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Abstract- Cerebral ischemic stroke is a common leading cause of disability. Flaxseed is a richest plant-based 

source of antioxidants. In this study, the effects of flaxseed oil (FSO) pretreatment on functional motor recovery 

and gene expression and protein content of neurotrophic factors in motor cortex area in rat model of brain 

ischemia/reperfusion (I/R) were assessed. Transient middle cerebral artery occlusion (tMCAo) in rats was used 

as model brain I/R. Rats (6 in each group) were randomly divided into four groups of Control (Co+normal 

saline [NS]), Sham (Sh+NS), tMCAo+NS and tMCAo+FSO. After three weeks of pretreatment with vehicle 

or FSO (0.2 ml~800 mg/kg body weight), the rats were operated in sham and ischemic groups. Ischemia was 

induced for 1 h and then reperfused. After 24 h of reperfusion, neurological examination was performed, and 

animals were sacrificed, and their brains were used for molecular and histopathological studies. FSO 

significantly improved the functional motor recovery compared with tMCAo+NS group (P<0.05). A 

significant reduction in brain-derived neurotrophic factor (BDNF) and glial cell-derived neurotrophic factor 

(GDNF) mRNAs and protein levels were observed in the tMCAo+NS group compared with Co+NS and Sh+NS 

group (P<0.05). A significant increase of BDNF and GDNF mRNAs and proteins was recorded in the 

tMCAo+FSO group compared with Co+NS, Sh+NS and tMCAO+NS groups (P<0.05). The results of the 

current study demonstrated that pretreatment with FSO had neuroprotective effects on motor cortex area 

following cerebral ischemic stroke by increasing the neurotrophic factors (BDNF, GDNF).  

© 2017 Tehran University of Medical Sciences. All rights reserved.  
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Introduction 
 

Cerebral ischemic stroke is a major leading cause of 

death around the world (1). The cerebral ischemic stroke 

occurs in about 80% of all stroke cases by obstruction of 

the cerebral blood supply (2). This condition can damage 

different functions such as sensory and motor functions, 

cognition  and communication depending on the regions 

where the ischemic stroke involve (3).  

No long-term and effective clinical therapeutics have 

been introduced for motor impairment following the 

stroke (4,5). Several studies have shown that natural and 

herbal medicines can be applied as a protective agent to 

treat a wide range of disease categories (6-10). Flaxseed 

(FS, Linum usitatissimum) meal and flaxseed oil (FSO) 

have been used as food in Asian, European and African 

centuries. Recently, FS was introduced as the richest 

plant-based source of omega-3 (ω-3/n-3) polyunsaturated 

fatty acids (PUFAs), specifically α-linolenic acid (ALA) 

(11,12). Different animal studies reported that the dietary 

supplementation of FS/FSO has protective effects during 

ischemia-reperfusion and hypercholesterolemic 
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conditions (13-15). These healing effects are associated 

with the activity of ALA or its longer-chain PUFA 

derivatives such as docosahexaenoic acid (DHA) and 

eicosapentaenoic acid (EPA) (16). Moreover, FS is a 

dietary source of fiber (17) and phytoestrogenic lignans 

that are suggested to have free radical scavenging and/or 

antioxidant characteristics (18-21). Further, it was shown 

that deprivation of n-3 decreases the neurotrophic factor 

content in animal models (17,22).  

Brain-derived neurotrophic factor (BDNF), identified 

as one of the critical growth factors promotes the neuronal 

survival and regulate the different neuronal functions 

such as differentiation, migration and synaptic function in 

the central nervous system (CNS). It induces these effects  

through the tropomyosin receptor kinase B (TrkB) 

signaling (23,24). It has been suggested that BDNF 

decrease the infarct size following brain ischemia (25,26), 

induce widespread neuronal remodeling and improve 

motor function (27). Glial cell line-derived neurotrophic 

factor (GDNF) also has been shown to have 

neuroprotective effects. This can decrease the brain 

edema and size of infarct following ischemic brain injury 

(27-29). GDNF promotes the function of various types of 

peripheral neurons and regulates their differentiation and 

migration (29-32).  

As FS is one of the richest dietary sources of PUFAs 

and antioxidants and discussed above, 3 weeks 

pretreatment with FSO was used, and after 24 h of 

ischemia-reperfusion, its effects on neurotrophic factors 

were evaluated following transient middle cerebral artery 

occlusion (tMCAo) model of ischemia.  

  

Materials and Methods 

 

Animals 

In this study, 24 male Wistar rats with 26 to 28 months 

aged (classified as old) and weighing 280 to 320 gr were 

kept in a standard animal room with 12 h light/dark cycle. 

They kept in the cages with free access to food and water. 

The animals cared in accordance with the guidelines of 

Tehran University of medical sciences on animal care. 

The experiment was approved by Animal Ethics 

Committee of this university. 

 

Transient middle cerebral artery occlusion (tMCAo) 

Focal cerebral ischemia/reperfusion was induced in 

the left hemisphere tMCAo. Under the anesthesia induced 

with isoflurane (5.0%, Baxter International) and 

spontaneously inhaled with 1.0-2.0% isoflurane, the left 

common carotid artery (CCA) was exposed through a 

midline neck incision. Adjacent vagus nerve was isolated, 

and the bifurcation of CCA was found. Then, internal 

carotid artery (ICA) was carefully dissected to conduct an 

intraluminal 4-0 nylon monofilament (Doccol Co., USA) 

to block the origin of the medial carotid artery (MCA). In 

this way, the monofilament was inserted into the CCA 

and conducted into ICA to occlude the MCA. In the 

sham-operated group, the surgery was applied by 

inserting the monofilament into the ICA and immediately 

withdrew.  

 

Animal groups and treatments 

Rats were randomly allocated to the following three 

groups (n=8 for each group): 

- Group I: Co+NS. Rats served as vehicle control 

and received saline (0.2 ml saline/rat) by oral 

administration (gavage) for 3 weeks without any 

procedure.  

- Group II: Sham+NS. Rats received normal 

saline (0.2 ml saline/rat) by gavage (orally) 

administration for 3 weeks before the procedure 

and operated without ischemia induction.  

- Group III: tMCAo+NS. Rats received normal 

saline (0.2 ml saline/rat) by gavage (orally) 

administration for 3 weeks before the procedure 

and subjected to occlusion for 1 h followed by 24 

h reperfusion.  

- Group IV: tMCAo+FSO. Rats received 0.2 ml 

(~800 mg/kg body weight) of flaxseed oil (FSO) 

by gavage (orally) administration for 3 weeks 

before the procedure and induced brain ischemia. 

Neurologic examination  

The neurologic examination was performed for each 

rat 24 h after procedure according to Bederson et al., 

study (33). This neurological assessment included a 

grading System of 0-3. In this system, the flexion of 

forelimb contralateral to the injured hemisphere after 

suspending each rat by the tail and circling behavior of 

rats toward the paretic side were the criteria for 

evaluation. Rats with normal neurological function 

extend both forelimbs toward the floor. Grade 0 

(Normal): no observable deficit; grade 1 (Moderate): 

forelimb flexion; grade 2 (Severe): decreased resistance 

to lateral push (and forelimb flexion) without circling; 

grade 3 (Severe): the same behavior as grade 2 with 

circling.  

 

Total RNA extraction and quantitative real-time PCR 

After 24 h, gene expression of BDNF and GDNF were 

evaluated (n=3 in each group). Under anesthesia, the 

brain rapidly removed and placed in ice-cold saline 

(0.9%). Then, the coronal sections (1 mm) were prepared, 
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and the left motor cortex area was isolated (34). The 

expression of BDNF and GDNF genes in motor cortex 

area was measured using quantitative real time PCR (ABI 

PRISM 7500 real-time PCR system, Roche Diagnostics, 

Germany). The total RNA was extracted, and cDNA was 

synthesized from 1 μg total RNA using PrimeScript RT 

Reagent Kit (Takara Bio Inc., Otsu, Japan). Quantitative 

real-time PCR was carried out in a Cycler (Light Cycler 

2.0, Roche) using SYBR Green (Takara Bio Inc., Otsu, 

Japan). The primers were designed using Allele ID 

software (version 6) (Table 1). The b-actin gene 

considered as the internal control standard.  

 

Table 1. The list of primers and expected length of products 

Genes Forward primer Reverse primer Amplicon size (bp) 

BDNF AATAATGTCTGACCCCAGTGCC CTGAGGGAACCCGGTCTCAT 196 

GDNF GCGCTGACCAGTGACTCCAA GCGACCTTTCCCTCTGGAAT 189 

b-actin ACAACCTTCTTGCAGCTCCTC CTGACCCATACCCACCATCAC 200 

 

 

Concentration of BDNF and GDNF proteins in motor 

cortex area 

The protein concentrations of BDNF and GDNF in 

motor cortex area rats (three in each group) were 

evaluated using ABCAM ELISA kits in accordance with 

their manufacturer's guidelines. Motor cortex area was 

harvested and homogenized using lysis. Then it was 

centrifuged at 14,000 rpm at 4° C for 3 min, and the 

supernatant was diluted using sample buffer. 

Subsequently, it was incubated in 96-well flat-bottom 

plates previously coated with anti-BDNF and anti-GDNF 

monoclonal antibodies. Then, the plates were incubated 

with polyclonal anti-rabbit antibody for 2 h. For 

calculating the protein concentration, the color reaction 

with tetramethylbenzidine was quantified in a plate reader 

at 450 nm.  

 

Histopathological study for determination of neuronal 

damage 

Three rats in each group were selected for light 

microscopy study. Under deep anesthesia, the brains were 

prefixed by a transcardial perfusion 2500 mL normal 

saline (NS) followed by 250 mL of 4% paraformaldehyde 

(PFA, Sigma) in 0.1 M phosphate buffer pre-fixation). 

The brains were cut coronally into 3-5 mm-thick sections 

including coronal sections (1.7-2.8 mm posterior to the 

bregma) (34). The post-fixed was performed using 10% 

formalin at 4° C for 72 h. For histopathological studies, 

the brain samples were embedded in paraffin, and 5 µm 

coronal sections (one from every five sections) were 

prepared using a rotary microtome (Leica Biosystems, 

Milan, Italy). For light microscopy observation, the tissue 

sections stained with Hematoxylin and eosin (H and E) 

according to the standard protocol (35) and analyzed 

using a light field microscope (Olympus, CX31, Tokyo, 

Japan). The shrunken and ischemic cells with dark 

appearance (dark neurons) in the motor cortex were 

counted in at least three ×400 images prepared using a 

camera connected to the microscope (36). The number of 

dark neurons was expressed as a percentage of the total 

number of neurons. 

 

Statistical analysis 

Quantitative data were expressed as mean±standard 

error of the mean (SEM). The data were analyzed 

statistically by one-way analysis of variance (ANOVA) 

with post hoc of Tukey's tests. Non-parametric test 

(Kruskal-Wallis Test) were used to analyzing the data 

with abnormal distribution. The significant level was 

considered as P<0.05.  

 

Results 
 

Effects of FSO pretreatment on functional motor 

recovery in rats with tMCAo 

According to the figure 1, there were significant 

differences in the mean grade of the neurological score. 

A significant decrease was observed in the mean grade of 

the neurological score in the tMCAo+NS group compared 

to Co+NS and Sh+NS groups (P<0.05, figure 1). There 

was significant increase in the mean grade of the 

neurological score in the tMCAo+FSO group compared 

with tMCAo+NS groups (P<0.05, figure 1).  

 

Effects of FSO pretreatment on BDNF and GDNF 

gene expression in motor cortex area in rats with 

tMCAo 

According to the figure 1a, there were significant 

differences in the gene expression of BDNF and GDNF 

between study groups. A significant decrease was 

observed in the gene expression of BDNF in the tMCAo 

group compared with Co and Sh groups (P<0.05, figure 

2a). There was significant increase in the gene expression 

of BDNF in the tMCAo+FSO group compared to Co+NS, 

Sh+NS and tMCAo+NS groups (P<0.05, figure 2a). 

Furthermore, a significant increase was recorded in the 
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gene expression of GDNF in the tMCAo+FSO group 

compared to Co+NS, Sh+NS and tMCAo+NS groups 

(P<0.05, figure 2b). 

 

 
Figure 1. Effects of FSO on functional motor recovery following brain ischemia in rat. a:P < 0.05 compared to Co+NS group; b:P<0.05 compared to 

Sham+NS groups, c:P<0.05 compared to the tMCAo+NS group. Co+NS: normal group with normal saline pretreatment, Sham+NS: sham-operated 

group with normal saline pretreatment; tMCAo+NS: Ischemia induction group with normal saline pretreatment, tMCAo+FSO: Ischemia induction 

group with flaxseed oil pretreatment 

 

 
Figure 2. Effects of FSO on neurotrophic factor gene expression of motor cortex area following brain ischemia in rat. a) BDNF gene expression, b) 

GDNF gene expression. a:P< 0.05 compared to Co+NS group; b:P < 0.05 compared to Sham+NS groups, c:P < 0.05 compared to the tMCAo+NS 

group. Co+NS: normal group with normal saline pretreatment, Sham+NS: sham-operated group with normal saline pretreatment; tMCAo+NS: 

Ischemia induction group with normal saline pretreatment, tMCAo+FSO: Ischemia induction group with flaxseed oil pretreatment 

 

 

Effects of FSO pretreatment on BDNF and GDNF 

protein concentration in motor cortex area in rats 

with tMCAo 

According to ELISA results, the protein concentration 

of BDNF was reduced in the tMCAo group compared 

with Co+NS and Sh+NS groups (P<0.05, figure 3a). 

There was significant increase in the concentration of 

BDNF protein in the tMCAo+FSO group compared with 

Co+NS, Sh+NS and tMCAo+NS groups (P<0.05, figure 

3a). The protein concentration of GDNF significantly was 

reduced in the tMCAo group compared to Co+NS and 

Sh+NS groups (P<0.05, figure 3b). Moreover, a 

significant increase was observed in the protein 

concentration of GDNF in the tMCAo+FSO group 

compared to Co+NS, Sh+NS and tMCAo+NS groups 

(p<0.05, figure 3b). 
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Figure 3. Effects of FSO on neurotrophic factor protein concentration of motor cortex area following brain ischemia in rat. a) BDNF protein 

concentration, b) GDNF protein concentration. a:P< 0.05 compared to Co+NS group; b:P < 0.05 compared to Sham+NS groups, c:P< 0.05 compared 

to the tMCAo+NS group. Co+NS: normal group with normal saline pretreatment, Sham+NS: sham-operated group with normal saline pretreatment; 

tMCAo+NS: Ischemia induction group with normal saline pretreatment, tMCAo+FSO: Ischemia induction group with flaxseed oil pretreatment 

 

 

Effects of FSO pretreatment on the number of dark 

neurons in motor cortex area of in rats with tMCAo 

The percentage of dark neurons was calculated in the 

cortex area of hippocampus in the study groups. There 

was significant increase in the mean percentage of dark 

neurons in tMCAo+NS and tMCAo+FSO groups 

compared with Co+NS, Sh+NS (P<0.05, figure 4). A 

significant decrease was reported in the mean number of 

dark neurons in tMCAo+FSO compared to tMCAo+NS 

group (P<0.05, figure 4). 

 

 
Figure 4. Effects of FSO on the percentage of dark neurons of cortex area following brain ischemia in rat. A-a) Co+NS group, A-b) Sham+NS 

group, A-c) tMCAo+NS group, A-d) tMCAo+FSO group (×400),. B) Comparing the dark neuron percentage in different groups a:P < 0.05 compared 

to Co+NS group; b: a:P < 0.05 compared to Sham+NS group, c: P < 0.05 compared to the tMCAo+NS group. Co+NS: normal group with normal 

saline pretreatment, Sham+NS: sham-operated group with normal saline pretreatment; tMCAo+NS: Ischemia induction group with normal saline 

pretreatment, tMCAo+FSO: Ischemia induction group with flaxseed oil pretreatment 

 

Discussion 
 

A cascade of pathological events following the brain 

ischemia is related to a complex process involving 
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metabolic dysfunction, neuronal loss and neurological 

deficit symptoms (37,38). The most common affected 

areas are cerebral cortex and  striatum after transient brain 

ischemia (39,40). The brain I/R occurs with high 

incidence of disabilities and mortalities which were 

confirmed in tMCAo model of brain ischemic stroke 

(41,42). To mimic these clinical conditions, we used 

tMCAo as a model of cerebral I/R for experimental 

evaluations in rats.  

As the mechanisms of the brain, I/R were investigated 

in different studies in recent years, the new 

neuroprotective strategies have been developed to protect 

the brain from cerebral ischemia. The impacts of different 

agents with natural sources have been tried on various 

types of cerebral I/R models (43-46). FSO 

supplementation with high concentrations of omega-3 

fatty acids and lignans and antioxidant and anti-

inflammatory properties were used in different studies to 

reduce the injuries from I/R condition in different tissues 

(14,47,48).  

The finding of the present study demonstrated that the 

pattern of the neurotrophic factors (BDNF and GDNF) 

expression was disrupted in motor cortex area after 

tMCAo. Further, pretreatment with FSO could upregulate 

the expression of neurotrophic factors (BDFN and 

GDNF) in the cerebral motor cortex area following brain 

I/R.  

Different mechanisms have been suggested for 

beneficial effects of FSO against neurological defects. It 

was shown that FS might ameliorate I/R injury by 

increasing the reactive oxygen species (ROS) 

detoxification and/or decreasing ROS generation (47). 

Moreover, the results of studies revealed that oral 

consumption of ALA enhances the serum level of BDNF 

in healthy human adults (49). In a study by Luo et al., 

(2014), it was stated that fat-1 mice (fat-1 gene encoding 

for ω-3 fatty acid desaturase) with high endogenous ω-3 

PUFAs exhibit protective effects on hippocampal CA1 

neurons and cognitive functions in a global ischemia 

injury model. 

Ma et al., (2013) demonstrated that 

secoisolariciresinoldiglycoside (SDG) as a predominant 

lignan in flaxseed, could enhance the BDNF level in the 

frontal cortex of in ovariectomized mice subjected to 

unpredictable chronic stress (50). It should be considered 

that administration of neurotrophic factors can promote 

the neuronal survival following the brain ischemia based 

on literature. In a review article, Chen et al., (2013) 

demonstrated that BDNF is a safe and potential agent 

with neuroprotective characteristics against brain IR 

injury (51). In addition, Duarte et al., (2012) showed the  

neuroprotective effects of GDNF following the ischemic 

brain (28). According to the results, pretreatment with 

FSO can protect the neurons of motor cortex area against 

the IR injury by increasing the BDNF and GDNF levels.  

Based on the findings, the percentage of dark neurons 

in the motor cortex area increased in the tMCAo group, 

and the neurological score showed the severe disabilities 

in this group. Among the different animal models for 

brain ischemia, tMCAo has been introduced as a rodent 

model of ischemia which is performed to study the 

mechanisms triggered following the ischemia condition 

and evaluate the potential therapies (52,53). In the current 

study, pretreatment with FSO could effectively enhance 

the functional motor recovery following the ischemia. 

Moreover, the percentage of dark neurons in motor cortex 

area reduced in this group compared to the tMCAo group. 

Same results which showed that FS could improve 

memory and motor activity in animal models were 

obtained from different investigations. Fernandes et al., 

(2011) showed that maternal intake of FS-based diet 

improved spatial memory and locomotor activity by 

increasing the on the fatty acid profile of hippocampus 

(54). Moreover, de Barros Mucci et al., (2015) found that  

maternal FS intake improved motor hyperactivity and 

spatial memory in a rat model of neonatal hypoxic-

ischemic encephalopathy (55). 

According to these findings, it can be concluded that 

pretreatment with FSO exhibit neuroprotective effects on 

neurons of motor cortex area and enhance the functional  

motor recovery following the cerebral I/R injury by 

increasing the BDNF and GDNF levels 

 

References 
 

1. Delcroix GJ-R, Schiller PC, Benoit J-P, Montero-Menei 

CN. Adult cell therapy for brain neuronal damages and the 

role of tissue engineering. Biomaterials 2010;31:2105-20. 

2. Thrift AG, Dewey HM, Macdonell RA, McNeil JJ, 

Donnan GA. Incidence of the major stroke subtypes. 

Stroke 2001;32:1732-8. 

3. Bani-Yaghoub M, Tremblay RG, Ajji A, Nzau M, 

Gangaraju S, Chitty D, et al. Neuroregenerative strategies 

in the brain: emerging significance of bone morphogenetic 

protein 7 (BMP7). Biochem Cell Biol 2008;86:361-9. 

4. Gurgo RD, Bedi KS, Nurcombe V. Current concepts in 

central nervous system regeneration. J Clin Neurosci 

2002;9:613-7. 

5. Case LC, Tessier-Lavigne M. Regeneration of the adult 

central nervous system. Curr Biol 2005;15:R749-53. 

6. Ghaderi R, Afshar M. Topical application of honey for 

treatment of skin wound in mice. Iran J Med Sci 



A. Bagheri, et al. 

    Acta Medica Iranica, Vol. 55, No. 12 (2017)    791 

2015;29:185-8. 

7. Jahanshahi M, Golalipour M, Afshar M. The effect of 

Urtica dioica extract on the number of astrocytes in the 

dentate gyrus of diabetic rats. Folia Morphol (Warsz) 

2009;68:93-2. 

8. Golalipour MJ, Ghafari S, Afshar M, Öztürk Y, Berktaş S, 

Soylu Öb, Et Al. Related articles editorial protective role 

of Urtica dioica L.(Urticaceae) extract on hepatocytes 

morphometric changes in STZ diabetic Wistar rats. Turk J 

Gastroenterol 2010;21:262-9. 

9. Golalipour MJ, Jahanshahi M, Ghafari S, Afshar M. The 

preventive and treatment effect of Urtica dioica on 

astrocyte density in the CA1 and CA3 subfields of 

hippocampus in STZ induced diabetic rats. Int J Morphol 

2013;31:693-9. 

10. 01.  Ghosh N, Ghosh R, Bhat ZA, Mandal V, Bachar SC, 

Nima ND, et al. Advances in herbal medicine for treatment 

of ischemic brain injury. Nat Prod Commun 2014;9:1045-

55. 

11. Connor WE. α-Linolenic acid in health and disease. Am J 

Clin Nutr 1999;69:827-8. 

12. Mokhtari T, Ghanesefat HF, Hassanzadeh G, Moayeri A, 

Haeri SMJ, Kanavee AR, et al. Effects of Flaxseed oil 

supplementation on renal dysfunction due to 

ischemia/reperfusion in rat. 

13. Prasad K. Hypocholesterolemic and antiatherosclerotic 

effect of flax lignan complex isolated from flaxseed. 

Atherosclerosis 2005;179:269-75. 

14. Ander BP, Weber AR, Rampersad PP, Gilchrist JS, Pierce 

GN, Lukas A. Dietary flaxseed protects against ventricular 

fibrillation induced by ischemia-reperfusion in normal and 

hypercholesterolemic rabbits. J Nutr 2004;134:3250-6. 

15. Nounou HA, Deif MM, Shalaby MA. Effect of flaxseed 

supplementation and exercise training on lipid profile, 

oxidative stress and inflammation in rats with myocardial 

ischemia. Lipids Health Dis 2012;11:129. 

16. Burdge GC, Calder PC. Conversion of alpha-linolenic acid 

to longer-chain polyunsaturated fatty acids in human 

adults. Reprod Nutr Dev 2005;45:581-97. 

17. Rao J, Ertley R, Lee H, DeMar J, Arnold J, Rapoport S, et 

al. n-3 polyunsaturated fatty acid deprivation in rats 

decreases frontal cortex BDNF via a p38 MAPK-

dependent mechanism. Mol Psychiatr 2007;12:36-46. 

18. Zanwar AA, Hegde M, Bodhankar S. In vitro antioxidant 

activity of ethanolic extract of Linum usitatissimum. 

Pharmacologyonline 2010;1:683-96. 

19. Newairy A-SA, Abdou HM. Protective role of flax lignans 

against lead acetate induced oxidative damage and 

hyperlipidemia in rats. Food Chem Toxicol 2009;47:813-

8. 

20. Xu J, Gao H, Song L, Yang W, Chen C, Deng Q, et al. 

Flaxseed oil and alpha-lipoic acid combination ameliorates 

hepatic oxidative stress and lipid accumulation in 

comparison to lard. Lipids Health Dis 2013;12:58. 

21. Kitts D, Yuan Y, Wijewickreme A, Thompson L. 

Antioxidant activity of the flaxseed lignan 

secoisolariciresinol diglycoside and its mammalian lignan 

metabolites enterodiol and enterolactone. Mol Cell 

Biochem 1999;202:91-100. 

22. Ikemoto A, Nitta A, Furukawa S, Ohishi M, Nakamura A, 

Fujii Y, et al. Dietary n-3 fatty acid deficiency decreases 

nerve growth factor content in rat hippocampus. Neurosci 

Lett 2000;285:99-102. 

23. Huang EJ, Reichardt LF. Neurotrophins: roles in neuronal 

development and function 1. Annu Rev Neurosci 

2001;24:677-736. 

24. Sabbaghziarani F, Mortezaee K, Akbari M, Soleimani M, 

Moini A, Ataeinejad N, et al. Retinoic acid-pretreated 

Wharton’s jelly mesenchymal stem cells in combination 

with triiodothyronine improve expression of neurotrophic 

factors in the subventricular zone of the rat ischemic brain 

injury. Metab Brain Dis 2017;32:185-93. 

25. Schäbitz W-R, Schwab S, Spranger M, Hacke W. 

Intraventricular brain-derived neurotrophic factor size 

after focal cerebral ischemia in rats. J Cereb Blood Flow 

Metab 1997;17:500-6. 

26. Schäbitz W-R, Sommer C, Zoder W, Kiessling M, 

Schwaninger M, Schwab S. Intravenous brain-derived 

neurotrophic factor reduces infarct size and 

counterregulates Bax and Bcl-2 expression after temporary 

focal cerebral ischemia. Stroke 2000;31:2212-7. 

27. Schäbitz W-R, Berger C, Kollmar R, Seitz M, Tanay E, 

Kiessling M, et al. Effect of brain-derived neurotrophic 

factor treatment and forced arm use on functional motor 

recovery after small cortical ischemia. Stroke 

2004;35:992-7. 

28. Duarte EP, Curcio M, Canzoniero LM, Duarte CB. 

Neuroprotection by GDNF in the ischemic brain. Growth 

Factors 2012;30:242-57. 

29. Kitagawa H, Hayashi T, Mitsumoto Y, Koga N, Itoyama 

Y, Abe K. Reduction of ischemic brain injury by topical 

application of glial cell line–derived neurotrophic factor 

after permanent middle cerebral artery occlusion in rats. 

Stroke 1998;29:1417-22. 

30. Airaksinen MS, Saarma M. The GDNF family: signalling, 

biological functions and therapeutic value. Nat Rev 

Neurosci 2002;3:383-94. 

31. Sariola H, Saarma M. Novel functions and signalling 

pathways for GDNF. J Cell Sci 2003;116:3855-62. 

32. Ibáñez CF. Beyond the cell surface: new mechanisms of 

receptor function. Biochem Biophys Res Commun 

2010;396:24-7. 



The neuroprotective effects of flaxseed oil in stroke model 

792    Acta Medica Iranica, Vol. 55, No. 12 (2017)  

33. Bederson JB, Pitts LH, Tsuji M, Nishimura MC, Davis RL, 

Bartkowski H. Rat middle cerebral artery occlusion: 

evaluation of the model and development of a neurologic 

examination. Stroke 1986;17:472-6. 

34. Paxinos G, Watson C, eds. The rat brain in stereotaxic 

coordinates. 6 ed. San Diego Boston New York: Harcourt 

Brace Jovanovich, 2007:11-30. 

35. Mokhtari T, Akbari M, Malek F, Kashani IR, Rastegar T, 

Noorbakhsh F, et al. Improvement of memory and learning 

by intracerebroventricular microinjection of T3 in rat 

model of ischemic brain stroke mediated by upregulation 

of BDNF and GDNF in CA1 hippocampal region. Daru 

2017;25:4. 

36. Atlasi MA, Naderian H, Noureddini M, Fakharian E, 

Azami A. Morphology of Rat Hippocampal CA1 neurons 

following modified two and four-vessels global ischemia 

models. Arch Trauma Res 2013;2:124-8. 

37. Mattson M, Duan W, Pedersen W, Culmsee C. 

Neurodegenerative disorders and ischemic brain diseases. 

Apoptosis 2001;6:69-81. 

38. Dirnagl U, Iadecola C, Moskowitz MA. Pathobiology of 

ischaemic stroke: an integrated view. Trends Neurosci 

1999;22:391-7. 

39. Butler TL, Kassed CA, Sanberg PR, Willing AE, 

Pennypacker KR. Neurodegeneration in the rat 

hippocampus and striatum after middle cerebral artery 

occlusion. Brain Res 2002;929:252-60. 

40. Erfani S, Khaksari M, Oryan S, Shamsaei N, Aboutaleb N, 

Nikbakht F, et al. Visfatin reduces hippocampal CA1 cells 

death and improves learning and memory deficits after 

transient global ischemia/reperfusion. Neuropeptides 

2015;49:63-8. 

41. Mao Y, Yang G-Y, Zhou L-F, Stern JD, Betz AL. Focal 

cerebral ischemia in the mouse: description of a model and 

effects of permanent and temporary occlusion. Mol Brain 

Res 1999;63:366-70. 

42. Hill WD, Hess DC, Carroll JE, Wakade CG, Howard EF, 

Chen Q, et al. The NF-κB inhibitor diethyldithiocarbamate 

(DDTC) increases brain cell death in a transient middle 

cerebral artery occlusion model of ischemia. Brain Res 

Bull 2001;55:375-86. 

43. Oruc S, Gönül Y, Tunay K, Oruc OA, Bozkurt MF, 

Karavelioğlu E, et al. The antioxidant and antiapoptotic 

effects of crocin pretreatment on global cerebral ischemia 

reperfusion injury induced by four vessels occlusion in 

rats. Life Sci 2016;154:79-86. 

44. Gupta S, Gupta YK. Combination of Zizyphus jujuba and 

silymarin showed better neuroprotective effect as 

compared to single agent in MCAo-induced focal cerebral 

ischemia in rats. J Ethnopharmacol 2017;197:118-127. 

45. Attari F, Sharifi ZN, Movassaghi S, Aligholi H, Alizamir 

T, Hassanzadeh G. Neuroprotective Effects of Curcumin 

Against Transient Global Ischemia are Dose and Area 

Dependent. Arch Neurosci 2016;3:e32600. 

46. Bayat M, Tameh AA, Ghahremani MH, Akbari M, Mehr 

SE, Khanavi M, et al. Neuroprotective properties of 

Melissa officinalis after hypoxic-ischemic injury both in 

vitro and in vivo. Daru 2012;20:42. 

47. Lee JC, Bhora F, Sun J, Cheng G, Arguiri E, Solomides 

CC, et al. Dietary flaxseed enhances antioxidant defenses 

and is protective in a mouse model of lung ischemia-

reperfusion injury. Am J Physiol Lung Cell Mol Physiol 

2008;294:L255-65. 

48. Hosseini S, Rahnema M, Bigdeli MR. Effect of Pre-nutrion 

of Flax Seed Oil (Linum Usitatissimum) on the amount of 

Cerebral ischemic lesion and motor nerve disorders in 

animal model rat. Armaghane Danesh 2015;20:558-71. 

49. Hadjighassem M, Kamalidehghan B, Shekarriz N, 

Baseerat A, Molavi N, Mehrpour M, et al. Oral 

consumption of α-linolenic acid increases serum BDNF 

levels in healthy adult humans. Nutr J 2015;14:20. 

50. Ma X, Wang R, Zhao X, Zhang C, Sun J, Li J, et al. 

Antidepressant-like effect of flaxseed secoisolariciresinol 

diglycoside in ovariectomized mice subjected to 

unpredictable chronic stress. Metab Brain Dis 2013;28:77-

84. 

51. Chen A, Xiong L-J, Tong Y, Mao M. The neuroprotective 

roles of BDNF in hypoxic ischemic brain injury (Review). 

Biomed Rep 2013;1:167-76. 

52. Sutherland BA, Neuhaus AA, Couch Y, Balami JS, 

DeLuca GC, Hadley G, et al. The transient intraluminal 

filament middle cerebral artery occlusion model as a model 

of endovascular thrombectomy in stroke. J Cereb Blood 

Flow Metab 2015:0271678X15606722. 

53. Shahjouei S, Cai PY, Ansari S, Sharififar S, Azari H, Ganji 

S, et al. Middle Cerebral Artery Occlusion Model of Stroke 

in Rodents: A Step-by-Step Approach. J Vasc Interv 

Neurol 2016;8:1-8. 

54. Fernandes FS, de Souza AS, do Carmo MdGT, Boaventura 

GT. Maternal intake of flaxseed-based diet (Linum 

usitatissimum) on hippocampus fatty acid profile: 

implications for growth, locomotor activity and spatial 

memory. Nutrition 2011;27:1040-7. 

55. de Barros Mucci D, Fernandes FS, dos Santos Souza A, de 

Carvalho Sardinha FL, Soares-Mota M, do Carmo MdGT. 

Flaxseed mitigates brain mass loss, improving motor 

hyperactivity and spatial memory, in a rodent model of 

neonatal hypoxic-ischemic encephalopathy. 

Prostaglandins, Leukotrienes and Essential Fatty Acids 

(PLEFA) 2015;97:13-9.

 


