rutin, ferulic acid, morin,
quercetin, naringenin, and kaempferol
(Ramos-Escudero et al, 2012). Moreover,
the purple corn extract exhibited in vitro
antioxidant activity with the decreased
MDA formation and increase in activity of
endogenous antioxidant enzymes (CAT,
TPX, and SOD) activities observed in the
isolated mouse organs (Ramos-Escudero
et al, 2012). Purple corn also contains
vitamin B 3 (B3), vitamin E (E), omega-6 and
9 (Omega 6 and 9).
Transdermal drug delivery is one
of the routes to deliver active substance
through the skin and into the bloodstream
by placing a patch containing active
substance on the skin to deliver a specific
dose of active substance via skin into the
blood stream. This drug delivery system has
advantages as it reduced the destruction
of active substances in GI tract from
acidic condition in stomach or from various
enzymes and also to avoid the first-pass
metabolism in the liver which may be
substitute the oral route or iv of substance
administration. At present, transdermal
patch and transmucosal patch are widely
available for medical uses, such as patches
containing medicines to lower blood

pressure, pain killer, contraception, memory
enhancer, to treat Parkinson’s Disease,
patches contains hormones and patches
used in cosmetics to reduce wrinkles. In
2009, it had been reported that the market
for the transdermal products was about 5.6
billion baht and it is likely to grow bigger.
There are many previous studies showed
potential and successful of nanofiber patch
loaded drug or antioxidant in various
animal models, such as cognitive enhancer
(Pangpookiew et.al 2012), anti-diabetic
drug (Sharma et.al 2013), wound healing
(Kataria et.al 2014) and spinal cord injury
(Zhu et.al 2010).
Currently, most of transdermal
patches and transmucosal patches were
developed from polymers and nanofibers
to deliver active substances. The tendency
of the requirement for polymer based
nanofiber patch that reusable and natural
degradable materials become larger (Cleary
& Beskar, 2004). Thus the present study aims
to develop purple corn cob extract- loaded
nanofiber patch and to study its potential
to improve motor functional recovery after
spinal cord injury.
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Materials and Methods
Experimental animals
Male Wistar rats, age 8 weeks, were
used in this experiment. The weights of the
experimental animals on the first day were
250-300 grams. The rats were obtained from
National Laboratory Animal Centre, Salaya,
Thailand. They were maintained in 12:12
hours light: dark cycle and given food and
water ad libitum. The experimental protocols were reviewed and approved by the
Animal Ethics Committee of Khon Kaen
University, based on the Ethic of Animal
Experimentation of National Research
Council of Thailand (AEMDKKU001/2557).
Surgical procedure for contusion
spinal cord injury animal model
The method of contusion animal
model based on the method of Roussos et
al., 2005 as briefly describe here. Adult male
Wistar rat weight 200-250 g was anesthetized
with Pentobarbital Sodium (50 mg/kg BW).
Rat was placed prone; then using standard
procedure to expose T9-T11 vertebrae
then T9 –T10 laminectomy surgeries were
done to expose spinal cord. After that the
calibrated arterial forceps were using to
crush the spinal cord at T10 for 15 second,
this arterial forceps could deliver a closing
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force of 50 g. The surgical area was closed
and cared the surgical area. All rats were
received 1 ml of lactate Ringer’s solution
and 0.9 NSS 1 ml (Joshua et al., 2009) via
subcutaneous injection to replace blood lost
during surgery. During the first 3 days after
SCI induction animals might develop these
following symptoms hemorrhage, edema,
gas in the bowel and urinary problems.
Thus, analgesic Tramadol 10/kg BW, SC,
and the antibiotic Tetracycline 50 mg/kg
BW, SC, were injected every 12 hours for
3 days. The animals were singly housed
in standard metal cages in a temperaturecontrolled room. The bladders of the animals
were manually voided three times a day
until the rats were able to regain normal
bladder function (Genovese et al., 2006;
Onifer et al., 2007; Roussos et al., 2005).
Experimental design
Thirty–six male Wistar rats 250 – 300 g
were divided into 6 major groups. The first
one is the sham group, rats were received
surgical procedure except that the spinal
cord injury was not applied. Group two is
the spinal cord injury (SCI) group, rats were
subjected to SCI and received no treatment.
Group three is SCI and dexamethasone
treatment group, the rats in this group were
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received Dexamethasone via Oral route for
14 days. Group four to Six were SCI plus
zein nanofiber patch treatment group, SCI
plus 5%, and 10% PPCE- nanofiber patch
treatment group, respectively. The patch
was daily changed for 30 days. The functional
recovery was assessed via Basso, Beattie,
and Bresnahan (BBB) locomotor rating scale,
gross motor score tests on the 3rd, 7th, 14th,
21th and 28th day after treatment. The rats
were terminated at day 30, spinal cords were
dissected out and kept at -80 °C. Spinal
cord were used for biochemical assays
including malondialdehyde (MDA) level,
superoxide dismutase (SOD) activity, catalase
(CAT) activity, glutathione peroxidase
(GSH-Px) activity and anti-COX-2 activity.
The Basso, Beattie, Bresnahan (BBB)
Test
Each rat was placed in an 80x80x30
cm3 clear box. Locomotor activity was
evaluated at 3, 7, 14, 21 and 28 days post-injury,
using the BBB scores, which measured the
locomotor ability for 4 min. Their movement
was video-recorded by three digital cameras
operating simultaneously. Identical copies
of the edited videos were given to four
independent evaluators who were blinded
with regards to the degree of injury severity.

Each evaluator made a determination of
the locomotors capacity of the rats using
the Basso, Beattie, Bresnahan functional
scale (Barros Filho & Molina, 2008). Early
Stage (score of 0 - 7): Composed of isolated
joint movements with little or no hindlimb
movement. Intermediate Stage (score of 8
- 13): Intervals of uncoordinated stepping.
Late Stage (score of 14 - 21): Forelimb and
hindlimb coordination.
Locomotor Testing Gross Motor
Score
Walking pattern and spontaneous
activities of rats were observed in a large
open field at ground level. The functional
status of hind limbs movements during
locomotion was assessed at weekly
intervals post operatively (Apichaya, 2012).
Gross motor score was evaluated at 3, 7, 14,
21 and 28 days post-injury details; Score 0
is No movement in hind limbs, no weight
bearing whereas, Score 10 is Normal
walking (near normal)
Superoxide dismutase (SOD) activity
The spinal cord samples were
removed from the -80 ° C freezer, rinsed
with ice-cold phosphate-buffered saline
(PBS), and wiped with filter paper. The
spinal dura mater was removed, weighed,
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mixed with normal saline at a mass volume
ratio of 1:9 for homogenization in an ice
bath, and centrifuged. The supernatant
was harvested for analysis. Superoxide
dismutase (SOD) activity was estimated
by using the method of (Assady, Farahnak,
Golestani, & Esharghian, 2011) based on
as the inhibition of the rate of reduction of
cytochrome C by the superoxide radical,
which was observed at 550 nm. The
superoxide dismutase solution was used as
a standard enzyme activity. The standard
curve was plotted as percentage inhibition
against the SOD activity. One unit activity is
defined as the amount of enzyme necessary
to inhibit the rate of reduction of cytochrome
C by 50% in the coupled system using
xanthine-xanthine oxidase at pH 7.8 at 25
o
C. The data was presented in units of SOD
activity per mg protein.
Catalase (CAT) activity
The spinal cord samples were
homogenized in 1/5 (w/v) PBS containing
a protease inhibitor cocktail. Homogenates
were centrifuged at 8000x g for 10 minutes
to obtain the supernatant. Supernatant
aliquots were used to determine brain
catalase (CAT) and protein contents.
Catalase (CAT) activity was estimated
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by method of (Sutalangka, Wattanathorn,
Muchimapura, & Thukham-mee, 2013). The
enzyme samples or the standard enzyme
solution was allowed to react with hydrogen
peroxide for one minute. The reaction was
then stopped by a sulfuric acid solution.
A potassium permanganate was next
added to the mixture and allowed to react
with the excess peroxide, which was not
decomposed by catalase. After the addition
of permanganate, the excess permanganate
from the reaction with peroxide was
determined photometrically at 515 nm. The
standard curve was plotted as the A515 nm
against the catalase activity. The data was
reported in units of catalase per mg protein.
Glutathione peroxidase (GSH-Px)
activity
The spinal cord samples were
homogenized in 4% PBS Glutathione
peroxidase (GPx) activity was measured
follow by the method of Wendel (1981) based
on that the activity was measured indirectly
by a coupled reaction with glutathione
reductase. Oxidized glutathione, produced
upon reduction of hydrogen peroxide by
glutathione peroxidase, was recycled to
its reduced state by glutathione reductase
and NADPH. The oxidation of NADPH to
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NADP+ was accompanied by a decrease in
absorbance at 340 nm. The rate of decrease
in the A340nm was directly proportional to
the glutathione peroxidase activity. The
glutathione peroxidase solution was used
as a standard enzyme activity. The standard
curve was plotted as the rate of A340nm
per minute against the GPx activity. One
unit activity was defined as the amount of
enzyme necessary to catalase the oxidation
by H2O2 of 1μmole of GSH to GSSG per
minute at pH 7 at 25oC.
Malondialdehyde (MDA) level
The spinal cord samples were
homogenized in 4% PBS level of
malondialdehyde (MDA) follow by the
method of Ohkawa (1979), a relatively stable
lipid peroxidation marker, was monitored
by using thiobarbituric acid reacting
substances (TBARS) assay which is based
on MDA reaction with thiobarbituric acid
at temperature of 95°C for 60 min to form
thiobarbituric acid reactive product. The

absorbance of the resultant pink product
can be measured at 532 nm. 1, 3, 3-tetra
ethoxy propane (TEP) was used as the
reference (Ohkawa, 1979).
Determination of COX-2 activity
Segments of the ipsilateral spinal cord
containing the T9-T11 were dissected and
immediately frozen. The tissues were then
homogenized in 4% PBS and prepared for
COX-2 assay by modified method of Smith
(1998) by the reaction of 0.1 M Tris-HCl
buffer pH 8.0, Heme, COX-2, Arachidonic
acid, 0.1 M Potassium hydroxide, TMPD
compared to Idomethacin (20, 40, 60, 80 and
100 mM) expressed as nmol / min / ml.
Statistical analysis
The data were expressed as mean
+ SEM. The significance of differences
among the groups were assessed using
one way analysis of variance (ANOVA) test
followed by LSD multiple comparison test
using SPSS, version 21. P values < 0.05 were
considered as significant.
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Results

Figure 1 Effect of transdermal polymer nanofibers purple corn cob extract on the BBB score
in rats induced spinal cord injury. Data was expressed as mean + SEM aaa
p-value <0.01 and 0.001, respectively, compared with the sham; *, **, *** p-value
<0.05, 0.01 and 0.001 respectively, compared with SCI + zein nanofiber patch;
#, ##, ### p< 0.01, 0.001 compared with SCI
The Basso, Beattie, Bresnahan (BBB)
Score (Figure 1)
During base line there was no significant
difference in BBB scores. BBB scores of SCI
rats were significantly lesser than sham
operated groups throughout the experimental
period. Positive control group, rats were
received dexamatasone via oral route,
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failed to showed significant difference
from SCI group. BBB scores of SCI rats that
received zein polymer based nanofiber, were
significantly lesser than sham groups
throughout the experimental period. When
compared between SCI rats that treated
with 5% and 10% PPCE nano fiber patch
with zein nanofiber patch treated group,
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BBB scores of 5% and 10% PPCE nano fiber
patch were significantly higher than BBB
scores of zein nanofiber patch treated group

at 3, 7, 14 and 21 (p-value <0.001; 0.001; 0.05
and 0.05, respectively).

Figure 2 Effect of polymer based nanofiber transdermal patch purple corn cob extract on
gross motor score in rats after induced spinal cord injury. Data was expressed as
mean + SEM a, aa, aaa p-value < 0.05, 0.01, 0.001 when compared with the sham
operation; *,**, *** p-value <0.05, 0.01 and 0.001 respectively when compared
with SCI + Zein nanofiber patch; ##, ### p-value <0.01and 0.001 when compared
with SCI groups.
Gross motor score (Figure 2)
There was no significant difference in
Gross motor scores at the baseline. However,
SCI rats, Gross motor score were
significantly lesser than sham operated
group throughout the experimental
period. The same pattern was found with

the SCI rats that received zein polymer
based nanofiber, Gross motor score were
significantly lesser than sham operated
groups throughout the experimental period.
Nevertheless, SCI rats that received zein
polymer based nanofiber, showed no
significant different when compared with
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sham operated group throughout the
experimental period. SCI rats that treated
with Dexamethasone, gross motor score
showed significantly higher than SCI rats
that received zein polymer based nanofiber
and sham operated groups on day 7 (p-value
<0.01). Rats treated with 5% PPCE polymer
based nanofiber gross motor score showed
significantly higher than SCI rats that
received zein polymer based nanofiber and

sham operated groups on days 7 and 21
when compared with zein polymer based
nanofiber. Interestingly, SCI rats treated
with 10% PPCE polymer based nanofiber
recovery of spinal cord injury that indicated
by gross motor score significantly improved
after 3 days of treatment and maintain
significant higher throughout the
experimental period, when compared with
zein polymer based nanofiber.

Figure 3 Effect of polymer based nanofiber transdermal zein, 5%PPCE and 10% PPCE on
the level of malondialdehyde (MDA) in spinal cord of spinal cord injury rats. The
values shown are mean + SEM a, aa p-value <0.01, 0.001 compared with sham
operation; **, *** p-value <0.01, 0.001 compared with SCI + polymer based
nanofiber transdermal zein; ## p-value <0.01compared with SCI.
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Figure 4 Effects of polymer based nanofiber transdermal zein, 5%PPCE and 10% PPCE on
the activity of superoxide dismutase (SOD) in spinal cord of rats spinal cord injury
is the mean + SEM. a p-value < 0.05compared with the sham operation;
*,** p-value < 0.05 and 0.01 compared with SCI + zein nanofiber patch;
#,## p-value < 0.05 and 0.01 compared with SCI; a p-value < 0.05 compared with
the sham operation.

Figure 5 Effects of polymer based nanofiber transdermal zein, 5% PPCE and 10% PPCE on
the activity of catalase (CAT) in spinal cord of spinal cord injury rats. The values
shown are mean + SEM. a p-value < 0.05compared with the sham operation; ***
p-value < 0.001 Compared with SCI + zein nanofiber patch; #, ### p-value < 0.05
and 0.001 compared with SCI; a p-value < 0.05compared with the sham operation.
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Figure 6 Effects of polymer based nanofiber transdermal zein, 5% PPCE and 10% PPCE on
the activity of glutathione peroxidase (GSH-Px) in spinal cord of spinal cord injury
rats. The values shown are mean ± SEM aa p-value < 0.01compared with sham
operation; *** p-value < 0.001 compared with SCI + zein nanofiber patch;
### p-value <0.001compared with SCI
Biochemical assays for oxidative
stress markers
The results showed that rats were
treated with polymer based nanofiber
transdermal purple corn extract 5% and 10%
have lower levels of MDA (p-value < 0.01,
0.001), compared with SCI rats treated with
polymer based nanofiber transdermal zein
(Figure 3). In addition, 10% polymer based
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nanofiber transdermal purple corn extract
was significantly increased the activity of
CAT (p-value < 0.001) when compared to SCI
rats treated with polymer based nanofiber
transdermal zein (Figure 5). Moreover,
10% polymer based nanofiber transdermal
purple corn extract was significantly
increased SOD (p-value < 0.05) (Figure 4) but
did not alter GSH-Px activities (Figure 6).
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Figure 7 Effect of polymer based nanofiber transdermal patch zein , 5% PPCE and 10%
PPCE on the activity of enzyme Cyclooxygenase-2 (COX-2) in rats spinal cord
injury aaa p-value < 0.001 compared with the sham operation; *** p-value < 0.001
compared with SCI + zein nanofiber patch; ### p-value <0.001 compared with
SCI.

COX-2 activity

Discussion

The results demonstrated that spinal
cord injury rats were significantly
increased activity of COX-2 (p-value <0.001)
when compared to the sham operation
group. Spinal cord injury rats treated with
dexamethasone and polymer based nanofiber
transdermal patch purple corn extract 5%
and 10% could reduce the activity of COX2 (p-value <0.001) when compared with
SCI rats treated with zein polymer based
nanofiber transdermal patch (p-value
<0.001; 0.05 and 0.05, respectively), as
shown in Figure 7.

Traumatic spinal cord injury resulted
in the pathology of the spinal cord from the
mechanical destruction by primary damage
and from oxidative stress and inflammation
by secondary damage. When spinal cord is
attacked by mechanical pressure or crush
causing the destruction of spinal cord that
is primary injury. After that the destruction
of the secondary injury may occur due to
vascular perturbation, metabolism failure,
metabolic failure, ionic dysregulation
and cellular excitotoxicity. These factors
may lead to an increase permeability of
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the blood-brain-barrier, tissue edema,
free radicals formation and the process
peroxidation of cell membranes (Peroxidation
of membrane) lead to stimulated the
secretion of the cytokine and inflammation
(Blight, 2002; Cohen et al., 2009; Hausmann,
2003). Oxidative stress is a major factor
that causing secondary injury of spinal
cord injury. The researcher was reported
that when spinal cord injury, superoxide
anion (O2 • -), hydrogen peroxide (H2O2), and
hydroxyl radicals (OH-) occurs rapidly from
many of the processes such as arachidonic
is changed to prostaglandin or the activity
of enzyme monoamine oxidase (MAO) from
auto-oxidation neurotransmitter of amine
transmitters, the mitochondrial leak, from
xanthine oxidase activity, oxidation of
hemoglobin, from the activities of
neutrophil and macrophage (Aoyama et al,
2008; Bao & Liu, 2004).
Dexamethasone plays a crucial role in
preventing the secondary cascade of injury
after spinal cord injury. Previous studies
reported that dexamethasone could reduce
inflammation after spinal cord injury (Hall
& Springer, 2004; Yücel et al., 2006) via the
inhibition of enzyme cyclooxygenase type
2 (COX-2) activities. However, the present
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study failed to show this effect. Furthermore,
prior studies were unsuccessfully
demonstrated the efficacy of dexamethasone
(Arias, 1987) and dexamethasone also futile
to inhibit oxygen radical damage in central
nervous system tissue (Hall & Springer,
2004). But, the present study demonstrated
that dexamethasone could enhance the
activity of glutathione peroxidase (GSH-Px)
in spinal cord of spinal cord injury rats.
Thus, dexamethasone treatment could
enhance recovery from spinal cord injury
in the present study.
Interestingly, the polymer based
nanofiber transdermal patch 5% PPCE and
10% PPCE could also inhibit inflammation via
the inhibition of the activity of the enzyme
COX-2 and also could increase the activity
of antioxidant enzymes, especially
superoxide dismutase (SOD), catalase
(CAT). Subsequently, the polymer based
nanofiber transdermal patch 5% PPCE
and 10% PPCE could reduce oxidative
stress which resulted in a reduction of the
death of motor neurons in the spinal cord
(Xu et al., 2005). Even though the spinal cord
injury rats that treated with polymer based
nanofiber transdermal patch 5% PPCE and
10% PPCE showed the improvement of
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BBB scores and gross motor scores, but the
motor recovery was not fully recovered.
These results in agreement with many
previous studies that motor function
recovery is limited by the number of survival
neurons and the ability to regenerate
of the axons to target tissues from the
inhibitory factors, and scar tissues (Aldrete,
1995; Schwab & Bartholdi, 1996; Onifer,
Rabchevsky, & Scheff, 2007).
Previous study showed that purple
corn extract contains eight phenolic
compounds including chlorogenic acid,
caffeic acid, rutin, ferulic acid, morin,
quercetin, naringenin, and kaempferol
(Ramos-Escudero et al, 2012). Moreover,
the purple corn extract exhibited in vitro
antioxidant activity with the decreased
MDA formation and increase in activity of
endogenous antioxidant enzymes (CAT,
TPX, and SOD) activities observed in the
isolated mouse organs (Ramos-Escudero et
al, 2012).The possible active ingredient from
PPCE is likely to be flavonoids. In general
the molecules that could enter to the
nervous system must be dissolved in the fat
or oil and be less than 500 Dalton in size to
cross the blood brain barrier or blood nerve
barrier (Sardi, 2012). Previous study reported

that quercetin (302 Daltons), and cyanidin3-glucoside (484 Daltons) could transport
across RBE4 cells, a blood-brain barrier
model (Faria et al, 2010). Schültke and his
co-workers reported that spinal cord injury
rats that received quercetin 20 micromoles/
kg BW injected intraperitoneal twice a day
for 3-10 days, about 50% of experimental
animal recovery from the injury and could
walk (Schültke, Kamencic, Skihar, Griebel &
Juurlink, 2010). Taking all these information
together, the possible active ingredient
from PPCE that might cross the blood nerve
barrier or blood brain barrier may be quercetin
or other flavonoids such as cyanidin.
In summary, the polymer based
nanofiber transdermal patch 5% PPCE and
10% PPCE have the potential to accelerate
the recovery of the spinal cord in spinal
cord injury model. The potential active
ingredient from PPCE may be quercetin or
cyanidin. Moreover, the possible underlying
mechanisms of its action may be partly via
the reduction of COX2 activity, resulting
in decrease inflammation, subsequently,
lessening lipid peroxidation, increase
scavenging enzymes activities, enhance
survival of neurons and reduce tissue injury
area. Thus, purple corn cob extract has the
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potential to develop as a health product.
However, further investigations concerning
application safety are required before
moving forward to clinical application.
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