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ABSTRACT
To evaluate the effects of estrogen and estrogenic compounds on cognition in ovariectomized rats. Female Albino wistar rats (3–5 months old) weighing 250–300g was randomly divided into seven groups: Sham, ovariectomized (OVX), OVX plus estradiol valerate, OVX plus ipriflavone, OVX plus raloxifene, OVX plus tibolone, OVX plus low-dose estradiol valerate and ipriflavone. All treatments were given orally for 3 months; whereas the drug groups received indicated drugs, the Sham and OVX control groups received saline. The escape latency of rats was tested by the Morris water maze test and the expression of amyloid precursor protein (APP) in hippocampus was determined by reverse transcription polymerase chain reaction. The level of serum estradiol and the diameter of the endometrial gland and the thickness of endometrium were also evaluated. The latency of the OVX group was noticeably longer than that of the Sham group, and the latency of all treatment groups was lower than that of OVX rats. The expression of APP mRNA in the hippocampii of OVX rats was significantly increased relative to that in Sham rats; interestingly, expression of APP in treatment groups was significantly reduced relative to OVX rats.
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Introduction:
Estrogen is a steroid hormone associated with the female reproductive organs and is responsible for developing female sexual characteristics. Estrogen is often referred to as estrone, estradiol, and estriol. Of the previously mentioned forms of estrogen, estradiol is the most common form of estrogen hormone for hormone replacement therapy (HRT) in the treatment of symptoms of menopause. Estrogen for hormone replacement therapy has been heavily researched in medicine and remains a controversial topic. According to early studies, estrogen as hormone replacement therapy for postmenopausal women showed promising benefits of decreased risk of osteoporosis, coronary arterial disease, and mortality [1].
Later studies conducted by the Women's Health Initiative concluded that risk was greater than the benefit  of  hormone  replacement  therapy  in

postmenopausal women. The Women's Health Initiative ended clinical studies prematurely because participants in the study developed an increased risk of breast cancer and coronary artery disease [2].
Newer studies contradict the finding of the Women's Health Initiative, with evidence of improved quality of life and reduced risk of coronary artery disease and osteoporosis in women when women start estrogen hormone replacement therapy at the onset of menopause [3].
The FDA has approved estrogen for hormone replacement therapy in the treatment of symptoms of menopause. Synthetic estrogen is also available for clinical use, designed to increase absorption and effectiveness by altering the estrogen chemical structure for topical or oral administration. Synthetic steroid estrogens include ethinyl estradiol, estradiol valerate, estropipate, conjugate esterified estrogen, and quinestrol. Ethinyl estradiol

is a commonly used synthetic estrogen to prevent pregnancy as a component of the oral contraceptive pill approved by the FDA [5, 4]. Some nonsteroidal synthetic estrogens include dienestrol, diethylstilbestrol, benzestrol, methestrol, and hexestrol.
MATERIALS AND METHODS: ANIMALS
Albino Wistar rats that were 3- 4 weeks old and weighed 100-200 g were utilized in this investigation. The rats were exposed to the natural light cycle of darkness, normal laboratory diet, and unrestricted access to water. In the middle of 9:00
a.m. and 5:00 pm, a behavioral evaluation was conducted. The animals were accustomed to the lab setting five days before to the behavioral investigation and were kept there during the whole investigation. The Committee on Animal Control and Management (CPCSEA) (1147 / ab/ 07/CCPSEA) of the Department of Environment and Forestry authorized the study protocol, and the Institute of Animal Ethics and Committee (IAEC) oversaw the treatment of the animals.
CHEMICALS AND DRUGS
Before usage, all of the medication solutions were newly prepared. sodium pentobarbital anesthesia, estradiol valerate (0.8mg/kg day), ipriflavone (100 mg/kg/day), raloxifene (5 mg/kg/day), tibolone (0.5mg/kg/day) and mix of estradiol valerate (0.4 mg/kg/day) and ipriflavone (50 mg/kg/ day), Glutathione, nitric oxide and lipid peroxidation (MDA) assay kits , thiobarbituric acid, Ellman’s reagent DTNB [5, 5`-dithiobis (2-nitrobenzoic acid), phosphate-buffered saline, Tris-HCl buffer, free thiol groups, trichloroacetic acid, thiocholine
,dithiobisnitrobenzoate,  acetylthiocholine  iodide
,Sorenson phosphate buffer, pH 8.0,sodium hydroxide, zinc sulphate solution, Greiss reagent.
INDUCTION MODEL
Animals were administered with sodium pentobarbital anesthesia (50 mg/kg, i.p.) and then operated through flank incisions. The fur on both sides of the body was shaved from the hip to the lowest rib. Bilateral ovariectomies were performed using an incision 1.5 cm inferior to the palpated rib cage [6].
PROTOCOL FOR EXPERIMENTS
There was a total of seven groups in this study, each with six male rats. Two weeks after the ovariectomy, total 7 groups were used and each group consisted of six male rats. The animals were housed to a cage, with free access to food and water, and were kept on a 12-hour light/dark cycle (lights on at 7:00 am).

Group I – Control group: Animals were exposed to Elevated plus maze (EPM) and Morris water maze (MWM) for acquisition trial from 1th to 2nd day and retrieval trial on 5th day in EPM and in MWM acquisition trial from 3rd to 6th day and retrieval trial on 7th day.
Group 2- Ovariectomized group (OVX):- Animals were administered with sodium pentobarbital anesthesia (50 mg/kg, i.p.) and then operated through flank incisions. The fur on both sides of the body was shaved from the hip to the lowest rib. Bilateral ovariectomies were performed using an incision 1.5 cm inferior to the palpated rib cage and the rest of the procedure was same as group III.
Group 3- Estradiol Valerate per-se group:- Animals were given 0.8mg/kg of Estadiol Valerate through i.p. route once a day for 90 days and rest of the procedure was same as group III.
Group 4- Ipriflavone treated group, Animals were given 100 mg/kg/day of Ipriflavone once daily for
14 days and rest of the procedure was same as group III.
Group 5- Estradiol Valerate treated group the Ovariectomized animals were given 0.8mg/kg i.p. once a day for 90 days and rest of the procedure was same as group III.
Group 6- Ipriflavone treated group, ovariectomized group treated with ipriflavone (100 mg/kg/day) once daily for 14 days and rest of the procedure was same as group III.
Group 7- EVP+ IP group, ovariectomized group treated with a mix of estradiol valerate (0.4 mg/kg/day) and ipriflavone (50 mg/kg/ day) for 90 days and rest of the procedure was same as group III.
OVX surgery:
Rat in the control and OVX groups were anesthetized with 3.0% pentobarbital sodium (45 mg/kg, intraperitoneal), and some hair on the back was shaved off for surgery. A dorsolateral incision of the skin along the spine was made perpendicular to the line of the base of the thighs. The muscles
0.5 cm beneath the midline of the back beneath the skin were incised, and the fat beneath the muscles was grasped to exteriorize the ovary. The fallopian tube was ligated, and then the ovary was removed by cutting above the ligated area. In the Sham group, the mice underwent the same incisions, and the fallopian tubes and ovaries were exposed but not removed and then put back in the abdominal cavity. Finally, the incisions in the muscle and skin were closed [7]
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Vaginal smear examination:

Fig.1: Diagram of OVX Surgery
characteristics,	the	relative	proportion	of leukocytes, cornified epithelial cells, and nucleated

The vaginal smear examination was performed
during the successive 7 days after surgery. Vaginal contents were collected with a blunted Pasteur pipette by placing a small drop of saline into the vagina; the vaginal cells obtained were immediately observed under a microscope Classified   in   terms   of   morphological
PARAMETERS OF BEHAVIOUR:
Elevated plus maze:
Cognitive impairment involves multiple domains including learning and memory so that retention and acquisition memory processes were identified by elevated plus maze (EPM) [9].
Transfer latency (TL) measurements on the raised plus maze on the first day (TL1) have been shown to serve as an index of learning and acquisition, whilst TL measurements on the second day (TL2) have been found to function as an index of memory and retrieval. therefore EPM was used for the memoryevaluation in rats. EPM are widelyused for the testing of nootropic substances.
The apparatus made up of Perspex plastic with the specific area which is 4 arms of 50 x 10 cm. The side walls of the two closed arms were 40 cm high. The equipment was given a plus sign appearance by connecting the open and closed arms to a centre square (5 x 5 cm). The maze was elevated to a height of 60cm from the ground. Mazes were left in the same location while the exam was being conducted in the lab, providing extra mazes for learning purposes. Each rat was placed in the middle ofthe EPM during a training session, given 30 seconds to explore it, and then taken back to its
160 cages. Initial transfer latency (ITL) is the amount of time it takes a rat to go from an open arm and into one of the closest closed arms. After

epithelial cells could be estimated. The phases of t h e estrus cycle could be estimated further according to the differences in cellular appearance. When the leukocytes occupied the majority of the field for at least 4 days, the mice were considered to have lost their estrus cycle, and the ovariectomy was successful [8].
receiving ITL, the animal was given 30 seconds to explore themaze before being returned to its home cage. The wistar rat was repositioned on the openarm 24 hours after ITL, and the retention latency was documented as "retention transfer latency" (RTL). The rat who stayed more than 5 minutes on the open arm or left the mazewas removed from the experiment [10].
Locomotion:
Because rats with Cognition are expected to display anxiety-like behavior, which increases activity in mice, locomotion activity is evaluated in them. This is considered a symptom of cognitive [10].
The gadget Actophotometer was used to monitor locomotor activity. Throughout both the light and dark periods, the instrument actophotometer was utilized to observe locomotor activity. The equipment was turned on, and each group's rats were placed in the activity cage separately for 10 minutes while their basal activity scores were monitored and recorded. The following formula was used to compute the percent decrease in motor activity for each animal: -
% Reduction in motor activity = (Wa –Wb/Wa) × 100%.

The mean activity ratings before and after therapy are Wa and Wb, respectively (Marongiu et al., Evaluation of catalepsy:
Catalepsy refers to an animal's incapacity to alter an externally imposed position. It can be produced by the anaesthetic Overectomized, which was employed to induce Cognitive functionsin our investigation. The occurrence was seen while the mouse was lying on a 4 cm high bar in an enforced position with both forelimbs extended (0.4 cm diameter). For a maximum of 300 seconds, the total time the animal stayed on the bar with both forelimbs or even if it withdrew one limb was recorded.
MWM (Morris Water Maze) Test:
MWM is one of the animal models for memory and learning that is most frequently used. It's a well- known test for assessing spatial memory in rats. The MWM approach involved submerging the animal in a pool of water. Because animals don’t like swimming, it was decided to build a run off platform to deter them from escaping the water. MWM constructed by a big circular pool filled with 28 °C water (circle was off 150cm, 45cm height, and 30 cm in depth). The water was dyed white to make it opaque. With the use of two threads positioned at right angles on the pool's rim, the pool was divided into fourequal halves. Platform's location was not changed throughout the training session. Each rat had 4 consecutive trials each day, separated by a 5-minute break. Every trial's drop point was different, and the rat was gently placed in the water between quads, facing the wall pool, with 120 seconds to locate the flooded platform. The tank was split into four equal quadrants using 2 threads that were positioned at right angles to one another on theside of the pool. Inside the target quadrants of this pool, a white-painted deluged platform (10 cm2) was positioned 1cm below the water's surface. Throughout the learning session,the location of platform was not changed. Each rat had 4 consecutive trials each day, separated by a 5- minute break. Each trial's drop point was different, and the rat was gentlyplaced in the water between quads, facing the pool wall, with 120 seconds to locate the flooded platform. It was then permitted to relax on the platform.
Trial acquisition:
Every day, four trials were performed on each rat. A 5-minute rest period was permitted in between each trial. Over the course of four days, there were four trials. As illustrated below, the beginning position for four acquisition trials was altered each day, with Q4 serving as the target quadrant in each experiment. We assessed whether acquisition had taken place by measuring the mean escape latency time (ELT) for every day of the acquisition trials.

2012).

Day 1- q1: q2: q3:q4 Day 2- q1: q2: q3:q4 Day 3- q1: q2: q3:q4 Day 4- q1: q2: q3:q4
Trial of retrieval:
The platform was taken apart on the sixth day. The rat has 120 seconds to make its way through a water maze. Each rat had four trials, each beginning in a different quad. The average time spent in each of the three quadrants (q1, q2, and q3) was recorded, and the time spent looking for the missing platform in the target quadrant (q4) served as a retrieval index. The experimenter always remained in the same location. The relative location of the water maze in relation to other things in the laboratory setting as well as overt visual cues were rigorously analyzed during the experiment. Every trial was taken place between the hours of 9:00 and 18:00 [9, 10].
BIOCHEMICAL PARAMETERS:
Samples collection:
For biochemical examination, blood samples were obtained by retro-orbital hemorrhage. The serum was obtained by centrifuging the blood for 15 minutes at 4000 rpm after 30 minutes at room temperature. The serum was then used for biochemical testing after that. Following the most recent retro-orbital hemorrhage, animals were killed by cervical dislocation, and the brain matter was painstakingly removed. The separated brains were homogenized in phosphate buffer (pH 7.4, 10% w/v) using a Teflon homogenizer. The mixture was then centrifuged for 15 minutes at 3000 rpm to extract the clear supernatant. The centrifuge tube's clear supernatant was carefully discarded and utilized. The centrifuge tube's clear supernatant was carefully removed and used in several biochemical studies.
Assessment of brain nitrate/nitrate level
UV-1800 ENG 240V was used to spectrophotometrically measure the amount of nitrite in the brain at 545 nm [11, 12].
In a nutshell, 100 litres of brain or a standard sample was mixed with 400 litres of buffer carbonate (pH 9.0), then 0.15grammes of cadmium copper- alloy was added. The tubes were incubated at room temperature for an hour in order to convert nitrate to nitrite. If 100 l of sodium hydroxide at 0.35M are added, the process was halt. To deproteinize the samples, 400 l of a zinc sulphate solution were utilized next (120mM). Before being centrifuged for 10 minutes at 4000g, the samples were stand for 10 minutes. By spectrophotometrically measuring brain nitrite at 545nm using aliquots (500 l) of clear supernatant

combined with Greiss reagent (250 l of 1.0 % sulfanilamide in 3 N HCl & 250 l of 0.1% N- naphthylethylenediamine in water). The content of nitrite in the brain may be determined using the sodium nitrite standard curve (5 to 50 M).
Assessment of Acetyl Cholinesterase (AChE) Activity in the Brain
A spectrophotometer was used to quantify the amount of AChE activity in the brain at 420 nm (UV-1800 ENG 240V). In a nutshell, the creation of a yellow color as a result of thiocholine's reaction with dithiobisnitrobenzoate ions was used to determine this. The rate of thiocholine synthesis from acetylthiocholine iodide inthe presence of brain cholinesterase was measured using a spectrophotometer. We were use newly made DTNB [5,5'-dithiobis-(2-nitro benzoic acid)] solution to elute 0.5 ml of the brain homogenate's clear liquid supernatant in a 25 ml volumetric flask (10 milligrammes of DTNB are dissolved in 100 ml of pH 8.0 Sorenson phosphate buffer). The volumetric flask was divided into two 4 ml parts, which were pipetted into two test tubes. One test tube received two drops of the eserine solution. Each test tube was received 1 mL of the substrate solution, which is 50 mL of distilled water and 75 mg of acetylcholine iodide. Using a spectrophotometer set at 420 nm, the test sample's change in absorbance per minute was calculated employing the eserine-containing test tube as a control.
To calculate AChE activity, use the formula below:
R is equalto O.D. x assay volume x E x mg of protein.
Where R is the rate of enzyme activity in "n" moles of acetylcholine iodide hydrolyzed per minute and
O.D. is the change in absorbance per minute. 13600/M/cm is the extinction coefficient, or E.
Assessment of compounds reacting to thiobarbituric acid (TBARS):
Oxidative stress has been connected to the pathophysiology of schizophrenia, and oxidative insults are well-known apoptotic triggers [13].
Thiobarbituric acid's reactive parts were computed. Thiobarbituric acid reactive substances (TBARS), a marker of lipid peroxidation in the brain discovered by Sharma and Singh, were quantified. The homogenate supernatant was pipetted out into a test tube and then mixed with 0.2 ml of 8.1 percent sodium dodecyl sulphate, 1.5 ml of 30 percent acetic acid (pH 3.5), 1.5 ml of 0.8 percent thiobarbituric acid, and 4 ml of distilled water. After the test tubes had been incubated at 95°C for an hour, 5 ml of the 15:1 v/v n-butanol- pyridine

mixture was added to them. After then, the test tubes were cooled. For 10 minutes, the sample was centrifuged at 4000 g. The produced pink hue's absorbance was measured spectrophotometrically at 532 nm. At doses ranging from 1 to 10 nM, 1, 1, 3, 3-tetra methoxy propane was used to create a standard calibration curve. The TBARS value was calculated using UV (UV-1800 ENG 240V) at 532nm and shown as nanomoles per mg of protein. [14].
Brain glutathione (GSH) activity assessment
Cognitive functionspatients have been found to have dysregulated glutathione (GSH) at the gene, protein, and functional levels [15].
A spectrophotometer was used to measure the amount of reduced glutathione (GSH) in the brain using spectrophotometry at 412nm (UV-1800 ENG 240V). In a nutshell, the homogenate supernatant was combined 1:1 with trichloroacetic acid (10% w/v). The tubes underwent a 1000 g, 10-minute, 4oC centrifugation. The resulting supernatant was combined with 2 ml of disodium hydrogen phosphate in an amount of 0.5 ml (0.3 M). After adding 0.25ml of newly made DTNB [5, 5'- dithiobis (2-nitrobenzoic acid) combined with 1 percent w/v sodium citrate] at 0.001 M, spectrophotometric absorbance was then measured. [16].
Histopathology assessment
Staining with hematoxylin and eosin (H&E)
The most used staining method in histopathology is hematoxylin and eosin (H&E). Hematoxylin and eosin, as the name indicates, are the two dyes used in the H&E stain. This mixture preferentially colors different tissue components and makes them simple to observe.
Procedure:
Put the slide in the xylene while it is burning on the burner. To get rid of the wax, the procedure was repeated.
Hydrated the tissue segment by passed it through alcohol bathed with progressively lower alcohol concentrations and water.
Hematoxylin stained for three to five minutes. Washed in hot, running water for no more than five minutes, or until parts turn "blue."
After bluing, rinsed under running water. Dipped the parts in ammonia water until they become blue, then washed with tapped water.

Removed superfluous dye from the section with precision. For 10 minutes, stained in 1% Eosin Y. Washed for one to five minutes in the sink. Dehydrated as the alcohol content rised. For clearing, place the slides in two xylenes bathed. Use mounted material such as DPX. Examined with a compound microscope.
Statistical analysis
In order to analyze the data, Graph Pad Prism 9.0 was used. The mean and standarddeviation were used to express each set of findings. Tukey's multiple range tests and one- way ANOVA were used to analyze the remaining data. Statistical significance was defined as a p value less than 0.05.
RESULTS:
Impact of various agents utilizing Elevated plus maze on transfer latency (EPM):
As learning and memory are both disturbed in cognition, rats' learning and memory were evaluated using the widely used Elevated Plus Maze (EPM) 168]. When Ovariectomized was delivered to the animals, it was seen that their RTL was lower than their ITL in the same group and when compared to control animals. The effects of Ovariectomized on RTL utilizing EPM were greatly mitigated by Ipriflavone and estradiol Valerate treatment (50 mg kg-1 and 100mg kg-1, p.o., 2 weeks). ITL and RTL were not significantly affected by the administration of Ipriflavone and estradiol Valerate (50mg kg-1 and 100mg kg-1, p.o., 2 weeks) (Fig.1).
The impact on time spent in the target quadrant using the Morris water maze (TSTQ) and escape latency time (ELT) (MWM):
One of the most popular and well acknowledged models to assess rats' memory and learning is MWM [169]. The ELT of control rats exhibited a decreasing trend. When compared to these rats' day 1 ELT, there was a considerable decline on day 4, which is consistent with their typical capacity for learning.
A significant increase in TSTQ was also seen on day 5 in comparison to the time spent in the other quadrants, which again suggested normal retrieval. Treatment to rats showed no appreciable impact on TSTQ and ELT compared to control rats. ELT and TSTQ did not significantly change as a result of Ipriflavone and estradiol Valerate treatment (doses 1 and 2). OVX rats showed a significantly higher ELT on day 3 (the sixth day of Ovariectomized treatment) compared to day 3 of control animals, indicating impairment of acquisition. (Fig.2 & .3).
Effect on locomotors activity and catalepsy:

Rats' catalepsy and locomotor activity both increased significantly after ovariectomized. Rats receiving Ipriflavone and estradiol Valerate (doses 1 and 2) saw a substantial reduction in catalepsy and locomotor activity (Fig.4).
Impact on the activity of creatine kinase:
When ovariectomy of female performed, the rat's serum CK activity increased significantly compared to control rats, inhibiting the NMDA receptors. Rats treated with Ipriflavone and estradiol Valerate have considerably lower CK activity (Fig.5).
Effects on the brain's nitrite/nitrate concentration:
On comparison to control rats, surgery of ovarian led to a significantly higher concentration of brain nitrite. Ovariectomized rat has lower level of estrogen which increases in brain nitrite concentration were greatly mitigated by treatment with Ipriflavone and estradiol Valerate (doses 1 and 2) (Fig.6).
Effect of acetyl cholinesterase (AChE) activity in the brain:
In prior studies, acetyl cholinesterase activity was shown to increase in the brains of cognitive patients [170]. The treatment of ovariectomy caused a significant increase in brain AChE activity when compared to control rats. Treatment with Ipriflavone and estradiol Valerate greatly reduced the elevation in brain AChE activity brought on by Ovariectomized (Fig.7).
Impact on the levels of TBARS and GSH:
Ovariectomy led to considerably decreased levels of brain reduced glutathione (GSH) and significantly higher levels of Thiobarbituric acid reactive species (TBARS) in comparison to control rats, indicating the onset of oxidative stress. Treatment with Ipriflavone and estradiol Valerate significantly decreased the oxidative harm caused by reduction of estrogen level. (Fig.8 &.9)
Impact on the level of SOD:
OVX develops a  significant increase in SOD compared to controls (Fig.10) SOD was not significantly impacted by any of them taken together. Estradiol Valerate and ipriflavone treatment (Fig.10 effectively reduced the SOD increase caused by OVX.
Impact on the level of Serum Estradiol:
Low level of estrogen develops a significant increase in SOD compared to controls (Fig.11) SOD was not significantly impacted by any of them taken together. Estradiol Valerate and ipriflavone
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treatment (Fig.11) effectively reduced the SOD increase caused by Estrogen.
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Fig.1: Impact of various agents utilizing Elevated plus maze on transfer latency (EPM)
n=7, Results are presented as mean± standard deviation with Tukey's multiple range test coming after one-way ANOVA, F (7, 42) = 243.50 a p<0.05 Retention Transfer Latency by control animals; b. p<0.05 vs Retention Transfer Latency in ovariectomy animal. OVX= Ovariectomized; IP per se =Ipriflavone per se; EV per se= Estradiol Valerate; IP Treated = Ipriflavone Treated; EV Treated= Estradiol Valerate Treated; IP+EV Treated=Ipriflavone +Estradiol Valerate Treated.
[image: ]

Fig.2: Impacts of various substances on locomotor activity
n=7, Results are presented as mean± standard deviation with Tukey's multiple range test coming after one-way ANOVA, F (7, 42) = 376.9 a p<0.05 vs control group; b p<0.05 vs overectomized group.OVX=  Overectomized;  IP  per  se
=Ipriflavone per se; EV per se= Estradiol Valerate;

IP Treated = Ipriflavone Treated; EV Treated= Estradiol Valerate Treated; IP+EV Treated=Ipriflavone +Estradiol Valerate Treated.
[image: ]

Fig.3: The impact of different substances on catalepsy
n=7, Results are presented as mean± standard deviation with Tukey's multiple range test coming after one-way ANOVA, F (7,42) = 907.3; a p<0.05 vs control group; b p<0.05 vs ovariectomized group= Ovariectomized; IP per se =Ipriflavone per se; EV per se= Estradiol Valerate; IP Treated = Ipriflavone Treated; EV Treated= Estradiol Valerate  Treated;  IP+EV  Treated=Ipriflavone
+Estradiol Valerate Treated.
[image: ]
Fig.4: Using the Morris water maze, the impacts of several agents on transfer latency (MWM)
n=7, Results are presented as mean± standard deviation with Tukey's multiple range test coming after one-way ANOVA, F (7, 42) = 97.3; a p<0.05 versus Retention Transfer latency by control animals; b p<0.05 vs ovariectomized group= Ovariectomized; IP per se =Ipriflavone per se; EV

per se= Estradiol Valerate; IP Treated = Ipriflavone Treated; EV Treated= Estradiol Valerate Treated; IP+EV Treated=Ipriflavone +Estradiol Valerate Treated.


[image: ]
Fig.5: Using the Morris water maze, the impacts of several agents on time spent in target quadrant (TSTQ) (MWM)
n=7, Results are presented as mean± standard deviation with Tukey's multiple range test coming after one-way ANOVA, F (7, 42) = 49.80, a p0.05 compared the average amount of time the control animals spent in the target quadrant (TSTQ), and b p 0.05 versus the average amount of time the ovariectomized group spent in the TSTQ.OVX= Ovariectomized; IP per se =Ipriflavone per se; EV per se= Estradiol Valerate; IP Treated = Ipriflavone Treated; EV Treated= Estradiol Valerate Treated; IP+EV Treated=Ipriflavone +Estradiol Valerate Treated.
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Fig.6: Impacts of various substances on brains acetyl cholinesterase activity

n=7, Results are presented as mean± standard deviation with Tukey's multiple range test coming after one-way ANOVA, F (7, 42) = 2102; p<0.05 for the control group and group that received ovariectomized group. AChE stands for acetylcholinesterase, OVX= Ovariectomized; IP per se =Ipriflavone per se; EV per se= Estradiol Valerate; IP Treated = Ipriflavone Treated; EV Treated= Estradiol Valerate Treated; IP+EV Treated=Ipriflavone +Estradiol Valerate Treated.
[image: ]
Fig.7: Impact of different substances on brain TBARS levels
n=7, Results are presented as mean± standard deviation with Tukey's multiple range test coming after one-way ANOVA, F (7, 42) = 376.9, a p<0.05 for the control group and b p<0.05 for the group that ovariectomized. OVX= Ovariectomized; IP per se =Ipriflavone per se; EV per se= Estradiol Valerate; IP Treated = Ipriflavone Treated; EV Treated= Estradiol Valerate Treated; IP+EV Treated=Ipriflavone +Estradiol Valerate Treated.
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Fig.8 Impact of different substances on serum oxide dismutase activity

n=7, Results are presented as mean± standard deviation with Tukey's multiple range test coming after one-way ANOVA, F (7, 42) = 32.896; p<0.05for comparison with the control group and the group that ovariectomized. OVX= Ovariectomized; IP per se =Ipriflavone per se; EV per se= Estradiol Valerate; IP Treated = Ipriflavone Treated; EV Treated= Estradiol Valerate Treated; IP+EV Treated=Ipriflavone +Estradiol Valerate Treated.
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Fig.7: Impact of different substances on serum estradiol levels
n=7, Results are presented as mean± standard deviation with Tukey's multiple range test coming after one-way ANOVA, F (7, 42) = 376.9, a p<0.05 for the control group and b p<0.05 for the group that ovariectomized. OVX= Ovariectomized; IP per

[image: ]
Fig.8: Impact of different substances on Brain GSH level
n=7, Results are presented as mean± standard deviation with Tukey's multiple range test coming after one-way ANOVA, F (7, 42) = 31.32 a p<0.05 compared the control group b p<0.05 versus the group that ovariectomized. GSH = glutathione, OVX= Ovariectomized; IP per se =Ipriflavone per

se =Ipriflavone per se; EV per se= Estradiol Valerate; IP Treated = Ipriflavone Treated; EV Treated= Estradiol Valerate Treated; IP+EV Treated=Ipriflavone +Estradiol
[image: ]

Fig.9: Impact of different substances on Brain nitrate/nitrite concentration
n=7, Results are presented as mean± standard deviation with Tukey's multiple range test coming after one-way ANOVA, F (7, 42) = 42.32 a p<0.05compared the control group b p<0.05 versus the group that ovariectomized. OVX= Ovariectomized; IP per se =Ipriflavone per se; EV per se= Estradiol Valerate; IP Treated = Ipriflavone Treated; EV Treated= Estradiol Valerate Treated; IP+EV Treated=Ipriflavone +Estradiol Valerate Treated.
se; EV per se= Estradiol Valerate; IP Treated = Ipriflavone Treated; EV Treated= Estradiol Valerate  Treated;  IP+EV  Treated=Ipriflavone
+Estradiol Valerate Treated.

Histopathology:
[image: ][image: ]

Fig.11: Ovary endometrial histopathology; x10 magnification, H&E staining ( C-Control group; OVX- Overectomized group; EV- Estradiol Valerate dose; IP- Ipriflavone dose; IP+EV- Estradiol Valerate+Ipriflavone)
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Discussion
In this study, researchers have explored the effects of changing E2 level on cognitive functioning with advancing age. We have identified that E2 may interact with three systems within the brain important to cognitive aging: the basal forebrain cholinergic system, the dopaminergic system, and the mitochondrial bioenergetic system. Declining E2 levels have been linked with decreased cognitive performance in clinical and preclinical studies, with E2 treatment attenuating these symptoms. In both clinical and preclinical studies, the timing of the treatment may be important, and this critical window may be linked to the declining cholinergic system. Some later life disorders appear to show a link to reduced E2 levels and the timing of menopause, particularly Alzheimer’s disease and depression.
Alzheimer’s disease shows a higher incidence in women,	particularly	in	women	who	have

experienced an earlier menopause. In addition, schizophrenia displays a second peak of onset in midlife in women, around the time of menopause, and an early age of first menarche appears protective against developing schizophrenia. Given the cholinergic, dopaminergic, and mitochondrial systems are dysregulated in a number of neurodegenerative diseases associated with aging (e.g., Alzheimer’s disease) utilization of E2 therapy has been explored in with a number of clinical trials without success to date [21, 22, 23].
However, it may be that E2 treatment needs to be specifically tailored based on the patients risk profile. The preclinical studies assessing time of E2 delivery with reference to time of reduced E2, and method of E2 delivery, cyclic versus non-cyclic, with or without progesterone provide possible explanations of the disparate results that are seen in the clinical literature. It should also be noted that the nature of the menopause (natural or induced) may be important in dictating the efficacy of

potential treatment. Further, not only are the majority of the positive effects of treatment on cognitive end-points seen when the treatment is given around the time of the menopause transition, but this is also the time when the greatest structural and estrogen receptor changes are seen. One concept that will become increasingly important over the coming years is that of personalized or precision medicine. Specifically, identification of which individuals may benefit from E2 therapy and which individuals will not. To enable this, genomics approaches assessing the effects of genetic variables and different phenotypic presentations on response to different treatments should be utilized. This strategy will enable the maximal benefit to be obtained without treating individuals that do not require treatment and/or leading to increased risk without corresponding benefit. The presence of subjective cognitive decline (SCD), a known risk factor for the development of cognitive decline and dementia, that first occurs during or after menopause may indicate a higher risk population for which specific therapies may be helpful [24]. Additionally, it has been suggested that a neuroprotective effect of E2 may be dependent on apolipoprotein E genotype, although the specifics of this interaction are still not fully understood [25].
This does however provide evidence that based on age, phenotype, and genotype, it may be possible to identify patients that are at a higher risk of developing Alzheimer’s disease and may potentially benefit from E2 therapy.
With regard to depressive disorders, it is known that previous depressive episodes prior to the menopausal transition increases the risk of further depressive episodes following menopause in the absence of E2 therapy. Given the highly polymorphic nature of presence or absence of clinical signs following menopause, it is possible that specific phenotypes or genotypes predispose women to developing mood dysfunction following the menopause transition. Future studies that investigate whether specific phenotypes or genotypes predispose to cognitive or mood dysfunction following menopause, or whether specific genotypes predispose to responsiveness to specific therapies, would allow for greatly improved targeting of therapies by identifying only those individuals that will likely be responsive to treatment.
Since the publication of the Women’s Health Initiative studies beginning in the early 2000s, there has been a decline in the prescription of sex hormone treatment for postmenopausal symptomatology and presumed disease prevention. This decline was in part appropriate but the

subtleties of the WHI studies and their findings have not been as widely appreciated by clinicians and thus the risks of sex hormone prescription may be perceived as larger than the actual data would support. Future research will help clarify which hormone preparations may be potentially useful and at what stage of life. Rather than ubiquitous prescription for all postmenopausal women, selective use of sex hormone treatment will be aided by better differentiation of which women have higher or lower risk for late life cognitive or emotional impairment. In addition, novel hormone preparations or SERMs may be developed that allow for brain-specific effects without risks to peripheral tissues.
With the interaction of E2 and cholinergic, dopaminergic, and mitochondrial bioenergic systems, it should be considered that targeting of these systems may have E2 sparing effects, or potentiate	E2	beneficial	effects. Acetylcholinesterase inhibitors are the leading treatment for Alzheimer’s disease, which function through boosting cholinergic synaptic signaling. Gibbs and colleagues demonstrated acetylcholinesterase inhibitors can potentiate the effects of E2 in aged rats following prolonged estrogen deprivation. In clinical populations, it has been demonstrated that females who received the acetylcholinesterase inhibitors tacrine in conjunction with estradiol displayed a greater response on cognitive assessment that females who were not receiving concurrent estradiol therapy [26].
Thus combined hormonal and neurotransmitter based approaches may increase the beneficial effects of both individual therapeutic strategies. Direct targeting of the specific cholinergic receptors is also becoming an area of interest for boosting the failing cholinergic system in Alzheimer’sdisease [27, 28].
For example, selective M1 acetylcholine receptor positive allosteric modulators (PAMs) has been of particular interest in Alzheimer’s disease, with efficacy seen across cognitive and biomarker measures in preclinical species [29, 30].
Identification of at-risk individuals, for example individuals who are displaying SCD, asymptomatic, or early symptomatic increased β- amyloid plaque deposition could provide a population for combined treatment approaches. In future studies, it will be critical to understand the potential for M1 PAMs to act synergistically with E2 replacement (or similar hormonal approaches) to restore the cognitive and affective deficits associated with aging and pathologic decline such

as Alzheimer’s disease in preclinical species and clinical populations.
Conclusions
Overectomized (25mg/kg intraperitoneally once daily for 7 days) administered animals exhibited increased locomotion, increased catalepsy behavior, impaired spatial learning memory, increased anxiety. These rats also shown biochemical changes like enhanced oxidative stress (enhanced lipid peroxide), increased creatinine kinase and disturbed cholinergic function (increased acetylcholinesterase activity). The Morris Maze Water was used to measure memory and learning impairment. To gauge anxiety, the Elevated Plus Maze was employed. The Actophotometer was used to measure locomotor activity.The metal bar was used to measure catalepsy. The glass box was used to measure climbing behavior. Rat brain homogenate and serum were used for the biochemical evaluation. Administration of Ipriflavone and estradiol Valerate (a phosphodiesterase-3- inhibitor) (50mg kg −1, oral and 100 mg kg−1, oral., 90 days) considerably restored locomotion, decreased catalepsy sbehavior, decreased anxiety and improved spatial learning memory. These rats also exhibited biochemical changes like decreased oxidative stress, decreased creatinine kinase and restored cholinergic function in Overectomized injected animals.
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