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Abstract 

Background Mood and memory deterioration occurs after ovariectomy (OVX) with various degrees and sometimes 
requires medical intervention. Menaquinone-7 (MK-7) is a potent isoform of vitamin  K2 and has many effects on 
the bone and cardiovascular system. However, the effect of MK-7 on the brain and its mechanisms of action are still 
unclear. This study was performed to investigate the effect of MK-7 on mood and memory disorders following ova-
riectomy. Thirty-two female albino rats were divided into four groups (n = 8). Group I (control group) included sham-
operated rats with sunflower oil intake. Group II  (K2) included sham-operated rats with an intake of MK-7 dissolved in 
sunflower oil. Group III  (K2 OVX) included ovariectomized rats with an intake of MK-7 dissolved in sunflower oil. Group 
IV(OVX) included ovariectomized rats with sunflower oil intake. Working memory, anxiety, depression, and sociability 
behaviors were investigated in all groups. Gene expression of BAX, BCL2, and p53 was measured in the hippocampus 
of all groups by real-time PCR. Besides, BAX/BCL2 ratio was calculated.

Results Working memory, anxiety, depression, and sociability behaviors in the OVX rats showed a significant change 
compared to the sham-operated. However, the intake of MK-7 after the OVX resulted in significant improvement. 
Regarding hydrogen peroxide and MDA activity, they were significantly higher in the OVX group compared to the 
sham-operated groups, while in the  K2OVX group, their activity showed a significant decrease in comparison with the 
OVX group. However, catalase and total antioxidant capacity were significantly lower in the OVX group compared to 
the sham-operated group, while in the k2OVX group, their activity showed a significant increase in comparison with 
the OVX group. The OVX group showed a significant elevation in the BAX, BAX/BCl2 ratio, and P53, but BCL2 was 
significantly reduced. However, the intake of MK-7 caused a significant improvement.

Conclusions Our study showed that the OVX group showed significant physiological, biochemical, and molecular 
changes, which can be prevented by MK-7 intake.
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1  Background
Menopause is the normal cessation of menstruation for 
12 months due to the depletion of ovarian follicles and a 
subsequent reduction in ovarian production of estradiol 
and progesterone, with increased follicle-stimulating hor-
mone (FSH) and luteinizing hormone (LH) (Burger et al. 
[1]; Hogervorst and Bandelow [2]). Menopause is always 
followed by complications including hot flushes (Reed 
et al. [3]), vulvovaginal atrophy, vaginal dryness, urinary 
tract infections (Koothirezhi [4]), a decrease in bone 
mineral density (Yoshida et  al. [5]), and cardiovascular 
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problems (Miller et al. [6]). Brain function is also greatly 
affected following menopause. Sleep disturbance (Baker 
et al. [7]), anxiety-like behavior, depression (Puga-Olguín 
et  al. [8]), and memory changes (Egashira et  al. [9]) are 
common complaints.

The hormonal changes after bilateral oophorectomy 
are severe and sudden. Consequently, the cognitive con-
sequences become more common and severe following 
surgical menopause (Sarrel et al. [10]). The severe reduc-
tion in estradiol levels with an increase in FSH levels is a 
direct cause of mood disturbances (Freeman et al. [11]). 
During menopause, women are at risk of depression 
attacks 3 folds more than during fertile life. Even years 
before menopause, severe depressive periods may occur 
(Bromberger and Epperson [12]). According to a previ-
ous study, even women with no previous complaints of 
depression could be at risk for depressive attacks dur-
ing menopause (Faubion et al. [13]). Moreover, there is a 
common complaint of poor memory. The most affected 
are verbal and spatial memory, with difficulty in remem-
bering names and even telling information. In severe 
cases, cognitive impairment is in the form of difficulty in 
trouble organizing, planning, and concentrating (Faubion 
et  al. [13]; Karishma et  al. [14]). In rats, ovariectomy is 
followed by a defect in short- and long-term memory, 
and the appearance of anxiety-like behavior (Djiogue 
et  al. [15]). The hippocampus is responsible for the for-
mation and recall of long-term memories about people, 
places, objects, and events (Zemla and Basu [16]).

MK-7 is a lipid-soluble vitamin and acts as a co-fac-
tor for γ-glutamyl carboxylation of glutamic acid to 
γ-carboxy glutamic acid.Natto, hard cheese, ground beef, 
and egg yolk are rich sources of MK-7(Schwalfenberg 
[17]). MK-7 could increase bone mineral density (Zhang 
et al. [18]), regulate insulin secretion from the pancreas 
(Lee et  al. [19]), and improve glucose metabolism (Fer-
ron et al. [20]). The effect of MK-7 on the brain has been 
recently investigated in a few studies. MK-7 has been 
reported to have antioxidant action, reduce total brain 
water, and protect astrocytes in neural developmental 
diseases (Hadipour et  al. [21]; Farhadi Moghadam and 
Fereidoni [22]). Menopause is a part of the aging pro-
cess that occurs through several mechanisms, including 
disturbed cell metabolism and apoptosis (Rufini et  al. 
[23]). Menopause is considered a neurological transition 
period associated with changes in brain structure, par-
ticularly the connectivity and metabolic profile (Mosconi 
et al. [24]). The neuroprotective effect of MK-7 has been 
a matter of interest recently. However, its effect on the 
menopausal brain and possible underlying mechanisms 
are still unclear.

2  Materials and methods
2.1  Animals
Thirty-two fertile, healthy adult (average 3 months) 
female albino rats (weight:150–200 gm) were obtained. 
Rats were housed in groups (n=4  groups) in standard 
cages (n= 8 rats) under a 12:12 h light–dark cycle, kept at 
a comfortable temperature (20 to 24 ºC) with free access 
to food standard chow, and tap water. Rats were accli-
matized to the testing room environment in the Animal 
Behavior Laboratory of the Physiology Department (for 1 
week) (Gancheva and Zhelyazkova-Savova [25]).

Then, the animals were randomly divided into four 
groups (n = 8 rats in each group)(n = 8).

Group (I) control sham-operated with sunflower oil 
(Sigma-Aldrich, USA., MFCD00132403) intake by oral 
gavage once daily for 5 days per week for 10 weeks.

Group (II) K2sham-operated with MK-7 (Sigma-
Aldrich, USA., 900074-1MG) intake of 35  mg/kg dis-
solved in sunflower oil by oral gavage once daily for 
5 days per week for 10 weeks (Gancheva and Zhelyazk-
ova-Savova [25]).

Group (III) K2 OVX ovariectomized with MK-7 intake 
35 mg/kg dissolved in sunflower oil by oral gavage once 
daily for 5 days per week for 10 weeks.

Group (IV) OVX ovariectomized with sunflower oil 
intake by oral gavage once daily for 5 days per week for 
10 weeks.

The study was maintained for ten weeks after the ova-
riectomy operation. In the last two weeks before the end 
of the study, behavioral tests were performed. In the last 
four days of the study, vaginal cytology was performed 
for the two sham-operated groups. Scarification and 
blood sampling were performed during the meta estrous 
phase. Figure 1 shows the experimental study design.

2.2  Vaginal cytology
Vaginal cytology was used to determine the phases of the 
estrous cycle. It is noninvasive and relatively inexpensive. 
Also, it is accurate and reliable. The tail was elevated to 
visualize the vagina. The vaginal cells were flushed by 
gently introducing 100 μL of phosphate-buffered saline 
(PBS). The liquid was slowly released into the vagina and 
drawn back. The process was repeated about 4 to 5 times 
in the same sterile latex bulb. The pipette and sterile latex 
bulb should be placed at the entrance of the vaginal canal 
without penetrating the vaginal orifice. A few drops of 
cell suspension were put on a glass slide, air-dried, and 
stained with 0.1% crystal violet stain. The slide was exam-
ined under a light microscope immediately at 200 X mag-
nification (Auta and Hassan [26]). A modest number of 
big, non-granular, cornified epithelial cells and a rise in 
the number of leucocytes are two features of the metes-
trus phase (Ajayi and Akhigbe [27]).
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2.3  Ovariectomy
The animals fasted overnight. They were anesthetized 
with 2% sodium pentobarbital by intraperitoneal injec-
tion (0.2 mL/100 g). A central midline incision of 0.5 cm 
was made with a scalpel after shaving and sterilizing the 
area with 75% ethyl alcohol. The connective tissue was 
then separated until it reached the peritoneal wall. The 
ovaries were palpated and removed bilaterally. Then the 
peritoneum and the muscle layer were sutured separately 
with absorbable sutures. While the skin was sutured 
with nylon non-absorbable suture, which spontaneously 
detached after 2–3  days. In sham-operated groups, the 
same procedures were done except that the ovaries were 
just palpated and not removed (Ajayi and Akhigbe [27]).

2.4  Behavioral tests
2.4.1  Open field test (OF)
The OF test is a behavioral test for testing anxiety-like 
behavior in rats. The open field maze consists of a black 
woody square (1 m × 1 m) surrounded by black wooden 
walls (50 cm in height). The floor is divided into 25 equal 
squares (20  cm × 20  cm). The rats were brought to the 
testing room about 5–20 min before the test. Every sin-
gle rat was removed from the home cage by gently han-
dling from the body and put in the corner square facing 
the corner. The rat was released just before its front paw 
touched the floor. Free and uninterrupted movements 
of the subject rat were allowed throughout the maze for 
3  min. The number of squares entered by the rat, the 
number of rears, the latency to move, the latency to rear, 

Fig. 1 Schematic presentation of the study



Page 4 of 13Mansour et al. Beni-Suef Univ J Basic Appl Sci           (2023) 12:22 

and the number of fecal boli were recorded (Briones-
Aranda et al. [28]).

2.4.2  Modified forced swim test (MFST)
The MFST test is a behavioral test for testing depressive-
like behavior in rats. Swim cylinders were tall enough to 
fill to a depth of 30 cm, leaving space at the top so that 
the rat could not escape, and at least 20 cm in diameter. 
A glass mercury thermometer was used to determine 
the water temperature (23–25  °C). The rats were placed 
individually into the swim cylinder. A pretest session (not 
recorded) was done 24 h before the recorded session for 
15  min of free swimming. The swim session (recorded) 
was a session of 5  min of swimming and was recorded. 
Swimming, climbing, and immobility time were recorded 
during the swim session (Deacon [29]).

2.4.3  Modified T maze test
The Modified T maze test is a behavioral test for work-
ing memory in rats. A T maze is a T-shaped apparatus 
consisting of a central arm (50 cm × 16 cm) and two goal 
arms (50 cm × 10 cm), each higher than 30 cm. The maze 
has two guillotine doors at the entrance of the goal arms 
and a central partition extended for 10 cm in the central 
arm. Before the test, a criterion point was determined for 
the whole animal, including the tail tip, to be on the goal 
arm. A thin layer of bedding (~ 10 mm thick) was spread 
over the floor of the maze. For each rat, one sample trial 
and five choice runs were performed per day for two 
days, amounting to 12 trials per rat with a duration of 
1–2 min for each trial. During the sample run, the rat was 
placed in the start arm (bottom of the “T”) and allowed 
to choose a goal arm and then trapped for 30  s in the 
chosen arm by quietly sliding the guillotine door down. 
While during the choice runs, the central partition was 
removed, the guillotine door of the goal arm was raised 
again, and the rat was allowed to choose an arm. A total 
of ten possible alternations were calculated for each rat 
(Slattery and Cryan [30]).

2.4.4  Social interaction test (Crawley’s sociability test)
This test allows the evaluation of two aspects of social 
behavior, such as social affiliation/motivation and social 
memory and novelty. The apparatus for Crawley’s socia-
bility and preference for social novelty test is comprised 
of a rectangular, three-chamber box. With an open mid-
dle section, which allows free access to each chamber 
with identical, wire cup-like containers and removable 
lids that are large enough to hold a single rat. Each rat 
passed by habituation period for the test followed by two 

Number of correct choices (Alternations)

Total possible alternations
× 100

sessions. The first is the Social Affiliation Aspect of the 
Test (session I) where one of the control rats was placed 
(Stranger 1) inside a wire containment cup that was in 
one of the side chambers. The placement of Stranger 1 
on the left or right side of the chamber was systematically 
altered between trials. The walls were removed between 
the compartments, to allow free access for the “subject” 
rat to explore each of the three chambers. The second is 
Social Novelty (Session II) in which we place a second 
control rat (“Stranger 2”) inside an identical wire contain-
ment cup in the opposite side chamber (that had been 
empty during Session I). The same parameters described 
before were monitored. The behaviors of the subject rat 
in the presence of Stranger 1 were compared with Stran-
ger 2.

Each session persisted for 10  min and was monitored 
and recorded by a video camera. Finally, we analyzed 
the total number of contacts, the total duration of con-
tacts between the experimental rat and empty contain-
ment cup vs or cup housing Stranger 1 (in session I), or 
between the experimental rat and the cup housing Stran-
ger 1 vs Stranger 2 (in session II), the mean duration per 
contact, the total number and duration of other behav-
iors (freezing, self-grooming and walking), and finally the 
total time spent by the subject rat in each compartment. 
Then, the significant differences were analyzed for all 
mentioned parameters, by comparing the groups: empty 
containment cup vs Stranger 1 for the subject rat and 
“Stranger 1” vs “Stranger 2” for the subject rat (Deacon 
and Rawlins [31]).

2.5  Collection of blood samples
At the end of the experiment (10  weeks after ovariec-
tomy), overnight fasted rats were initially anesthetized 
with thiopental, and blood samples were collected from 
the retro-orbital sinus. Blood was collected on plain 
tubes for serum preparation and subsequent enzyme-
linked immunosorbent assay (ELISA). The serum was 
stored at − 20 °C.

2.6  Dissection of hippocampus and preparation 
of homogenate

Then rats were sacrificed, and the brain was removed 
from the skull, then rinsed in ice-cold saline to remove 
any surface blood, and then was placed on a cold metal 
plate and cut into the right and left hemispheres. The 
olfactory bulb was cut first then the frontal cortex second, 
by using a blade and forceps (Dumont number.5). Then, 
the ventral side of the brain was put up and the midbrain 
was removed to expose the hippocampus. Then the hip-
pocampus was dissected from the cortex using two for-
ceps (Dumont number.5). The left hippocampus was 
used for homogenization and subsequent biochemical 
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measurement and determination of gene expression and 
was stored at − 80  °C. The right hippocampus was pre-
served in formalin for histopathological examination 
(Rein et al. [32]).

Left hippocampal samples were homogenized with ice-
cold PBS (pH 7.4) (100 mg tissue per 1 mL PBS). Then, 
the resulting suspensions were centrifuged at 4  °C with 
4,000–6,000  rpm for 20  min, and then, the supernatant 
was collected. The tissue concentration of the hydrogen 
peroxide, malondialdehyde (MDA), catalase, and total 
antioxidant capacity (TAC) were measured by a colori-
metric technique using Sunostik, China. The kits were 
provided by Biodiagnostics, Giza, Egypt (Chiu et al. [33]).

2.6.1  Real‑time quantitative RT‑PCR (qRT‑PCR)
RNA extraction from tissue homogenate was performed 
using GENEzol ™ Reagent (Geneaid). The extracted RNA 
was measured using Nanodrop spectrophotometry (ND 
1000-NanoDrop®). Reverse transcription to synthesize 
complementary DNA was performed using TOPscript™ 
cDNA Synthesis Kit (Enzynomics). The real-time PCR 
was performed on an Mx3005P Real-Time PCR Sys-
tem (Agilent Stratagene, USA) using TOPreal™ qPCR 
2X PreMIX (SYBR Green with low ROX) (Cat. # P725) 
(Enzynomics, Korea). The PCR cycling conditions were 
an initial denaturation at 95  °C for 12  min, followed by 
40 cycles of denaturation at 95  °C for 20 s, annealing at 
60 °C for 30 s, and extension at 72 °C for 30 s. The oligo-
nucleotide-specific primers were synthesized by Sangon 
Biotech (Beijing, China) (Table 1). The samples were run 
in triplicate. The expression level of the target genes was 
normalized using the mRNA expression of the house-
keeping gene, GAPDH. Results were expressed as fold 
changes compared to the control group following the  2−
ΔΔCT method. 

2.7  Histopathological study
Hippocampal tissue samples were fixed in a 10% neutral 
buffered formalin solution, followed by alcohol dehydra-
tion, embedding in paraffin wax, serial sectioning (5 µm 
thickness), and H&E staining.

2.8  ELISA hormonal assay
Rat estradiol (E2) kit (BC-1111, BioCheck, Foster City, 
CA 94404), rat progesterone kit (BC-1113, BioCheck,  
Foster City, CA 94404), rat luteinizing hormone (LH) 
kit (MBS2514287, Bio, BioSource Europe S.A. Rue de 
I’Industrie, Belgium) and rat follicular-stimulating hor-
mone (FSH) kit (MBS2507988, Bio Source Europe S.A. 
Rue de I’Industrie, Belgium) were used for the hormonal 
assay by enzyme-linked immunosorbent assay (ELISA). 
The samples were run in triplicate (Delrobaei et al. [34]; 
Tietz [35]).

2.9  Data analysis
SPSS 19 Software (Inc. Chicago, IL, USA) was used for 
data analysis. The data were presented as mean ± stand-
ard deviation (SD), and the difference was assessed by a 
one-way analysis of variance (ANOVA) test with signifi-
cance at P < 0.05.

3  Results
3.1  The open field (OF) test
The OVX group showed a significant delay to move 
and to rear compared to other groups (P < 0.05), while 
the  K2OVX group did not show any significant differ-
ence compared to the sham-operated groups (P > 0.05) 
(Fig. 2A and B).

The number of squares entered by each rat and the 
number of rears in the OVX group was significantly 
less than in the other groups (P < 0.05). However, in the 
 K2OVX group, the number was not significantly different 
from the sham-operated groups (P > 0.05) (Fig.  2C and 
D).

The OVX group had a significantly higher fecal boli 
number than the other groups (P < 0.05), while in the 
 K2OVX group, there was no significant difference from 
the sham-operated groups (P > 0.05) (Fig. 3A).

3.2  The modified forced swim test (MFST)
In the OVX group, the swimming time and the climbing 
time were significantly shorter than the sham-operated 
groups (P < 0.05) and shorter than the  (K2OVX) group 
(P < 0.05). However, the time was not significantly dif-
ferent in the  K2OVX group compared to sham-operated 
groups (P > 0.05) (Fig. 3B and C).

The immobility time was significantly longer in the 
OVX group than in the other groups (P < 0.05), while in 
the  K2OVX group, the time was not significantly different 
from the sham-operated (P > 0.05) (Fig. 3D).

3.3  Modified T maze
The score of the T maze in the OVX group was signifi-
cantly lower compared to the sham-operated groups 
(P < 0.05) and lower than the  K2OVX group (P < 0.05), 

Table 1 The primers of the studied genes

F forward primer, R reverse primer

GAPDH F: GCA TCT TCT TGT GCA GTG CC
R: GGT AAC CAG GCG TCC GAT AC

BAX F: GAA CCA TCA TGG GCT GGA CA
R: GGG TCC CGA AGT AGG AAA GG

BCL2 F: GGT GAA CTG GGG GAG GAT TG
R: AGA GCG ATG TTG TCC ACC AG

P53 F: GTT CGT GTT TGT GCC TGT CC
R: TGC TCT CTT TGC ACT CCC TG
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while in the  K2OVX group, the score was significantly 
higher than the OVX group (P < 0.05) but still signifi-
cantly lower compared to the sham-operated groups 
(P < 0.05) (Fig. 3E).

3.4  Social interaction test (Crawley’s sociability test):
In session I, the time spent in the empty chamber was 
significantly longer in the OVX group when compared to 
the sham-operated groups (P < 0.05), but in the  K2OVX 
group, this time was significantly shorter than the OVX 
group (P < 0.05). However, the time spent in stranger 1 
chamber by the OVX group was significantly shorter 
when compared to the sham-operated groups (P < 0.05), 
but in the  K2OVX group, this time was significantly 
longer than the OVX group (P < 0.05) (Fig. 4A and B).

In session II, the time spent in the stranger 1 chamber 
by the OVX group was significantly longer when com-
pared to the sham-operated groups (P < 0.05), but in the 
 K2OVX group, this time was significantly shorter than 
the OVX group (P < 0.05). However, the time spent in the 
stranger 2 chambers by the OVX group was significantly 
shorter when compared to the sham-operated groups 
(P < 0.05), but in the  K2OVX group, this time was signifi-
cantly longer than the OVX group (P < 0.05) (Fig. 4C and 
D).

3.5  Biochemical results
Hydrogen peroxide and MDA activity were significantly 
higher in the OVX group compared to the sham-operated 

groups (P <0.05), while in the  K2OVX group, their activ-
ity showed a significant decrease in comparison with the 
OVX group (P<0.05). However, catalase and total anti-
oxidant state were significantly lower in the OVX group 
compared to the sham-operated group (P <0.05), while 
in the  K2OVX group, their activity showed a significant 
increase in comparison with the OVX group (P  <0.05) 
(Table 2).

3.6  Gene expression results
BAX and P53 apoptotic genes expression and BAX/
BCL2 ratio were significantly higher in the OVX group 
compared to the sham-operated group and the K2 group 
(P < 0.01) and the  K2OVX group (P < 0.05). Additionally, 
in the  K2OVX group, the expression of the genes and the 
ratio were significantly higher than in the sham-operated 
group (P < 0.01) but still significantly lower than in the 
OVX group (P < 0.05). On the other hand, the expression 
of the anti-apoptotic BCL2 gene was significantly lower 
in the OVX group compared to the sham-operated and 
 K2 groups (P < 0.01) and the  K2OVX group (P < 0.05), 
while in the  K2OVX groups, the  BCL2 expression was 
significantly higher than the OVX group (P < 0.5) but still 
lower than the sham-operated groups (P < 0.05) (Fig. 5).

3.7  Hormonal results
The ovariectomized groups had significantly lower serum 
levels of  E2 and progesterone than the sham-operated 
groups (P < 0.05). On the other hand, the ovariectomized 

Fig. 2 A A histogram shows latency to move in seconds in all the studied groups, B A histogram shows latency to rear in seconds in all the studied 
groups, C A histogram shows number of squares entered in all the studied groups, and D A histogram shows number of rears in all the studied 
groups. *: Significant difference to control group, ≠ : Significant difference to  K2 group, and $: Significant difference to  K2OVX group
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groups had significantly higher serum levels of FSH and 
LH than the sham-operated groups (P < 0.05) (Fig. 6).

3.8  Histopathological results
Hematoxylin and eosin staining of the sections of the hip-
pocampus in the control group showed normal cells with 
multiple nuclei with no signs of necrosis or engorged 
blood vessels. The OVX group showed few pyramidal 
cells with shrunken apoptotic deeply stained nuclei with 
pericellular vacuolation with engorged blood vessels. The 
 K2OVX group showed mostly normal pyramidal cells 
with very few deeply stained nuclei as a sign of degenera-
tion (Fig. 7).

4  Discussion
Menopause is commonly associated with changes in 
behavior, brain molecular parameters, and synaptic 
transmission. That leads to cognitive changes includ-
ing anxiety, depression-like behaviors, and memory 
deterioration that can be reversed by hormone replace-
ment therapy (HRT) and proves that this impairment is 

a consequence of menopause due to ovarian hormone 
depletion (Chiu et al. [33]; Rebar et al. [36]).

In our study, the OF test was used for assessing anxiety 
behavior. The OVX group without MK-7 intake showed a 
significantly prolonged latency to move and to rear time 
and an increase in the number of fecal boli. However, the 
number of squares entered by each rat and the number 
of rears significantly decreased in this group compared to 
other groups, including the OVX group which received 
MK-7. These findings indicate increased anxiety-like 
behavior according to Deacon, 2006 protocol (Briones-
Aranda et al. [28]). In agreement with our findings, simi-
lar studies on rats showed increased anxiety-like behavior 
shortly after ovariectomy (Puga-Olguín et al. [8]; Djiogue 
et al. [15]; Ajayi and Akhigbe [27]; Briones-Aranda et al. 
[28]). In addition, it showed that the intake of MK-7 
reversed anxiety-like behavior in the OVX group.

For the evaluation of depressive-like behavior, we per-
formed the MFST. There was a significant decrease in 
the time of swimming and climbing with an increase 
in immobility time in OVX rats without MK-7 intake 

Fig. 3 A A histogram shows number of fecal boli in all the studied groups, B A histogram shows time of swimming in seconds in all the studied 
groups, C A histogram shows the time of climbing in all the studied groups, D A histogram shows time of immobility in seconds in all the studied 
groups, and E A histogram shows score of T maze in percentage in all the studied groups. *: Significant difference to control group, ≠ : Significant 
difference to  K2 group, and $: Significant difference to  K2OVX group
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compared to rats in other groups, including the ovariec-
tomy rats that received MK-7. These observations suggest 
that ovariectomy is followed by mood changes, including 
depressive-like behavior. On the other hand, the OVX 
rats that received MK-7 showed no significant difference 
in mood compared to the sham-operated groups. This 
indicates that MK-7 has a positive effect on depression 
behavior following ovariectomy.

For the evaluation of sociability, social interaction test 
was used for assessing sociability and social preference. 
Sociability is the tendency to spend time with another 
rat, as compared to time spent alone in an identical 
empty chamber. However, preference is the tendency to 
spend time with a previously unfamiliar rat rather than 
with a familiar rat (Adu-Nti et al. [37]). In our study, the 
OVX rats tended to stay a significantly longer duration in 
the empty chamber compared to other groups in which 

the subject rat tended to stay longer duration with the 
stranger 1 chamber during the social affiliation session of 
the test, which indicates disturbed social behavior (Kaid-
anovich-Beilin et al. [38]). Moreover, in the social novelty 
session of this test, the OVX rats showed a preference 
to stay a significantly longer duration with the stranger1 
rat compared to the sham-operated groups in which rats 
preferred to stay longer duration in the stranger 2 cham-
bers. In agreement with our findings, Adu-Nti et al. and 
Renczés et  al. showed disturbed social behavior in the 
OVX rats. These abnormal behaviors in both sessions 
were significantly improved by MK-7 treatment (Leite 
et al. [39]; Adu-Nti et al. [40]).

In agreement with our findings, previous studies 
proved that depression is a common chronic complica-
tion occurring after ovariectomy and associated with 
other cognitive impairments (Renczés et  al. [41]; Vega 

Fig. 4 Histograms A, B, C, D show time spent in different chambers in seconds by Crawley’s sociability test in all the studied groups. *: Significant 
difference to control group, ≠ : Significant difference to  K2 group, and $: Significant difference to  K2OVX group

Table 2 Biochemical results in the studied groups

*significant to control
≠ : significant to  K2 group
$ : significant to  K2OVX group

Oxidative markers Control group K2 group K2OVX group OVX group

Hydrogen peroxide  (H202) mmol/gm 4.8 ± 0.3 4.7 ± 0.2 6.8 ± 0.5≠ 9.9 ± 0.6*≠$

MDA activity (nmol/gm) 9.2 ± 0.6 9.2 ± 0.5 10.87 ± 1.3 12.8 ± 2.8*≠$

Total antioxidant capacity
(TAC) (µ M/mg tissue)

2.2 ± 0.1 2.4 ± 0.2 1.9 ± 0.2≠ 1.4 ± 0.1*≠$

Catalase (U/gm tissue) 4.2 ± 0.3 4.8 ± 0.1 3.7 ± 0.2 2.1 ± 0.1*≠$
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Rivera et al. [42]; Khayum et al. [43]; Wu et al. [44]). On 
the other hand, other studies did not show any significant 
changes in mood by using the forced swim test either 
shortly after 3  weeks or long duration after 12  weeks 
and 4  months after ovariectomy (Banin et  al. [45]; 

Estrada-Camarena et  al. [46]). Regarding the effect of 
MK-7 on depressive behavior and in agreement with our 
findings, Gancheva and Zhelyazkova-Savova (Gancheva 
and Zhelyazkova-Savova [25]) showed that MK-7 can 

Fig. 5 A A histogram shows hippocampus BAX gene expression in all the studied groups, B A histogram shows hippocampus BCL2 gene 
expression in all the studied groups, C A histogram shows hippocampus BAX/BCL2 ratio in all the studied groups, and D A histogram shows 
hippocampus P53 gene expression in all the studied groups. *: Significant difference to control group, ≠ : Significant difference to  K2 group, and $: 
Significant difference to  K2OVX group

Fig. 6 A A histogram shows serum estradiol level in all the studied groups, B A histogram shows serum progesterone level in all the studied 
groups, C A histogram shows serum level of FSH in all the studied groups, and D A histogram shows serum levels of LH in all the studied groups. *: 
Significant difference to control group, ≠ : Significant difference to  K2 group, and $: Significant difference to  K2OVX group
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improve the mood and anxiety-like behavior in rats with 
metabolic syndrome by improving the glycemic profile.

In our study, the OVX rats showed a significant 
decline in T maze scores compared to the sham-oper-
ated groups. However, the OVX rats that received 
MK-7 had a significantly higher score than the group 
not received it. These findings indicate that ovariec-
tomy resulted in a decline in working memory and that 
MK-7 minimized this decline.

Similarly, Djiouge et al. (Djiogue et al. [15])and Egashira 
et  al. (Egashira et  al. [9])showed impairment of short-
term, long-term, and spatial memory after ovariectomy 
as estrogen is necessary for normal hippocampal func-
tions. Moreover, Adu-Nti et al. (Rebar et al. [36])proved 
that short-term memory disturbance is a common find-
ing following ovariectomy and is associated with mood 
disorders. In addition, Zhao et  al. (Zhao et  al. [47])and 
Tao et al. (Tao et al. [48])proved that ovariectomy leads 
to memory decline for a short and long duration after the 
procedure. Controversy, a previous study did not prove 
any effect of MK-7 on the memory of rats (Gancheva and 
Zhelyazkova-Savova [25]).

The data of the present study could be explained by 
apoptosis occurring in the brain after ovariectomy. Fol-
lowing ovariectomy, there is a downregulation of NADH 
dehydrogenase ubiquinone oxidoreductase subunit A11 

(NDUFA11) in the mitochondrial respiratory complex I 
(Andrews et al. [49]). Moreover, adenylate kinase2 (AK2), 
was slightly decreased in the hippocampus leading to 
neuronal apoptosis (Peng et al. [50]). In addition, hexoki-
nase binding to the outer mitochondrial membrane and 
inhibiting BAX-induced cytochrome c release and apop-
tosis was down-regulated in the hippocampus after ova-
riectomy (Azoulay-Zohar et al. [51]).

The dopaminergic-like action of estrogen (E2) and its 
involvement in dopamine metabolism is also a com-
mon cause of disturbed brain function. E2 can modu-
late dopamine function through estrogen receptors 
(ER α and ER β) in pre- and postsynaptic membranes. 
E2 deficiency following ovariectomy could lead to dis-
turbed dopamine function and metabolism which affect 
sociability and exploratory behavior in animals (Nadal 
et  al. [52]; Morgan et  al. [53]). Recently, estradiol had 
been proven to increase tryptophan hydroxylase-2 and 
serotonin transporter expression but reduce serotonin 
1A receptor expression. In addition, E2 could reduce 
the expression of monoamine oxidase A and B and 
modulate the function of serotonin, which can protect 
women against depression (Hernández-Hernández 
et al. [54]).

Moreover, E2 has a rapid action on phosphatidylino-
sitol 3-kinase (PI3 K) and extracellular signal-regulated 

Fig. 7 A Photomicrograph: Hematoxylin and eosin staining of section of hippocampus at a magnification of 100 . (B, C, D) Higher magnification 
of C3A: B) Control group shows normal cells with multiple nuclei and no signs of necrosis or engorged blood vessels. C OVX group shows few 
pyramidal cells with shrunken apoptotic deeply stained nuclei with pericellular vacuolation with engorged blood vessels. D  K2OVX group shows 
mostly normal pyramidal cells, very few deeply stained nuclei as a sign of degeneration. H&E × 400



Page 11 of 13Mansour et al. Beni-Suef Univ J Basic Appl Sci           (2023) 12:22  

kinase (ERK) (Fernandez et  al. [55]). It stimulates the 
synthesis of mTOR proteins (mammalian target of 
rapamycin) that regulate intercellular signaling. There 
is also an interaction between ERs and N-methyl 
D-aspartate (NMDA) receptors at the neuron plasma 
membrane and synaptic terminals that plays a role in 
the regulation of the function of excitatory chemical 
transmitters (Boulware et al. [56]).

Moreover, progesterone deficiency in ovariectomy 
leads to a decrease in allopregnanolone (ALLO) which 
regulates dopamine and  GABA(a)receptors involved in 
normal sociability behavior (Guo et al. [57]). ALLO as 
a metabolite of progesterone has a stimulatory effect 
on  GABA(A)receptors producing barbiturate-like effects 
and acting as an anxiolytic, anticonvulsant, and seda-
tive/hypnotic (Belelli and Lambert [58]; Fujii et  al. 
[59]). In addition, the increase in LH hormone levels 
occurring in menopause is associated with an increased 
plasma level of  amyloidB1-40 and amyloid B1-42that leads 
to impaired memory function (Bhatta et al. [60]).

In this line, some hippocampal oxidative markers were 
measured in our study, and the level of MDA activity and 
hydrogen peroxide was significantly higher in the OVX 
group, but catalase and total antioxidant state were sig-
nificantly lower. However, the intake of MK-7 in the OVX 
rats led to a significant improvement in these parameters. 
This approves the role of MK-7 as an antioxidant agent 
that helps as a mechanism for decreasing apoptosis. In 
accordance with our results, MK-7 supplementation pro-
tected the astrocytes from hypoxic damage and reduced 
ROS levels (Yang et al. [61]).

Furthermore, gene expression analysis for BAX, BCL2, 
and P53 in the hippocampus was performed in our 
study. The OVX group showed a significant increase in 
BAX, BAX/BCL2 ratio, and P53 gene expression, but the 
BCL2 was significantly decreased compared to the sham-
operated groups, while the OVX rats that received MK-7 
showed a significant improvement in this apoptotic 
profile.

In agreement with our results, previous studies dem-
onstrated similar results by using the western blot tech-
nique in the hippocampus of OVX rats for assessing the 
apoptotic markers, and the result was increased BAX, 
P53, and decreased BCL2 compared to the sham-oper-
ated group (Sharma and Mehra [62]; Sales et  al. [63]; 
Fang et al. [64]).

Few studies discussed the apoptotic and anti-apop-
totic effects of MK-7. A previous study supported our 
findings by proving that MK-7 protects the neural cells 
against amyloid B (AB) apoptosis in Alzheimer’s disease. 
Moreover, MK-7 favors the expression of the Gas gene 
and carboxylation of Gas residues in the brain, which is a 

vitamin K-dependent protein and necessary for cognitive 
functions (Huang et al. [65]).

On the other hand, Duan et  al. (Duan et  al. [66])
reported that MK-7 induces apoptosis and apoptotic 
genes like BAX while decreasing BCL2 in human cancer 
cells but not in normal cells and stated that the release of 
ROS is necessary for this mechanism. Tokita et al. (Tok-
ita et al. [67])showed the same finding in gastric cancer, 
while the mechanism is not understood. Nishimaki et al. 
(Nishimaki et  al. [68])and Miyazawa et  al. (Miyazawa 
et al. [69]) proved that MK-7 supplementation in leuke-
mia and cancer patients increases BAX and decreases 
BCL2. We could explain this controversy by saying that 
MK-7 has both apoptotic and anti-apoptotic effects, and 
its main role is the regulation of the cell cycle.

5  Conclusions
In our study, we showed that ovariectomy results in 
significant anxiety, depressive-like behavior, and work-
ing memory deterioration, and the intake of MK-7 can 
prevent these complications. It seems that MK-7 has an 
anti-apoptotic function, and this could be the underly-
ing mechanism, since MK-7 reduces the apoptotic and 
increases the anti-apoptotic genes’ expression. However, 
further studies are recommended to detect other possible 
mechanisms.
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