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Abstract:
Background: Studies have demonstrated that estradiol 

influences cognitive functions. Phytoestrogens and 

many other estrogen-like compounds in plants have 

beneficial effects on cognitive performance in 

postmenopausal women. However, there is no evident 

report of fenugreek and choline-Docosahexaenoic Acid 

(DHA) on cognition in ovariectomized rats. Aim and 

Objectives: The present study was aimed to evaluate the 

therapeutic efficacy of fenugreek extract or/and choline-

DHA in attenuating ovariectomy-induced memory 

impairment, brain antioxidant status and hippocampal 

neural cell deficits in the rat model. Material and 

Methods: Female Wistar 9-10 months old rats were 

grouped (n=12/group) as - (1) Normal Control (NC), (2) 

Ovariectomized (OVX), (3) OVX+FG (hydroalcoholic 

seed extract of fenugreek), (4) OVX+C-DHA,(5) 

OVX+FG+C-DHA and (6) OVX+Estradiol. Groups 2-

6 were bilaterally OVX. FG, C-DHA was supplemented 

orally for 30 days, 14 days after ovariectomy. 

Assessment of learning and memory was performed by 

passive avoidance test. Oxidative stress and antioxidant 

markers were assessed by standard methods. Nissl 

stained hippocampal sections were analyzed to 

determine alterations in neural cell numbers in CA1, 

CA3 and dentate gyrus. Results: Supplementation of 

FG or/and choline with DHA to OVX rats, caused 

significant improvement in learning and memory as 

well as decreased neural cell deficits compared to the 

same in OVX rats. Further, significantly reduced levels 

of brain Malondialdehyde (MDA) and increased levels 

of Glutathione (GSH) were observed. Conclusion: 

Therapeutic supplementation of FG with choline-DHA 

significantly attenuates ovariectomy-induced neuro-

cognitive deficits in rats.
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Introduction:

The rapid decline of estrogen during the period of 

menopause in women is known to cause 

neurological changes in different areas of the 

central nervous system [1]. Women with an onset 

of menopause may experience hot flushes, 

depression, anxiety, sleep disorder, mood swings, 

learning and memory disorders [2]. Estrogen acts 

on target tissues via interaction with its receptors, 

ERα and ERβ on different cell types [3]. Several 

animal studies have provided evidence regarding 

the potential effects of estrogen therapy on 

cognitive behavior, hippocampal synaptic 

circuitry, neocortex and hypothalamus, although 

the nature and extent of cognitive improvement 

vary with age [4]. Decreased levels of estrogen are 

also associated with elevated oxidative stress 

during menopause. Studies show that this can be 

reversed with an antioxidant mechanism of 

estrogen [5], where estrogen interacts with 
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estrogen receptors, which eventually leads to 

Nuclear Factor kappa B (NFkB) and Mitogen-

activated Protein Kinases (MAPK) activation [6]. 

Studies also show that estrogen induces the 

Phosphatidylethanolamine-N-methyltransferase 

(PEMT) gene as well as facilitates increased 

PEMT activity in humans [7]. PEMT catalyzes the 

de-novo biosynthesis of Phosphatidylcholine 

(PC), a non-dietary source of choline [8]. Low 

choline intake leads to cognitive dysfunction in 

adults as choline is a precursor of PC, a major 

component of all biological membranes, including 

neurons and glial cells [9]. Therefore, women with 

lower estrogen concentration may require more 

choline for normal functioning of the brain. 

Additionally, studies also show that in PEMT -/- 

mice dietary supplementation of DHA helps in 

restoring normal fetal brain development [10]. 

Increasing omega-3 Polyunsaturated Fatty Acid 

(PUFA) intake has been proposed as a possible 

intervention for preventing or delaying age-

associated cognitive decline [11]. The rate-

limiting enzymes in PUFA biosynthesis, δ-5 and δ-

6 desaturases are stimulated by endogenous 

estrogen. The most effective treatment for 

menopausal adverse symptoms currently, is 

Hormone Replacement Therapy (HRT). However, 

the side effects due to its long-term use hinder the 

acceptance of HRT among post-menopausal 

women [12]. Thus, there is a need for alternative 

approaches to treat menopause-induced cognitive 

deficits. One such alternative/complementary 

therapy may be the use of fenugreek extract which 

is known to contain phytoestrogens. 

Trigonella foenum graecum, commonly known as 

Fenugreek (FG) belongs to the family Legu-

minosae [13]. FG is well known for its anti-

diabetic, anti-hyperlipidemic, analgesic, 

antioxidant and anti-cancer activities [14, 15]. 

The plant contains active components such as 

flavonoids, alkaloids, steroids and saponins [16]. 

Fenugreek seeds are known to contain diosgenin, 

and can mimic the estrogen and act as anti-

hyperlipidemic agent [17]. Moreover, choline is a 

key nutrient required for structural coherence and 

signaling function of cell membranes and 

neurotransmitter synthesis [18]. According to 

National Health and Nutrition Examination 

Survey (NHANES), only 4 and 2% of men and 

women respectively over the age of 71 years fulfill 

the adequate intake value [19]. Additionally, in 

brain DHA is the principle long-chain 

polyunsaturated fatty acid. DHA is involved in 

multiple brain functions including cell membrane 

fluidity, receptor affinity, and modulation of 

signal transduction molecules [20]. DHA has been 

known to have antioxidant, anti-inflammatory, 

and anti-apoptotic effects, which may slow brain 

deterioration [21].

Since post-menopausal life is prolonged as a 

result of enhanced female life expectancy, there is 

a need for new therapeutic strategies to promote 

successful aging in women with emphasis for 

improving quality of life with higher cognitive 

and physical abilities. Thus an attempt to delay or 

prevent the cognitive impairment associated with 

menopause is required. However, the phyto-

estrogens in fenugreek seeds as a source of 

supplement to estrogen in post-menopausal 

conditions is yet to be investigated. Similarly, 

choline-DHA supplementation singly or in 

combination with fenugreek extract on cognition 

of estrogen-deprived postmenopausal women has 

also not been investigated. Therefore, this study 

was designed to evaluate the therapeutic efficacy 

of fenugreek seed extract or/and choline-DHA in 
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attenuating ovariectomy-induced memory 

impairment, hippocampal neural cell deficits and 

brain antioxidant status in the rat model.

Materials and Methods:

Animals

Adult healthy female albino Wistar rats of 9-10 

months age were selected for this experiment. The 

study was carried out according to guidelines of 

CPCSEA and Institutional Animal Ethics 

Committee (IAEC/KMC/12/2015), Kasturba 

Medical College, Manipal Academy of Higher 

Education. Three rats were housed in a single 

polycarbonate cage. The rats were maintained 

under standard laboratory environmental condition 

(12 hours day-night cycle with a temperature of 22 

± 2°C) and allowed to access standard pellet diet 

and water ad libitum. 

Fenugreek seed extract preparation

Fenugreek seeds (100% organic seeds purchased 

from Pro Natural, India) were coarsely powdered 
o

and refluxed three times, at 85 C with 70% ethanol 

(1 liter each). Hydroalcoholic extract was filtered 

and concentrated under vacuum. Final drying was 

done using a freeze dryer. 

Experimental design

Rats were randomly grouped (n=12/group) as – 

Group 1- Normal control, fed with Normal Pellet 

Diet (NPD). Group 2 to 6 - bilaterally OVX under 

aseptic conditions, during the preoperative period, 

animals were anesthetized with Intra-peritoneal 

(IP) injection of ketamine (50 mg/kg b.w) and 

xylazine (5 mg/kg b.w) mixture. After checking 

withdrawal and blinking reflexes, a midline 

incision of the lower abdominal cavity was 

performed, followed by bilateral ovariectomy [22]. 

Group 2 animals were fed with NPD and served as 

OVX control. After two weeks of OVX, groups 3, 

4, 5 and 6 were supplemented either with fenugreek 

seed extract or choline-DHA, or combination of 

fenugreek seed extract with choline-DHA, or 17β-

estradiol, respectively, for 30 days. 

Dosage

Fenugreek seed extract - 200mg/kg/day, 

Choline - 4.6 mmol/kg/day and DHA - 300 

mg/kg/day were administered orally. 17β-

estradiol - 100μg/kg/day was administered 

subcutaneously. 

Behavioural Assessment

Two compartment passive avoidance test

After 30 days of supplementation period, learning 

and memory of rats were evaluated by passive 

avoidance test [23]. In the exploration trial, rats 

were placed in the middle of the box facing 

opposite to the entrance of small (dark) 

compartment and permitted to explore both the 

compartments for 3 minutes. Total time spent in 

larger and smaller compartments and latency to 

enter into the dark compartment were noted. Each 

rat was subjected to 3 exploration trials with inter-

trial interval of five minutes. After the last trial, 

rats were placed in the smaller compartment; three 

strong electric foot shocks (50 Hz, 1.5 mA, 2sec) 

with two-second interval was given. After 24 

hours of exploration trail, a retention test was 

carried without foot shock, during which rats were 

left in the larger compartment and permitted to 

explore both the compartments for 3 minutes. 

Each rat was given three trials with five minutes 

inter-trial interval. In each trial, the time spent in 

the larger and smaller compartment and latency 

time were noted. If a rat failed to enter into the 

dark compartment within 180sec, then the latency 

value was considered as 180sec. 
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Biochemical Assessment

After perfusing with cold saline, brains were 

quickly dissected out and one cerebral hemisphere 

was homogenized and samples were centrifuged 

(at 4°C); the supernatants were used for 

biochemical assays. 

Estimation of brain Malondialdehyde (MDA) 

level 

Twenty µl of brain homogenate was added to 300 

µl of Thiobarbituric Acid (TBA) - Trichloroacetic 

Acid (TCA) and placed in boiling water bath for 
0

15 min at 100 C. This reaction mixture was 

centrifuged after cooling. The pink colored 

supernatant was used to read the Optical Density 

(OD) at 535 nm [24].

Estimation of brain Glutathione (GSH) level 

About 100 µl of brain homogenate was added to 

100 µl of 5% TCA solution and centrifuged for 5 

minutes at 5000 rpm. Further, 25 µl of supernatant 

was added to 150 µl of sodium phosphate buffer 

(PBS 0.2 M, pH 8.0) and 25 µl of 5,5–dithio-bis-(2-

nitrobenzoic acid) (DTNB) (0.6mM) in 96-wells of 

the micro test plate. This plate was incubated at 

room temperature for 10 minutes and absorbance 

was read at 412 nm by using an ELISA reader Bio 

Tek Instruments ELx800- MS, (USA) [25].

Cresyl violet staining and neural cell counting

After the treatment and behavioral tests, all 

experimental rats were sacrificed and trans-

cardially perfused with normal saline and then by 

10% formalin. The brains were quickly removed, 

fixed in 10% formalin and processed for paraffin 

impregnation. Further, five micron thick sections 

were cut using rotary microtome and mounted 

serially on slides coated with gelatin. 

Brain sections from n=6 rats/group were then 

stained with 0.1% cresyl violet stain for 20-25 min 

at 60°C. Surviving neural cell quantification was 

carried out with the help of a light microscope 

(Magnus MLX, Microscope). Ten sections from 

each rat were selected for quantification. CA1, 

CA3 and dentate gyrus of hippocampal formation 

were considered. Surviving neural cells with a 

clear and distinct nucleus in these sub-regions of 

the hippocampus were quantified. Neural cells 

that were darkly stained and had shrunken cell 

body with irregular nuclei were excluded from 

quantification. Quantification was carried after 

the calibration of a light microscope by using an 

ocular micrometer and stage micrometer (Erma, 

Japan). 

Statistical analysis

Data analysis was done with one-way ANOVA 

followed by Bonferroni's post-hoc test (Graph Pad 

Prism). Results were expressed as mean ± SD and 

p-value ≤ 0.05 was expressed as significant. 

Results:

Passive Avoidance Test 

Time spent in dark compartment 

Twenty-four hours after administration of the foot 

shock, OVX animals showed poor memory 

retention and spent 66.2% of total duration in dark 

compartment. Control group spent around 20.5% 

of total duration, which is nearly three times lesser 

duration compared to OVX group. Whereas, 

OVX rats supplemented with fenugreek alone, 

choline-DHA alone, a combination of fenugreek 

with choline-DHA and estradiol spent 19.4%, 

30.5%, 20.9% and 22.9% of total duration 

respectively. (Table 1).

Latency to enter dark compartment

In memory retention test, OVX animals have 

taken 17.2% of total latency time for first entry 

into the dark compartment. Whereas OVX rats 
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supplemented with fenugreek alone, choline- 

DHA, a combination of fenugreek with choline- 

DHA and estradiol have taken 58%, 49.5%, 

59.8% and 48.8% of approximate total latency 

time respectively. Control group has taken 48.3% 

of total latency time, which is nearly three times 

longer duration compared to OVX group 

(Table1). 

Biochemical results

Antioxidant enzyme activities 

Our results revealed that the activity of GSH was 

8.01% less in OVX group compared to normal 

control group. Whereas fenugreek alone and 

choline-DHA alone supplemented groups showed 

5.06% and 2.33% more GSH activity compared to 

OVX group. However, a combination of 

fenugreek with choline-DHA and estradiol 

showed 7.21% and 6.26% more activity of GSH 

compared to OVX group (Table2). 

Lipid peroxidation marker level

MDA concentration in brain tissue of OVX 

animals was 3.42% higher compared to normal 

control animals. Supplementation with fenugreek 

alone, a combination of fenugreek with choline-

DHA and estradiol reduced 4.34%, 4.46% and 

4.37% MDA levels compared to OVX group. 

Choline- DHA supplemented group also showed 

3.28% reduction compared with OVX group 

(Table 2). 

Quantitative analysis of hippocampal neurons 

CA1 region

Microscopic examination of CA1 sub region of 

hippocampus showed 5.08% less viable neurons 

in OVX group compared to normal control group. 

Whereas OVX rats supplemented with fenugreek 

alone, choline-DHA, a combination of fenugreek 

with choline-DHA and estradiol showed 4.09%, 

Groups Time spent in dark 
compartment 

(180 Secs)

Latency to enter 
dark compartment 

(180 Secs)

NC 37.00± 25.36 86.92± 40.97

OVX 112.40 ± 39.23*** 31.00± 24.08*

OVX+FG ###35.17 ± 23.28 ##104.50± 47.17

OVX+C+DHA $$
55.83 ± 47.45

$
89.25± 48.78

OVX+FG+C+DHA &&&37.75± 35.36 &&&107.80± 46.14

OVX+E2 @@@
 41.33 ± 39.06

@
88.17± 47.65

Table 1: Effect of Fenugreek and Choline-DHA on Learning and 
Memory by Passive Avoidance Test

###Each value represents Mean ± SD. NC vs. OVX: *** p<0.001, * p<0.05; OVX vs. OVX+FG: p<0.001, 
## $$ $ &&& &&&p<0.01; OVX vs. OVX+C+D: p<0.01, p<0.05; OVX vs. OVX+ FG+C+D: p<0.001, p<0.001, 

@@@ @OVX+E2: p<0.001, p<0.05. NC=Normal control, OVX=Ovariectomy, FG=Fenugreek, C=Choline, 
DHA=Docosahexaenoic acid, E2=17β-estradiol
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2.93%, 5.04% and 3.49% more viable neurons 

with clear, distinct nucleus compared to OVX 

group respectively (Table 3 and Fig. 1). 

CA3 region

Quantification of neurons in CA3 sub region of 

the hippocampus of OVX animals showed 5.72% 

decreased survival neurons compared to normal 

control group. Although, choline-DHA 

supplemented group showed 3.3% more viable 

neurons compared to OVX, it was not significant 

statistically. However, the animals supplemented 

with fenugreek alone and a combination of 

fenugreek with choline-DHA, as well as estradiol, 

showed 5%, 5.88% and 4.69% more surviving 

neurons with clear, distinct nucleus compared to 

OVX group respectively (Table 3 and Fig. 1). 

Table 2: Effect of Fenugreek and Choline-DHA on Brain MDA 
and GSH Levels

Groups MDA
mg/tissue

GSH
mg/tissue

NC 1.19 ± 0.13 1.63± 0.18

OVX   1.44 ± 0.17* 0.97± 0.16**

OVX+FG ##1.13 ± 0.06 1.39± 0.25

OVX+C+DHA $
1.20 ± 0.14 1.16± 0.15

OVX+FG+C+DHA &&1.12± 0.05 &&1.57 ± 0.27

OVX+E2 @@
 1.13 ± 0.11

@
1.50± 0.38

##Each value represents Mean ± SD. NC vs. OVX: * p<0.05, ** p<0.01; OVX vs. OVX+FG:  p<0.01; 
$ && && @@OVX vs. OVX+C+DHA:  p<0.05; OVX vs. OVX+FG+C+DHA:  p<0.01,  p<0.01; OVX+E2:  

@p<0.01,  p<0.05. MDA= Malondialdehyde, GSH= Glutathione, NC=Normal control, OVX=Ovariectomy, 
FG=Fenugreek, C=Choline, DHA=Docosahexaenoic acid, E2=17β-estradiol.

Fig. 1: Photomicrographs of CA1 and CA3 Regions of Hippocampus
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Supra-pyramidal blade

Compared with the normal control group, OVX 

group showed 4.41% less number of viable neurons. 

Whereas OVX rats supplemented with fenugreek 

alone, a combination of fenugreek with choline-

DHA and estradiol showed 3.56%, 3.96% and 

3.36% more viable neurons compared to OVX 

group. Choline-DHA group also showed 2.13% less 

degeneration compared to OVX, but not to the 

significant level (Table 3 and Fig. 2).

Infra pyramidal blade

Quantitative analysis revealed that neuronal loss in 

the infra pyramidal region was 4.87% higher in 

OVX group than that of the control group. However, 

after supplementation with fenugreek alone, 

Choline-DHA alone and a combination of 

fenugreek with choline-DHA as well as estradiol 

showed 5.27%, 4.57%, 6.48% and 5.26% more 

surviving neurons with clear, distinct nucleus 

compared to OVX group (Table 3 and Fig. 2). 

Table 3: Effect of Fenugreek and Choline-DHA on Hippocampal Neural Cell Quantification

### ## #Each value represents Mean ± SD. NC vs. OVX: *** p<0.001, ** p<0.01; OVX vs. OVX+FG:  p<0.001,  p<0.01,  
$ $$ &&& &&p<0.05; OVX vs. OVX+C+DHA:  p<0.05,  p<0.01; OVX vs. OVX+FG+C+DHA:  p<0.001,  p<0.01; OVX vs 

@@  @ @@@OVX+E2:  p<0.01,  p<0.05, p<0.001.NC=Normal control, OVX=Ovariectomy, FG=Fenugreek, C=Choline, 
DHA=Docosahexaenoic acid, E2=17β-estradiol.

Groups CA1 CA3 Suprapyramidal 
Blade

Infrapyramidal 
Blade

NC 86.50 ± 7.09 76.83 ± 6.17 221.20 ± 23.40 211.0± 8.92

OVX  62.50± 4.59*** 52.83± 15.30*** 168.50± 23.29** 151.0± 36.36**

OVX+FG ###
81.83± 5.03

##
73.83± 4.79

#
212.00± 14.94

###
216.0± 20.59

OVX+C+DHA $
76.33± 5.50 66.67± 10.54 194.50± 21.17 $$

207.3± 11.57

OVX+FG+C+DHA &&&86.33± 7.33 &&&77.50± 4.59 &&216.80 ± 24.44 &&&230.8 ± 33.83

OVX+E2 @@
 79.00± 8.55

@@
 72.50± 7.34

@
 209.50± 10.60

@@@
215.8± 18.90

Fig. 2: Photomicrographs of Supra and Infrapyramidal Regions of Hippocampus
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Discussion:

In this study, the therapeutic efficacy of FG extract 

and choline-DHA on estrogen deficiency induced 

learning and memory impairment in OVX rats are 

reported. Ovariectomy model is believed to be the 

best tool to imitate human ovarian hormone loss. 

The majority of studies have shown ovariectomy 

can lead to early aging of the nervous system and 

impairment in the hippocampus-dependent 

learning and memory [26, 27]. The results of 

passive avoidance test in the current study showed 

a deficit in learning and memory in OVX rats. This 

observation is consistent with previous studies on 

animals and humans that report learning and 

memory impairment following ovariectomy [28, 

29]. Moreover, in the present study significant 

attenuation in learning and memory retention was 

observed in rats treated with FG alone, choline-

DHA, FG+choline-DHA and estradiol following 

ovariectomy compared to the same in non-treated 

OVX rats. This positive effect of fenugreek on 

learning and memory may be due to its inhibitory 

effect on acetylcholinesterase, which hydrolyzes 

the neurotransmitter acetylcholine important for 

cognitive events [30]. Studies show that fenugreek 

seed powder also reversed the memory deficits 

induced by scopolamine, diazepam and aluminum 

[31, 30]. Studies also report that Tamoxifen 

(TAM) and soy phytoestrogen supplementation 

improved memory performance in OVX rats [32, 

33]. Additionally, earlier studies reported that 

choline supplementation might facilitate 

increased cholinergic nerve activity in the 

hippocampus, by serving as a precursor for the 

synthesis of the neurotransmitter acetylcholine 

[34]. Supplementation of fish oil or DHA can 

reverse learning disabilities, progressive memory 

loss and cognitive alterations in the aging mouse 

brain caused due to PUFA deficiency [35]. DHA 

affects brain-barrier function and has a major role 

in the regulation of neurotransmission systems 

like dopamine, serotonin, acetylcholine, and 

norepinephrine, which in turn are affected in 

various mood and neurodegenerative disorders 

[36]. These studies support the findings from the 

present study wherein choline-DHA supple-

mentation along with FG was shown to facilitate 

learning and memory possibly through increased 

cholinergic activity mitigating the ovariectomy 

induced learning and memory deficits. 

Estrogen depletion during menopause is found to 

be associated with increased brain oxidative 

stress, leads to memory impairment [37]. 

Oxidative products accumulated in the brain leads 

to progressive DNA damage, further decrease 

reduced glutathione [38]. Results of the present 

study showed that ovariectomy markedly 

increased the MDA level and decreased GSH, 

which is in agreement with the study by Huang & 

Zhang, suggested that MDA levels were changed 

after ovariectomy [39]. In the current study 

fenugreek treatment significantly reduced brain 

MDA levels, increased brain GSH levels but not to 

a significant level compared to OVX group. These 

findings are supported by the human study which 

reported a reduction in lipid peroxidation after 

supplementation with phyto-estrogen rich tualang 

honey in post-menopausal women [40]. Our 

results are also in consistent with findings of Dong 

et al., demonstrated phytoestrogen α-ZAL 

supplementation significantly enhanced the 

antioxidase activities induced by OVX [41]. The 

combined supplementation of fenugreek with 

choline-DHA and estradiol significantly 

increased GSH and decreased MDA levels in 



 Journal of Krishna Institute of Medical Sciences University 18ÓÓ

JKIMSU, Vol. 7, No. 2, April-June 2018 Anjaneyulu K et al.

estrogen deficient rats indicating the protective 

potential of fenugreek with choline-DHA against 

the free radicals.

The oxidative stress in neurons due to Reactive 

Oxygen Species (ROS) leads to oxidative 

damage. Further it affects neuronal cell membrane 

and its function by damaging proteins and lipid 

structure that may impair cellular stabilization 

[42]. Supporting this hypothesis, in the present 

study the probable reason for the observed 

degeneration and loss of neural cells in CA1, CA3 

and dentate gyrus regions of hippocampus, could 

be due to estrogen deprivation induced oxidative 

stress in the brain. Accumulating evidences 

suggest that DHA plays a vital role in regulating 

the fluidity of neural cell membranes which are 

largely made of phospholipids. Further, DHA 

increases phosphatidylethanolamine and phos-

phatidylserine concentrations, in addition triggers 

neurite outgrowth by nerve growth factor and thus 

facilitates the neuroelectrical signal transmissions 

[43, 44]. The readily release of DHA, retained by 

neuronal membrane phospholipids, probably 

exerts a trophic or antiapoptotic effect plays a 

critical role in neuronal survival [45]. Supporting 

to this, the current study showed that 

supplementation of choline-DHA to OVX rats has 

significantly minimized neuro-degeneration and 

improved neuronal survival and cell density in 

CA1 and infrapyramidal dentate gyrus regions of 

hippocampus compared to non-supplemented 

OVX rats. But the neuro-degeneration was 

minimal and non-significant in CA3 and 

suprapyramidal dentate gyrus sub regions 

whereas, FG combined with C-DHA significantly 

reduced the neural cell degeneration in all the sub-

regions of the hippocampus.

Conclusion:

The present study demonstrates that FG seed 

extract with choline-DHA effectively improved 

learning and memory abilities in OVX animals. 

Additionally, combined dietary supplementation 

reduces ovariectomy induced oxidative stress, 

hippocampal neural cell damage and enhances the 

brain antioxidant levels. These findings suggest 

that fenugreek with choline-DHA could be a 

potential therapeutic agent to ameliorate cognitive 

dysfunctions associated with menopause. 

However, further investigations are needed to 

validate the efficacy and safety of these 

therapeutic agents, prior to use in clinical practice.

Acknowledgement:

The authors would like to thank Manipal 

Academy of Higher Education for permitting and 

providing research facilities to conduct the 

research study.

References

1. Barth C, Villringer A, Sacher J. Sex hormones affect 
neurotransmitters and shape the adult female brain 
during hormonal transition periods. Frontiers in 
Neuroscience 2015; 9:37. 

2. Doyle BJ, Frasor J, Bellows LE, Locklear TD, Perez A, 
Gomez-Laurito J, et al. Estrogenic effects of herbal 
medicines from Costa Rica used for the management of 
menopausal symptoms. Menopause 2009; 16(4):748-
55.

3. Roepke TA, Ronnekleiv OK, Kelly MJ. Physiological 
consequences of membrane-initiated estrogen 
signalling in the brain. Front Biosci (Landmark Ed) 
2011; 16:1560-73.

4. Lacreuse A. Effects of ovarian hormones on cognitive 
function in nonhuman primates. Neuroscience 2006; 
138(3):859-67.



 Journal of Krishna Institute of Medical Sciences University 19ÓÓ

JKIMSU, Vol. 7, No. 2, April-June 2018 Anjaneyulu K et al.

5. Delibasia T, Kockarb C, Celikc A, Kockard O. 
Antioxidant effects of hormone replacement therapy in 
postmenopausal women. Swiss Medical Weekly 2006; 
136(31-32):510-14.

6. Borras C, Gambini J, Gomez-Cabrera MC, sastre J, 
Pallardo FV, Mann GE, et al. 17b-oestradiol up-

regulates longevity-related, antioxidant enzyme 

expression via the ERK1 and ERK2 [MAPK]/NFkB 

cascade. Aging Cell 2005; 4(3):113-18.
7. ResseguieM, Song J, Niculescu MD, da Costa KA, 

Randall TA, Zeisel SH. Phosphatidylethanolamine N-
methyltransferase (PEMT) gene expression is induced 
by estrogen in human and mouse primary hepatocytes. 
FASEB J 2007; 21(10):2622-32.

8. Zeisel SH. Choline: critical role during fetal 
development and dietary requirements in adults. Annu 
Rev Nutr 2006; 26:229-50.

9. Barany M, Chang YC, Arus C, Rustan T, Frey WH. 
Increased glycerol-3-phosphorylcholine in post-
mortem Alzheimer's brain. Lancet 1985; 1(8427):517.

10. Da Costa KA, Rai KS, Craciunescu CN, Parikh K, 
Mehedint MG, Sanders LM, et al. Dietary 
docosahexaenoic acid supplementation modulates 

−/−hippocampal development in the Pemt  mouse. J Biol 
Chem 2010; 285(2):1008-15.

11. Joseph J, Cole G, Head E, Ingram D. Nutrition, brain 
aging, and neurodegeneration. J Neurosci 2009; 
29(41): 12795-801.

12. Rozenberg S,  Vandromme J ,  Antoine C.  
Postmenopausal hormone therapy: risks and benefits. 
Nat Rev Endocrinol 2013; 9(4): 216-27.

13. Cefalu WT, Ye J, Wang ZQ. Efficacy of dietary 
supplementation with botanicals on carbohydrate 
metabolism in humans. Endocr Metab Immune Disord 
Drug Targets 2008; 8(2): 78-81.

14. Abedinzade M, Nikokar I, Nasri S, Nursabaghi F. 
Effect of hexanic and alcoholic extracts of fenugreek 
seed in male diabetic rats. Zahedan J Res Med Sci 2013; 
15(6):50-3.

15. Pathak N, Pant N, Singh JP, Agrawal S. Antioxidant 
activity of Trigonella foenum graecum using various in 
vitro models. Int J Herbal Med 2014; 2(1):53-57.

16. Ahirwar D, Ahirwar B. Evaluation of antifertility 
activity of Trigonella foenum graecum seeds. Der 
Pharmacia Sinica 2010; 1(3):33-39.

17. Abedinzade M, Nasri S, Omidi MJ, Porramezan B, 
Khanaki K. The effect of fenugreek (Trigonellafoenum-
graecum) seed and 17-β estradiol on serum apelin, 
glucose, lipids and insulin in ovariectomized rats. 
Biotech Health Sci 2015; 2(3): e30402.

18. Zeisel SH, Blusztajn JK. Choline and human nutrition. 
Ann Rev Nutr 1994; 14:269–296.

rd19. Wallace TC, Fulgoni VL 3 . Assessment of total 
choline intakes in the United States. J Am Coll Nutr 
2016; 35(2):108-112.

20. Salem N Jr, Litman B, Kim HY, Gawrisch K. 
Mechanisms of action of docosahexaenoic acid in the 
nervous system. Lipids 2001; 36(9): 945-59.

21. Bazan NG, Molina MF, Gordon WC. Docosahexaenoic 
acid signalolipidomics in nutrition: significance in 
aging, neuroinflammation, macular degeneration, 
Alzheimer's, and other neurodegenerative diseases. 
Annu Rev Nutr 2011; 31:321-51.

22. Parhizkar S, Ibrahim R, Latiff LA. Incision choice in 
laparatomy: a comparison of two incision techniques in 
ovariectomy of rats. World Apple Sci J 2008; 4(4):537-
40.

23. Rai KS, Murthy KD, Karanth KS, Rao MS. 
Clitoriaternatea (Linn) root extract treatment during 
growth spurt period enhances learning and memory in 
rats. Indian J Physiol Pharmacol 2001; 45(3):305-13.

24. Buege JA, Aust SD. Microsomal lipid peroxidation. 
Methods Enzymol 1978; 52:302-10.

25. Rahman I, Kode A, Biswas SK. Assay for quantitative 
determination of glutathione and glutathione disulfide 
levels using enzymatic recycling method. Nat Protoc 
2006; 1(6):3159-65.

26. Baeza I, De Castro NM, Giménez-Llort L, De La Fuente 
M. Ovariectomy, a model of menopause in rodents, 
causes a premature aging of the nervous and immune 
systems. J Neuroimmunol 2010; 219(1-2): 90-99.

27. Cai ZL, Wang CY, Gu XY, Wang NJ, Wang JJ, Liu WX, 
et al. Tenuigenin ameliorates learning and memory 
impairments induced by ovariectomy. Physiol Behav 
2013; 118:112-17.

28. Hosseini M, Sadeghnia HR, Salehabadi S, Alavi H, 
Gorji A. The effect of L-arginine and L-NAME on 
pentylenetetrazole induced seizures in ovariectomized 
rats, an in vivo study. Seizure 2009; 18(10):695-98.

29. Azizi-Malekabadi H, Hosseini M, Soukhtanloo M, 
Sadeghian R, Fereidoni M, Khodabandehloo F. 
Different effects of scopolamine on learning, memory, 
and nitric oxide metabolite levels in hippocampal 
tissues of ovariectomized and Sham-operated rats. Arq 
Neuropsiquiatr 2012; 70(6):447-52.

30. Prema A, Thenmozhi AJ, Manivasagam T, Essa MM, 
Akbar MD, AkbarM. Fenugreek seed powder nullified 
aluminium chloride induced memory loss, 
biochemical changes, aβ burden and apoptosis via 
regulating Akt/GSK3β signaling pathway. PLoS One 
2016; 11(11): e0165955. 



 Journal of Krishna Institute of Medical Sciences University 20ÓÓ

JKIMSU, Vol. 7, No. 2, April-June 2018 Anjaneyulu K et al.

31. Saini D, Dhingra AK, Chopra B, Parle M. 
Psychopharmacological investigation of the nootropic 
potential of Trigonella foenum linn. in mice. Asian J 
Pharm Clin Res 2011; 4(4):76-84.

32. Zabihi H, Hosseini M, Pourganji M, Oryan S, 
Soukhtanloo M, Niazmand S. The effects of tamoxifen 
on learning, memory and brain tissues oxidative 
damage in ovariectomized and naïve female rats. Adv 
Biomed Res 2014; 3:219.

33. Pan Y, Anthony M, et al. Soy phytoestrogens improve 
radial arm maze performance in ovariectomized retired 
breeder rats and do not attenuate benefits of 17 beta-
estradiol treatment. Menopause 2000; 7(4):230-35.

34. Blusztajn JK, Cermak JM, Holler T, Jackson DA. 
Imprinting of hippocampal metabolism of choline by 
its availability during gestation: implications for 
cholinergic neurotransmission. J Physiol Paris 1998; 
92(3-4):199-203.

35. Calon F, Lim GP, Yang F, Morihara T, Teter B, Ubeda 
O, et al. Docosahexaenoic acid protects from dendritic 
pathology in an alzheimer's disease mouse model. 
Neuron 2004; 43(5):633-45.

36. Karr JE, Alexander JE, Winningham RG. Omega-3 
polyunsaturated fatty acids and cognition throughout the 
lifespan: a review. Nutr. Neurosci 2011; 14(5): 216-25.

37. Mendoza-Nunez VM, Rosado-Perez J, Santiago-
Osorio E, Ortiz R, Sanchez-Rodriguez MA, Galvan-
Duarte RE. Aging linked to type 2 diabetes increases 
oxidative stress and chronic inflammation. 
Rejuvenation Res 2011; 14(1): 25-31.

38. Borras C, Sastre J, Garcia-Sala D, Lloret A, Pallardo 
FV, Vina J. Mitochondria from females exhibit higher 
antioxidant gene expression and lower oxidative 
damage than males. Free Radic Biol Med 2003; 
34(5):546-52.

39. Huang YH, Zhang QH. Genistein reduced the neural 
apoptosis in the brain of ovariectomized rats by 
modulating mitochondrial oxidative stress. Br J Nutr 
2010; 104(9): 1297-03.

40. Shafin N, Othman Z, Zakaria R, Nik Hussain NH. 
Tualang honey supplementation reduces blood 
oxidative stress levels/activities in postmenopausal 
women. ISRN Oxidative Medicine 2014; 2014.

41. Dong Y, Wang Y, Liu Y, Yang N, Zuo P. Phytoestrogen 
a-zearalanol ameliorates memory impairment and 
neuronal DNA oxidation in ovariectomized mice. 
Clinics 2013; 68(9):1255-62.

42. Axelsen PH, Komatsu H, Murray IV. Oxidative stress 
and cell membranes in the pathogenesis of Alzheimer's 
disease. Physiology (Bethesda) 2011; 26(1):54-69.

43. Cao DH, Xu JF, Xue RH, Zheng WF, Liu ZL. 
Protective effect of chronic ethyl docosahexaenoate 
administration on brain injury in ischemic gerbils. 
Pharmacol Biochem Behav 2004; 79(4):651-59.

44. Valenzuela A. Docosahexaenoic acid (DHA), an 
essential fatty acid for the proper functioning of 
neuronal: their role in mood disorders. Grasas & 
Aceites 2009; 60(2):203-12.

45. Roberts L, Bailes J, Dedhia H, Zikos A, Singh A, 
McDowell D, et al. Surviving a mine explosion. J Am 
Coll Surg 2008; 207(2):276-83.

*Author for Correspondence: Dr. Kumar M R Bhat, Department of Anatomy, RAK College of Medical Sciences, 

RAK Medical and Health Sciences University, Ras Al Khaimah, UAE. Email: kumarbhat@rakmhsu.ac.ae 

Cell: +971 05 63974278


