
ABSTRACT
Vascular dementia (VaD) is associated with chronic brain ischemia and gradual memory loss which is increasing gradually 
but limited treatments are available as therapeutic moieties to combat the VaD. Hence in this study Indian propolis alone 
or in combination with curcumin was explored as a treatment modality to alleviate the VaD. VaD model was induced by 
bilateral common carotid artery occlusion (BCCAO). Indian propolis (200 mg/kg), curcumin (200 mg/kg) individually, and 
the combination of Indian propolis (100 mg/kg) with curcumin (100 mg/kg) were administered in BCCAO model followed 
by an estimation of behavioral (neurological score, hanging and open field test) and biochemical parameters (reduced 
glutathione, catalase, malondialdehyde, and acetylcholine esterase). In this study it was found that there were no changes in 
the locomotor activity while the neurological score was reduced and the hanging time was increased in the drug treated group 
which clearly depicts the neuroprotective potential of curcumin, Indian propolis individually and the combination of Indian 
propolis with curcumin. The combination of Indian propolis with curcumin was much better in terms of neuroprotective 
activity than Indian propolis and curcumin treated group as depicted by the results of behavioural and biochemical parameters. 
Moreover, haematoxylin and eosin (H and E) staining was performed, and was found that a combination of Indian propolis  
(100 mg/kg) with curcumin (100 mg/kg) attenuated better histological alterations of the hippocampus in BCCAO model 
group than in other treated groups. Hence these findings provided that Indian propolis in combination with curcumin has great 
potential as a neuroprotective agent on the cognitive deficits of VaD rats.
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INTRODUCTION
Vascular dementia (VaD) is one of the second major causes of 
dementia after Alzheimer’s disease, accounting for about 15% 
of cases.1 The treatment available for most types of dementia 
provides only symptomatic relief2 but no curative treatment is 
available.3 Various therapeutic moieties for vascular dementia 
are under clinical trial and no FDA-approved drug moiety is 
available to treat VaD till now.4 Some herbal and synthetic 
drugs namely α-mangostin,5 diosgenic derivative,4 Ginkgo 
biloba, sailuotong,6 memantadine,7 donepezil,8 huperzine 
A,9 curcumin,10 Panax ginseng, Crocus sativus,11 Bacopa 
monnieri12 have been identified by various researchers 
to alleviate the symptoms of VaD but still, it needs more 
exploration hence it was selected for the present research.  

Due to the inherent safety issues, medications of natural origin 
are superior to those of synthetic or semi-natural origin.13 
Hence Indian propolis, resin like derivative was used to provide 
neuroprotective effect in VaD. Propolis is an intricate natural 
resin mix of honeybees derived from substances extracted 
from fruit, bud and exudate compounds.14 Various activities 
have been reported related to Indian propolis as anticancer,15 
antimicrobial,16 anti-inflammatory,17 antioxidant agent,18 and 
improvement of oral health.19 But it has not been identified 
as a treatment option for VaD hence in the present study; it 
was explored as a neuroprotective agent in VaD. It was used 
individually as well as in combination with curcumin to 
provide a synergistic effect in VaD. Curcumin, a polyphenol 
that is abundantly present in the rhizome of the turmeric plant 
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(Curcuma longa), has the potential to cure major portions of the 
diseases like neurodegenerative disorder,10 cancer,20 diabetes,21 
bacterial infection,22 gouty arthritis23 and has been used in 
combination with various synthetic as well as herbal drug 
moieties to provide a synergistic effect in the disease amongst 
some combination have been commercialized. To identify the 
potential of Indian propolis as a neuroprotective agent disease 
model has to be induced. For the induction of VaD various 
models, vessel occlusion model (2-vessel occlusion/Bilateral 
common carotid artery occlusion model, 4-vessel occlusion, 
and unilateral common carotid artery occlusion), multiple 
infarcts and thromboembolism model, High fat diet model, 
Models using risk factors to induce VaD via diabetes and 
hypertension have been used but in the present study bilateral 
common carotid artery occlusion (BCCAO) was used for the 
induction of VaD because it reduces about 30–45% of blood in 
the cortex and 20% in the hippocampus cerebral of rat’s brain.24 
BCCAO results the increase in oxidative stress,inflammation, 
glial activation, striatal infarction, hippocampal (CA1) and 
cortical neuronal damageleading to the cognitive impairment.25

MATERIALS AND METHODS

Plant and Material
Dried whole extract of the substance Indian propolis and 
curcumin (Chemical constituent of C.  longa) were purchased 
from Vital Herbs, Z-26/27 Commercial Enclave, Mohan 
Garden Uttam Nagar, Delhi-110059. The batch no. for Indian 
propolis and curcumin were VH/PE/VHP012, VH/CE/
VHC213 respectively. The bulk density for Indian propolis 
and curcumin was same i.e., 49.2 g/100 mL.
Drug and Chemicals
1-Chloro-2, 4-dinitrobenzene (CDNB), reduced glutathione 
(GSH), 5, 5- dithiobis-2-nitrobenzoic acid (DTNB), 2, 3, 
5-triphenyltetrazolium chloride (TTC), thiobarbituric acid 
(TBA), nitroblue tetrazolium (NBT), paraformaldehyde, 
acetylthiocholine iodide (AcSCh), epinephr ine and 
trichloroacetic acid (TCA) wereused. All the otherchemicals 
used were of analytical grade.
Ethical Approval
The experiments were performed as per protocols set by 
CPCSEA, New Delhi, India which was duly approved by 
Institutional Animal Ethical Committee (Approval No. 1352/
PO/Re/S/10/CPCSEA).
Experimental Animals
Adult male wistar rats weighed between 220–270 g were used. 
Rats were keptin conventional lab conditions, maintained at  
25 ± 3°C temperature and relative humidity of 45 to 55% with 
12 hours light: 12 hours dark cycle. Before the surgery, food 
was withheld for 12 hours. All procedures were carried out in 
line with the Ministry of animal welfare division, Government 
and control and supervision of experiments on animals 
(CPCSEA) guidelines Government of India, New Delhi.

Surgical Procedure for BCCAO
The animals were anesthetized with ketamine (80 mg/kg, i.p.) 
followed by xylazine (5 mg/kg i.p.). Atropine sulphate  
(0.1 mg/kg, i.p.) was given to prevent respiratory distress. After 
that, the bilateral carotid arteries were obstructed by ligation 
for 10 minutes, and then unrestricted for 10 minutes, and this 
cycle was repeated three times. The threading was removed 
and the incision closed. After induction of 21 days, the rats 
were killed by decapitation, and their brains were collected 
and processed.26 
Post-operative Care 
The animals were kept in a maintained temperature at 25 ± 3°C 
in individual cages after the surgery and recovery of anesthesia 
until they gained full consciousness, and then they were kept 
together in a group of 3 animals per cage. Food and lithium 
water was kept inside the cage for 24 hours so that the animal 
could easily access it.
Experimental Groups and Treatment Schedule
Animals were divided into six groups. The first group, control 
group (n=8) (animals were put in control without any surgical 
procedure), and the second group was sham-operated (n=8) 
(animals were subjected to surgical procedure, but did not 
occlude BCCAO) received vehicle (0.1% tween 80) third was 
BCCAO group only (n=6); occluded the bilateral arteries, 
fourth was BCCAO group treated with curcumin (n=6) 
received curcumin (200 mg/kg in 0.1% tween 80, orally); fifth 
was BCCAO group treated with Indian propolis (200 mg/kg 
in 0.1% tween 80, orally) (n=6); and sixth was BCCAO group 
treated with the combination of Indian propolis (100 mg/kg 
0.1% tween 80) with curcumin (100 mg/kg in 0.1% tween 80, 
orally) (n=06). Vehicle or drugs were fed once daily for 21 
days after the experimental procedure. After the completion 
of 21 days, animals were assessed for neuro-behavioural 
assessment and then sacrificed for biochemical analysis and 
H and E staining. 
Neuro-behavioural Assessment
The assessment of neuro-behavioural performance was done 
with the help of parameters, a neurological scale, a hanging 
test, and an open field test. These parameters generally check 
the extent of impaired consciousness, muscle strength, and 
gross locomotor activity among all model and treated groups.
Neurological Function
A five-point neurological scale was used to assess neuro-
behavioural functioning across all experimental groups after 
the 21 days course of treatment: Rats with no other neurological 
deficits showed score=0, rats extended both forelimbs toward 
the floor when gently suspended 1m above the floor and with 
no other signs of neurological deficit; (a) rats consistently 
flexed the forelimb contralateral to BCCAO; (b) rats circled 
toward the contralateral side when the tail was pulled; (c) 
rats spontaneously circled toward the contralateral side when 
allowed to move freely; and (d) no spontaneous movement with 
an apparent depressed level of consciousness.27
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Hanging Test
The assessment of muscle strength of all experimental model 
groups was done using hanging test. At the beginning of 
process, rats were placed standing on a wire mesh platform. 
The platform was inverted and positioned 750 mm above a 
landing box filled with wood shavings to protect the rat from 
any injuries from the fall. The experimenter briefly moved 
the platform to get the rat to hold onto the bars. The length of 
time that the rat was able to hang from the inverted platform 
was recorded. If the duration of the 90 seconds was reached, 
then the trial was ended and a time was recorded, the average 
time across the trials at each time point used for evaluation.28

Open Field Test (OFT)
OFT is frequently used to check the locomotor activity, 
exploratory activity, and anxiety-like response in experimental 
animals. After the ischemic insult, the animal was placed at 
one of the corners in the open arena of a 40 × 40 cm box for 5 
minutes and the duration was measured.29

Biochemical Analysis
All animals received ethyl ether anesthesia and phosphate 
buffer saline perfusion on day 22. Animals were sacrificed by 
decapitation, and the brains were then extracted after blood 
was removed from brain tissue using perfusion. Brain tissue 
was rinsed with ice-cold isotonic saline and the hippocampus 
was separated and weighed. The rat hippocampus tissues were 
then homogenized in a volume 10 times the tissue’s weight with 
ice-cold 0.1 M phosphate buffer (pH 7.4). The homogenate was 
centrifuged at 10,000 g for 15 minutes (4°C), and a part of the 
supernatant was used for biochemical analysis.30

Estimation of Total Protein in the Brain
The total protein content in tissue homogenates was measured 
following the method of Lowry et al. using bovine serum 
albumin as a standard.31

Measurement of MDA in Brain Homogenate
Thiobarbituric acid reactive substance (TBARS) concentration 
was calculated as a measure of lipid peroxidation. Tris–HCl 
buffer (pH 7.4) and 0.5 mL of the brain were mixed and the 
mixture was 2 hours at 37℃. Then, 1-mL of 10% ice-cold 
trichloroacetic acid (TCA) was added to the above solution. 
Furthermore, 1-mL of 0.67% thiobarbituric acid (TBA) solution 
was mixed with 1-mL of supernatant, after centrifugation at 
2000 g for 20 minutes. The test tubes were placed in boiling 
water for 10 minutes allowed to cool, and 1-mL double distilled 
water (DDW) was added. The malondialdehyde (MDA) was 
analyzed by reaction with thiobarbituric acid at 532 nm.32

Measurementof Reduced Gluthatione (GSH) in Brain 
Homogenate 
Ellman’s (1959) method was used for the estimation of GSH. 
For the separation of protein, brain homogenate was mixed 
with 10% TCA and centrifuged. 2 mL of phosphate buffer  
(pH 8.4), 0.5 mL of DTNB, and 0.4 mL double distilled water 
were added to 0.01 mL of the supernatant. The mixture was 
vortexed and the absorbance was measured at 412 nm.33

Measurement of Catalase (CAT) in Brain Homogenate 
Catalase activity was assessed by incubating the enzyme 
sample in a 1.0 mL substrate (65 mmol/mL hydrogen peroxide 
in 60 mmol/L sodium-potassium phosphate buffer, pH 7.4) 
at 37°C for three minutes. The reaction was stopped with 
ammonium molybdate. The absorbance of the yellow complex 
of molybdate and hydrogen peroxide was taken at 374 nm 
against the blank.34

Acetylcholinesterase (AchE) Activity 
In the hippocampus and cortex, acetylcholinesterase 
(AChE) activity was estimated and presented as μmol/
min/g of brain.35 The reaction mixture (2 mL final volume) 
contained 100 mM K+-phosphate buffer, pH 7.5, and 1-mM 
5,5-dithiobisnitrobenzoic acid (DTNB). The procedure relies 
on the synthesis of the 5, 5-dithio-bis-acid-nitrobenzoic yellow 
anion, which is detected by absorbance at 412 nm after a 
2-minutes incubation at 25°C. Pre-incubation of an enzyme 
(40–50 μg of protein) for 2 minutes was done. By adding the 
0.8 mM acetylthiocholine iodide (AcSCh), the reaction was 
initiated. All samples were run in duplicate or triplicated.36

Histopathology 
The brain tissues of rats were removed after the sacrifice 
and the incubation in 4% paraformaldehyde was done 24 
hours at 4ºC. The entire hippocampus was among the brain 
samples extracted from beneath the optic chiasm to embed 
in paraffin. For histological investigation, embedded brain 
tissue sections were continuously cut into 4–5 m sections as 
directed. The histomorphology of neurons was examined using 
light microscopy, and hippocampal CA1 and CA3 subfields 
were chosen and counted at a 400X magnification to look for 
morphological changes.37

Statistical Analysis
The values were expressed as mean ± S.E.M. The statistical 
analysis was carried out by one way analysis of variance 
(ANOVA) followed by Tukey’s multiple comparison test with 
p ≤ 0.05 were considered as significant.

RESULT

Effect of Neurological Function on Experimental Groups
The neurological score was used to check the neurological 
function of experimental models. The control and sham-
operated rats, showed no neurological deficit having a score=0, 
while in BCCAO group caused a marked change in the behavior 
of the animals and exhibited a severe neurological deficit, 
the score was (4.16 ± 0.30) and showed circling towards the 
contralateral side and had reduced mobility when compared 
to the control and sham-operated animals. The animals in the 
curcumin (200 mg/kg), Indian propolis (200 mg/kg) and Indian 
propolis with curcumin (100 mg/kg) treated group followed to 
BCCAO improved the neurological deficit; score: 2.66 ± 0.21, 
2 ± 0.25 and 0.66 ± 0.33, respectively. The rats in the Indian 
propolis with curcumin (100 mg/kg) treated group followed 
to BCCAO showed significant (p <0.001) improvement in 
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the behavior when compared to the BCCAO rats as shown in 
Figure 1 (Table 1).
Effect of Hanging Performances on Experimental Groups
Indian propolis (200 mg/kg) and the combination of Indian 
propolis (100 mg/kg) with curcumin (100 mg/kg) treated 
group showed highly significant wire griping strength and 
latency time (23.33 ± 3.04, p <0.05), (33.83 ± 3.80, p <0.05), 
respectively as compared to BCCAO model group (10.83 ± 2.73, 
p <0.001). BCCAO treated rats showed significant (p <0.001) 

reduction in latency time and griping strength as compared 
with control (52.83 ± 4.60) and Sham treated group (32.16 ± 
4.86) (Figure 2 and Table 1).
Effect of Open Field Test on Experimental Groups
All groups did not affect the motor performances in the open 
field test, as the rats of the BCCAO induced groups, Indian 
propolis (200 mg/kg), curcumin (200 mg/kg), combination of 
Indian propolis (100 mg/kg) with curcumin group (100 mg/
kg) travelled almost similar distance, showed normal mobility  
(47.2 ± 7.5), (55.0 ± 4.6), (54.0 ± 3.1), and (52.5 ± 5.9) 

Table 1: Effect of Indian propolis (200 mg/kg), Curcumin (200 mg/kg), and combination of Indian propolis (100 mg/kg) with curcumin (100 mg/
kg) on neurological score, hanging performance, open field test of rats subjective to BCCAO.

Neurobehavioral 
parameter Control Sham BCCAO BCCAO+Curcumin 

(200 mg/kg)
BCCAO+Indian 
propolis (200 mg/kg)

BCCAO+Indian propolis (100 
mg/kg)+Curcumin (100 mg/kg)

Neurological score 0 0 4.16 ± 
0.30a***b***

2.66 ± 
0.21a***b***c***

2 ± 
0.25a***b***c*** 0.66 ± 0.33c***d***e**

Hanging test (fall-
off-time) sec.

52.83 ± 
4.60

32.16 ± 
4.86a* 10.83 ± 2.73a***b* 30.13 ± 3.33a*** 31.66 ± 5.16a*c* 33.83 ± 3.80a*c**

Open field test 
(locomotor 
counts)

48.3 ± 4.8 46.8.33 ± 6.6 47.2 ± 7.5 54.0 ± 3.1 55.0 ± 4.6 52.5 ± 5.9

Table 2: Effect of Indian propolis (200 mg/kg), Curcumin (200 mg/kg), and combination of Indian propolis (100 mg/kg) with curcumin (100 mg/
kg) on MDA, GSH, CAT and AChE of rats subjective to BCCAO.

Biochemical 
parameter Control Sham BCCAO BCCAO+ Curcumin 

(200 mg/kg)
BCCAO+ Indian 
propolis (200 mg/kg)

BCCAO+ Indian propolis 
(100mg/kg)+ Curcumin 
(100 mg/kg)

MDA (nM/
mg Protein) 0.64 ± 0.28 0.663 ± 0.191 6.335 ± 0.595a***b*** 2.66 ± 

0.257a**b**c*** 1.41 ± 0.37 c*** 0.98 ± 0.246c**d*

GSH (µM/
mg Protein) 46.99 ± 4.34 45.40.33 ± 

2.24 11.71 ± 1.75b*** 34.33 ± 4.11c* 39.26 ± 6.50c** 44.51 ± 6.39c*** 

Catalase (U/
mg Protein 28.27 ± 2.17 26.18 ± 3.01 10.34 ± 1.26a***b*** 16.73 ± 1.13a*** 21.35 ± 2.30c* 25.40 ± 2.63c**

AChE (µM/
Min/mg 
Protein) 

0.060 ± 
0.015 0.069 ± 0.007 0.224 ± 0.039a***b*** 0.128 ± 0.023c** 0.095 ± 0.17c*** 0.080 ± 0.013c***

Figure 1: Values are expressed as mean ± SEM (n=6). 
BCCAO=Bilateral common carotid artery occlusion, CUR=Curcumin, 

IP=Indian propolis. Values are statistically significant at p < 0.05 
according to one-way ANOVA followed by Tukey’s multiple 

comparision test. Pa < 0.05 compared to Control, pb < 0.05 compared 
to sham, pc < 0.05 compared to BCCAO, pd < 0.05 compared to 
BCCAO+CUR, pe < 0.05 compared to BCCAO+IP, respectively.

Figure 2: Values are expressed as mean ± SEM (n=6). 
BCCAO=Bilateral common carotid artery occlusion, CUR=Curcumin, 

IP=Indian propolis. Values are statistically significant at p < 0.05 
according to one-way ANOVA followed by Tukey’s multiple 

comparisiontests. Pa < 0.05 compared to Control, pb < 0.05 compared to 
sham, pc < 0.05 compared to BCCAO, respectively.
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Figure 3: Values are expressed as mean ± SEM (n=6). 
BCCAO=Bilateral common carotid artery occlusion, CUR=Curcumin, 

IP=Indian propolis. Values are not statistically significant at p 
< 0.05 according to one-way ANOVA followed by Tukey’s multiple 

comparision tests. 

Figure 4: Values are expressed as mean ± SEM (n=6). 
BCCAO=Bilateral common carotid artery occlusion, CUR=Curcumin, 

IP=Indian propolis. Values are statistically significant at p < 0.05 
according to one-way ANOVA followed by Tukey’s multiple 

comparision test. Pa < 0.05 compared to Control, pb < 0.05 compared 
to sham, pc < 0.05 compared to BCCAO, pd < 0.05 compared to 

BCCAO+CUR, respectively.

Figure 5: Values are expressed as mean ± SEM (n=6). 
BCCAO=Bilateral common carotid artery occlusion, CUR=Curcumin, 

IP=Indian propolis. Values are statistically significant at p <0.05 
according to one-way ANOVA followed by Tukey’s multiple 

comparision tests. Pa <0.05 compared to Control, pb <0.05 compared 
to sham, pc <0.05 compared to BCCAO, respectively. 

Figure 6: Values are expressed as mean ± SEM (n=6). 
BCCAO=Bilateral common carotid artery occlusion, CUR=Curcumin, 

IP=Indian propolis. Values are statistically significant at p <0.05 
according to one-way ANOVA followed by Tukey’s multiple 

comparision tests. Pa <0.05 compared to Control, pb <0.05 compared to 
sham, pc <0.05 compared to BCCAO, respectively.

in comparison to control groups (48.3 ± 4.8) and sham, 
respectively. There are no significant differences among the 
all groups depicted in Figure 3 and Table 1.
Effect of Experimental Groups on Tissue 
Malondialdehyde (MDA)
On the basis of statistical analysis it was observed that the 
combination of Indian propolis (100 mg/kg) with curcumin 
(100 mg/kg) treated group showed statistical highly significant 
decrease in the malondialdehyde (MDA) (0.98 ± 0.24, p < 0.001) 
as compared to BCCAO model (6.33 ± 0.595, p < 0.01). BCCAO 
treated rats showed highly significant increase in the MDA 
(6.33 ± 0.595, p < 0.001) as compared with control (0.64 ± 0.28, 
p < 0.001) and sham treated group (0.663 ± 0.191, p < 0.001) as 
shown in Figure 4 and Table 2.

Effect of Experimental Groups on Tissue Reduced 
Glutathione (GSH)
On the basis of statistical analysis it was observed that the 
combination of Indian propolis (100 mg/kg) with curcumin 
(100 mg/kg), Indian propolis (200 mg/kg), and curcumin  
(200 mg/kg) treated group showed statistical highly significant 
increase in the reduced glutathione (GSH) in the brain (44.51 
± 6.39, p < 0.001), (39.26 ± 6.50, p < 0.01), and (34.33 ± 4.11,  
p < 0.05) as compared to BCCAO model (11.71 ± 1.75, p < 0.01). 
BCCAO treated rats showed highly significant decrease in the 
GSH (6.33 ± 0.595, p <0.001) as compared with control (0.64 
± 0.28, p < 0.001) and sham treated group (0.663 ± 0.191, p 
< 0.001) as shown in Figure 5 and Table 2.
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Figure 7: Values are expressed as mean ± SEM (n=6). 
BCCAO=Bilateral common carotid artery occlusion, CUR=Curcumin, 

IP=Indian propolis. Values are statistically significant at p < 0.05 
according to one-way ANOVA followed by Tukey’s multiple 

comparision tests. Pa < 0.05 compared to Control, pb < 0.05 compared 
to sham, pc < 0.05 compared to BCCAO, respectively. 

Effect of Experimental Groups on Tissue Catalase (CAT) 
On the basis of statistical analysis it was observed that the 
combination of Indian propolis (100 mg/kg) with curcumin 
(100 mg/kg) and Indian propolis (200 mg/kg) treated group 
showed statistical significant increase in the catalase (CAT) 
in the brain (25.40 ± 2.63, p < 0.01) and (21.35 ± 2.30, p < 0.05) 
as compared to BCCAO model (10.34 ± 1.26, p < 0.001). 
BCCAO and curcumin (16.73 ± 1.13, p < 0.001) treated rats 
showed highly significant decrease in the catalase as compared 
with control (28.27 ± 2.17, p < 0.001) and sham treated group  
(26.18 ± 3.01, p < 0.001) as shown in Figure 6 and Table 2.
Effect of Experimental Groups on Tissue Acetylcholine 
Esterase (AChE) 
On the basis of statistical analysis it was observed that the 
combination of Indian propolis (100 mg/kg) with curcumin 
(100 mg/kg), Indian propolis (200 mg/kg) and curcumin  
(200 mg/kg) treated group showed statistical significant 
decrease in the acetylcholinesterase (AchE) in the brain  
(0.080 ± 0.013, p < 0.001), (0.095 ± 0.17, p < 0.001) and (0.128 
± 0.023, p < 0.01) as compared to BCCAO model (0.224 ± , 
0.039 p < 0.001). BCCAO treated rats showed highly significant 
increase in the AChE as compared with control (0.060 ± 0.015, 
p < 0.001) and sham treated group (0.069 ± 0.007, p < 0.001) as 
shown in Figure 7 and Table 2.
Determination of H and E on Experimental Groups 
In the present study on rats it was found that tissues were 
properly arranged without any pathological changes in control 
and sham group as depicted in slide a and b, respectively. 
There were major inf lammation; edema, glial reaction, 
karyomegaly, and necrosis were observed in BCCAO group as 
depicted in slide c. Well preserved parenchyma with minimal 
inflammation in the curcumin (200 mg/kg) treated group and 
minimal glial reaction and minor edema was observed in the 
Indian propolis (200 mg/kg) treated group as depicted in slide 

d and e, respectively. While the combination of Indian propolis 
(100 mg/kg) with curcumin (100 mg/kg) showed improvement 
in the histological properties is better than the curcumin  
(200 mg/kg) and Indian propolis (200 mg/kg) treated 
individually because there was no significant pathology and 
the parenchyma was well preserved depicted in slide f. All 
slides are depicted in Figure 8.

DISCUSION 
The results of this study showed that occlusion of the bilateral 
common carotid artery produced neurological deficits, 
biochemical and histological alteration in rats. However, the 
combination of Indian propolis (100 mg/kg) with curcumin (100 
mg/kg) improved the neurological deficits and also reduced 
oxidative stress as indicated by increases in endogenous 
antioxidant molecules (GSH and catalase) and decreased 
MDA levels in the brains of rats subjected to BCCAO. The 
combination of Indian propolis (100 mg/kg) with curcumin 
(100 mg/kg) also inhibited the AChE activity in the brain of 
rats. BCCAO is a well characterized and classical model for 
the induction of VaD.38 Moreover, it was found to decrease 
brain antioxidant defense systems such as GSH and CAT 
levels and the increased levels of MDA, suggesting increased 
lipid peroxidation due to oxidative stress.39 Additionally, the 
cholinergic system has a very important role in cognitive 
processes and based on the studies exploring cholinergic 
changes in the experimental models of VaD, it has been 
documented that cholinergic deficits with increased AChE 
activity is closely related to the pathophysiology of cognitive 
impairments.40 Thus, the brain activity of AChE, a major 
biomarker of cholinergic function was measured in this study. 
Our data showed that animals subjected to BCCAO model, had 
increased brain activity of AChE, the enzyme responsible for 
the degradation of ACh. Previous studies have established that 
a decreased synaptic concentration of ACh plays a crucial role 
in cognitive dysfunctions in stroke.41 Thus, the ability of the 
combination of Indian propolis (100 mg/kg) with curcumin 
(100 mg/kg) to reduce brain activity of AChE in BCCAO rats 
suggests that it might enhance cognitive function in the VaD 
rats. Meanwhile, it is important to note that Indian propolis 
has been reported to contain the important biologically active 
compounds namely caffeic acid phenethyl ester, pinocembrin, 
and galangin. These compounds have been reported to have 
neuroprotective effect.42 Curcumin, another magical herb 
explored for its diverse pharmacological activity exhibit the 
neuroprotective property also.43 In the study it was found 
that the combination of the Indian propolis with curcumin 
synergizes the effect of each other to prevent the progression 
of VaD. 

CONCLUSION
In the present study, it was concluded that the observed 
cognitive impairment and neurodegeneration are associated 
with increased oxidative stress, declined cholinergic neuro-
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 a. CMC Group 
 b. SHAM Group  c. BCCAO Group 

 d. BCCAO+CUR Group  e. BCCAO+IP Group  f.   BCCAO+IP+CUR 
grGroup 

Figure 8: Histopathological images of rat brain from different treatment groups, where an individual image represents the brain for the following 
treatment groups in the respective slides as: (a) Group I- Control model group (CMC), (b) Group II- Sham operated group (SHAM), (c) Group 

III- Bilateral common carotid artery occlusion group (BCCAO), (d) Group IV-Curcumin group (BCCAO+CUR 200 mg/kg), (e) Group V- Indian 
propolis group (BCCAO+IP200 mg/kg), (f) Group VI- Combination of Indian propolis and curcumin (BCCAO+IP, 100 mg/kg+CUR,100 mg/kg)

transmission, and neurochemical alterations in the brain due 
to the induction of BCCAO. The result of present study elicits 
that the combination of Indian propolis (100 mg/kg) with 
curcumin (100 mg/kg) was much effective for neuroprotection 
than curcumin (200 mg/kg) and Indian propolis (200 mg/kg) 
individually. However Indian propolis individually also pro-
vided significant effect than individual curcumin which results 
that Indian propolis in combination with curcumin could be 
better interventions for the treatment of VaD, and the observed 
activities will be more beneficial and novel in grabbing the 
researcher’s attention and emphasizing future research.
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