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Abstract
Background and Objective: Vanillic Acid (VA) is a dihydroxybenzoic acid derivative found in in the roots of Angelica sinensis and used
for treating various ailments. The current preclinical study was designed to demonstrate the neuroprotective activity of VA against cerebral
Ischemia-Reperfusion (I/R) injured rat model. Materials and Methods: Healthy Sprague-Dawley (SD) rats (n = 40) were segregated into
4 groups. Rats received only saline (Group I), rats were induced by Middle Cerebral Artery Occlusion (MCAO) for 90 min and followed by
reperfusion for 24 h (group II), group III and IV rats pretreated with VA (50 or 100 mg kgG1) for 14 days and followed by MCAO induction.
Data were analyzed using Turkeyʼs test with SPSS software. Results: A considerable decline in the neurological deficit score and cerebral
infarct area was observed in VA pretreated group. On administration with VA (50 or 100 mg kgG1) concomitantly lowered the levels of lipid
peroxidation product (Malondialdehyde-MDA) with improved antioxidant status (superoxide dismutase, catalase). Whereas, the
inflammatory markers such as interleukins-6 (IL-6), IL-1$, Tumor Necrosis Factor Alpha (TNF-") and Nuclear Factor Kappa B (NF-κB) p65
subunit were remarkably decreased upon VA supplementation, on comparison with MCAO induced group. Furthermore, the relative
protein expression of TNF-" and NF-κB p65 were significantly hampered on 14-day intervention with VA. Conclusion: The outcome of
this study inferred that VA (100) could exert better neuroprotective activity by improving neuronal function via attenuating inflammatory
cascade.
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pentobarbital sodium were purchased from Sigma-Aldrich

INTRODUCTION

(MO, USA). Remaining chemicals and reagents used for this
current study are of analytical grade.

Ischemic stroke is one of the deadliest conditions owing
to thromboembolic occlusion of middle or central cerebral
artery1. Studies have shown that stroke claims more lives than

Experimental rats: Forty healthy male Sprague-Dawley (SD)

any other neurological disease due to serious physical

rats weighing 260-280 g were purchased from animal center

deficits2,3. Abundant evidence has confirmed that the

of Tianjin Nankai Hospital University. Rats were maintained at

strong connection exists between oxidative stress and

22-24EC on a 12 h day/light cycle in a metabolic steel cage

inflammatory response in several neurological diseases

with ad libitum (free access to water and food). All the

especially in IR induced strokes as it provokes secondary

experimental

brain damage4,5. At present only recombinant tissue

experiment was approved by the animal ethical board

Plasminogen Activator (rtPA) is the acceptable therapeutic

committee members of Tianjin Nankai Hospital University

strategy for treating stroke. However, the usage of rtPA is

(TNHU-2402/16) by following the guidelines put forth by

much limited due to the risk of many contraindications and

health guide for handling and care of laboratory animals.

procedures

employed

in

the

current

6

intracerebral hemorrhage . Therefore, the need of an effective
treatment to combat stroke related abnormalities is in greater

Procedure for MCAO/IR insult: Middle Cerebral Artery

demand.

Occlusion (MCAO) or focal IR insult was carried out by the

Vanillic Acid (VA) is a dihydroxybenzoic acid derivative

method of Longa et al.16. Sham-operated control rats

found in higher quantity in the roots of Angelica sinensis, the

underwent midline neck incision but no ligation or occlusion

bark of Amburana cearensis and fruits of Euterpe oleracea5.

and reperfusion process. The body temperature was

Vanillic acid is an oxidative product of vanillin produced

maintained at 37EC by heating lamp/warm pad. Finally, the

during the bioconversion of ferulic acid to vanillin. Vanillin is

wound was then sutured and disinfected and allowed to

commonly used flavoring agent in food industry owing to its

completely recover from anesthesia and moved back to their

pleasant and creamy odor7. Experimental studies have

respective cages.

highlighted its various biological properties such as
antioxidant, anti-inflammatory and anti-tumor activities8,9.

Experimental grouping: This pre-clinical study was

Also, VA can act as hepatoprotective, gastroprotective and

conducted at Tianjin Nankai Hospital University from Sep.,

nephroprotective agent10-12. Furthermore, vanillic acid is

2016 to Nov., 2016. Group I rats received saline via i.p and

shown to exhibit cardioprotective activity against cardiac

served as sham-operated group, group II rats were induced by

ischemia-reperfusion model13.

MCAO for 90 min and followed by reperfusion for 24 h and

Previously, vanillic acid has been reported to improve
cognitive

function

(neuroprotective

activity)

served as IR or vehicle group (Veh). Group III and IV rats

against

pretreated orally with 50 and 100 mg kgG1 of VA (via oral

streptozotocin-induced in mice model . Recently, vanillic acid

gavage) for 14 days and followed by IR induction and served

is proved to attenuate A$1-42 induced oxidative stress and

as VA 50+Veh group and VA 50+Veh group respectively.

14

cognitive impairment in Alzheimerʼs Disease (AD) mice
model15. Nevertheless, no studies have been conducted with

Sample preparation:

vanillic acid against the cerebral ischemia-reperfusion

pentobarbital sodium injection after 24 h of reperfusion and

model. Hence, the current study was framed to assess the

brains samples were excised immediately and stored in -80EC.

neuro-therapeutic effect of vanillic acid followed by MCAO

The cerebral cortex region was isolated and homogenized

induced focal cerebral ischemic reperfusion injury in a rat

using lysis phosphate buffer and centrifuged at 3000 rpm for

model.

10 min to obtain a supernatant. This supernatant was used for

Rats

were

euthanized

by

i.p

biochemical and molecular analysis.
MATERIALS AND METHODS
Neurological deficit score: The neurological deficit score was
Chemicals and reagents: Vanillic acid, hydrogen peroxide,

evaluated after 24 h of reperfusion by an examiner blinded to

tween-20, phosphate buffered saline, 2, 3, 5-triphenyl

all experimental groups by following Longaʼs score scaling

tetrazolium chloride (TTC), Sodium Dodecyl Sulfate (SDS) and

system16.
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Cerebral infarct volume/size: The cerebral hemispheres were

TBS at room temperature for 1 h and washed again by TBS.

excised carefully and sliced into 2 mm coronal slices via a
frontal pole and stained with 2% TTC solution for 20 min at
37EC and rinsed with phosphate buffered saline to remove the
excessive stain. Then, the sections were fixed with 10%
paraformaldehyde for 8-10 h. The coronal slices were placed
in an Image scanner and the infarct volume (pale white) was
quantified using Image J software (1.3 V; Image J, MD, USA).
The infarct volume was quantified (Tureyen et al.17 method)
by using the Eq. 1:

The absorbance (OD) was quantified using an enhanced
chemiluminescent system (Thermo Fisher Scientific, MA, USA)
and the signals were quantified using ImageJ software
(MD, USA).
Statistical

analysis:

Values

are

expressed

as

the

Mean±Standard Deviation (SD). The difference between each
experimental group was quantified with one-way ANOVA
followed by the Turkeyʼs test with SPSS software (Ver:21).
The p<0.05 was considered as statistically significant 5.

Total infarct area
Infarct volume (%) =
×100
Whole brain section area

(1)
RESULTS

Antioxidants and lipid peroxidation products: The activities

Effects of VA on neurological deficit score and cerebral

of superoxide dismutase (SOD), catalase (CAT) and the levels
of lipid peroxidation products-malondialdehyde (MDA) in
cerebral tissue were assessed using commercial kits (Nanjing
Jiancheng Bioengineering Institute, Nanjing, China).

infarct volume: The I/R induced cerebral injury was assessed
by evaluating the neurological deficit score and infarct
volume. Figure 1a and b show the efficacy of VA on
neurological deficit score and cerebral infarct volume in
experimental rats. The neurological deficit score and cerebral

Inflammatory markers: Inflammatory markers like IL-1$, IL-6,

infarct volume were significantly increased (p<0.01) in Veh

TNF-" in cerebral homogenate were measured by commercial
ELISA kits provided by Thermo Fisher Scientific (MA, USA) in
according to the supplierʼs protocol. Whereas, nuclear factor
NF-κB p65 subunits were evaluated in a nuclear fraction of
cerebral homogenate using nuclear/cytosolic fractionation kit
from Bio-vision (CA, USA) and the concentration of NF-κB p65
was determined by ActivELISA kit from Imgenex Corporation
(CA, USA).

group (IR-group) as compared to sham-operated control rats.
Pretreatment with VA 50 (p<0.05) and 100 (p<0.01) for 14 days
could be considerably reduce the levels of both neurological

Neurological def icit scores

deficit score and cerebral infarct volume.

Western blot: The protein contents in the cerebral (Cortex)
homogenate were determined by BCA assay kit from
Beyotime, Biotechnology, Jiangsu, China with manufacturersʼ
instruction. Protein quantity of 40 µg per lane (both nuclear
and cytosolic fraction) were loaded into each well of 12%
sodium dodecyl sulfate (SDS)-polyacrylamide gels and
electro-transferred to polyvinylidene fluoride (PVDF)
membrane using the SDS-PAGE technique. The membranes
were blocked with 5% skimmed milk and tween 20 with
Tris-Buffered Saline (TBS) and then incubated with primary
antibodies (shaker) for overnight at 4EC. The primary
antibodies such as mouse polyclonal anti-NF p65, anti-TNF-"
(1:1000, 1:1200; Abcam, Cambridge, UK), mouse anti-rat
$-actin, anti-rabbit-histone H3 (1:800, 1:1000; Abcam,
Cambridge, UK) were used. Both $-actin and histone H3 act as
an internal control. The TBS was used to remove unbound
antibodies, then membranes were probed with anti-mouse
secondary antibodies conjugated to horseradish peroxidase
(HRP) (1:1500 and 1:2000, respectively; Promega, WI, USA) in
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Fig. 1(a-b): Effects of VA on (a) Neurological deficit score and
(b) Cerebral infarct volume in experimental rats
Data were expressed as the Mean±Standard Deviation (SD).
Significant difference: *p<0.05, #p<0.01, aComparison with
sham-control group and bComparison with vehicle (Veh)
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Fig. 2: Effects of VA on inflammatory markers in experimental rats
Data were expressed as the Mean±Standard Deviation (SD). Significant difference: *p<0.05, #p<0.01, aComparison with sham-control group, bComparison
with vehicle (Veh)
Table 1: Effect of VA on the levels of lipid peroxidation products and antioxidant status in experimental rats
Groups

MDA (nmol mgG1 protein)

CAT (U mgG1 protein)

SOD (U mgG1 protein)

Sham control
Vehicle (Veh)
VA 50+Veh
VA 100+Veh

0.46±0.05
1.15±0.10a#
0.87±0.09b*
0.66±0.05b#

67.67±7.25
51.20±4.74a#
57.56±6.03b*
62.23±5.34b#

3.24±0.49
2.31±0.30a#
2.77±0.51b*
3.02±0.60b#

Data were expressed as the Mean±Standard Deviation (SD). Significant difference: *p<0.05, #p<0.01, a: Comparison with sham-control group, b: Comparison with
vehicle (Veh). One unit of SOD represent the amount of enzyme required to inhibit 50% of O2 production at 560 nm. One unit of CAT represent the amount that
consumed to inhibit 1 µmol of H2O2, at 540 nm. MDA: Malondialdehyde (lipid peroxidation product), CAT: Catalase, SOD: Superoxide dismutase

tissue of experimental rats. Both TNF-" and NF-p65 protein
expression were exponentially upregulated (p<0.01) in
IR-induced group Vs sham-control rats. Whereas, treatment
with VA 50 (p<0.05) and 100 (p<0.01) markedly

Effect of VA on antioxidant status and lipid peroxidation
products: The activities of cerebral antioxidants and lipid
peroxidation products in experimental rats are epitomized in
Table 1. The activities of SOD and CAT were substantially
attenuated (p<0.01) with increased MDA levels in
IR-induced rats (Veh). Meanwhile, supplementation with VA
(50 and 100 mg kgG1) could markedly elevate the activities of
SOD and CAT, with significantly lowered (p<0.01) MDA levels
on comparison with Veh group.

down-regulated the protein expression of TNF-" and NF-p65
subunit on comparison with IR/Veh group.
DISCUSSION
The results indicate the beneficial/neuroprotective

Effects of VA on inflammatory markers: Figure 2 shows that

efficacy of VA (50 and 100 mg kgG1) against cerebral

a pronounced increase (p<0.01) in the concentration of
nuclear factor NF-p65 subunit of NF-κB and cytosolic fraction
like TNF-", IL-1$ and IL-6 in the cerebral tissue of IR-induced
rats on equivalence with sham-operated control rats (Fig. 2).
Administration with VA 50 (p<0.05) and 100 (p<0.01)
significantly lowered the concentration of nuclear factor
NF-p65 subunit of NF-κB and cytosolic fractions IL-1$, IL-6 and
TNF-" than Veh group.

Ischemia-Reperfusion (I/R) injured rat model via improving the
antioxidant status and attenuating inflammatory response.
For this preclinical study, a common ischemic stroke
MCAO/R model was preferred as it resembles most of the
pathophysiological features of stroke18,19. To evaluate the
neuroprotective

activity

of

VA,

we

determined

the

neurological deficit score and infarct volume after MCAO/R
induction. The neurological deficit score and cerebral
infarct volume were significantly increased (p<0.01) in

Effect of VA on the protein expressions of TNF-" and NF-p65

IR-induced/veh group due to MCAO/reperfusion-induced

subunit: Figure 3 illustrates the effect of VA on the protein

brain damage via excess free radical generation. These results

expression of TNF-" (3A) and NF-p65 subunit (3B) in cerebral

are in corroboration with the studies of Pramila et al.20.
491

Int. J. Pharmacol., 14 (4): 488-494, 2018
(a)

L1

L2

L3

(b)

L4

L1

L2

L3

L4

NF-p65

TNF-






-actin

2.0
1.8
0.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

Protein normalized to histone

H3 histone

a#
b*
b

Sham-control

Vehicle

VA 50+Veh

#

VA 100+Veh

1.4
#

a

1.2
1.0

b*

0.8
0.6

b

0.4
0.2
0.0
Sham-control

Groups

#

Vehicle

VA 50+Veh

VA 100+Veh

Groups

Fig. 3(a-b): Effects of VA on cerebral protein expressions of (a) Tumor necrosis factor alpha (TNF-") and (b) Nuclear factor κB p65
subunit (NF-κB p65) in experimental rats
Data were expressed as the Mean±Standard Deviation (SD). Significant difference: *p<0.05, #p<0.01, aComparison with sham-control group and
b
Comparison with vehicle (Veh), L1: Sham-control group, L2: Vehicle (IR-induced) group, L3: VA 50+Vehicle group, L4: VA 100+Vehicle group

Pretreatment with VA 50 and 100 for 14 days, would
considerably lower the neurological deficit score and cerebral
infarct volume is owing to antioxidant activity. Vanillic acid
shows excellent free radical scavenging activity because of
its two-free hydroxyl groups21. Moreover, Prince et al.22
indicated that supplementation with vanillic acid could
substantially lower the infarct size/volume of myocardial tissue
in isoproterenol-induced infarcted rats. In support of the
mentioned finding, we would infer that VA (especially 100)
showed better neuroprotective activity by improving motor
activity and neural damage.
Ample amount of studies has demonstrated that the
strong connection exists between oxidative stress and
inflammatory response in several neurological diseases
especially in IR-Induced strokes as it provokes secondary
brain damage4,5. During MCAO/R induction the
microglia/macrophages were activated and trigger the activity
of NADPH oxidase and thus results in an excessive free radical
generation (Oxidative stress). That excessive free radical in
turn stimulate various inflammatory cytokines and thereby
elicit inflammatory cascade with neuronal cell death23. Hence,
the levels of antioxidants were considerably abolished
(p<0.01) with elevated lipid peroxidation product production
in IR group or Veh group. Whereas, supplementation with VA
(50 and 100 mg kgG1) could markedly improve the antioxidant
activities of SOD and CAT and thereby notably abrogated the
production of lipid peroxidation products like MDA. Similar

impression was also highlighted by the study conducted by
Dianat et al.13, pointed out that vanillic acid treatment could
significantly enhance (p<0.05) the activities of SOD and CAT
and thereby effectively lowered the levels of MDA on cardiac
ischemic-reperfusion rat model. As indicated earlier vanillic
acid also quench free radical generation due to its two-free
hydroxyl group.
As previously mentioned, that during the initial phase
of IR-induced stroke various inflammatory markers
(pro-inflammatory cytokines) were upregulated via NF-κB
signaling pathway owing to excessive oxidative stress.
Therefore, inhibition of NF-κB signaling pathway (inactivation
of microglial cells) might be a potential therapeutic strategy
for the treatment of IR-induced stroke24. A pronounced
increase (p<0.01) in the concentration of various
inflammatory markers in Veh group was due to microglial
cell activation/oxidative stress. The VA pretreated rats
(50 and 100 mg kgG1) could substantially abolish those
inflammatory markers
by
effectively
quenching
excessive free radicals as well as downregulating the
expression of NF-6B related downstream inflammatory
genes. In addition, VA treatment would halt the activation of
NF-6B and thereby inhibit the translocation of p65 from
cytosol to nucleus. Also, vanillic acid has covalently
modified sulfhydryl group and o-methoxy group which
might inhibit the activation of an NF-κB signaling pathway
in a rat model12.
492
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For better understanding, the mechanism behind the

not able to explore. Thus, a new theory on treating cerebral
ischemia-stroke vanillic acid (novel neuroprotective agent)
with few standard drugs may be effective in combating stroke
related complications.

anti-inflammatory activity of VA, pertaining to NF-6B signaling
pathway were evaluated by assessing the protein expression
of cytosolic TNF-" and nuclear NF-6B p65 subunit in cerebral
tissue homogenate. The protein expression of cytosolic
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