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Aim To assess the protective effects of goji berry (Lycium 
barbarum L.) polysaccharides (LBP) on depression-like be-
havior in ovariectomized rats and to elucidate the mecha-
nisms underlying these effects.

Methods One hundred female Wistar albino rats (three 
months old) were randomly assigned either to ovariec-
tomy (n = 50) or sham surgery (n = 50). After a 14-day re-
covery period, the groups were divided into five treatment 
subgroups (10 per group): high-dose LBP (200 mg/kg), 
low-dose LBP (20 mg/kg), imipramine (IMP, 2.5 mg/kg), 17-
beta estradiol (E2, 1 mg/kg), and distilled water. Then, rats 
underwent a forced swimming test. We also determined 
the levels of serum antioxidant enzymes (superoxide dis-
mutase, catalase, glutathione peroxidase, and malon-
dialdehyde), E2 levels, hippocampal brain-derived neu-
rotrophic factor (BDNF), 5HT2A receptor, and transferase 
dUTP nick end labeling (TUNEL)-positive cells.

Results Both low-dose LBP and imipramine decreased 
depression-like behavior by increasing serum superoxide 
dismutase activity and by decreasing serum malondialde-
hyde level. Furthermore, low-dose LPB, high-dose LBP, and 
imipramine increased the number of 5-HT2A receptor- and 
BDNF-positive cells but decreased the number of TUNEL-
positive cells in the hippocampus.

Conclusion This is the first study to show the antidepres-
sant effect of LBP. Although additional research is needed, 
LBP may be considered a potential new antidepressant. Received: March 2, 2022
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Depression is one of the most serious health issues (1), af-
fecting women twice as often as men (2). A factor contrib-
uting to the development of depression is an increase in 
oxidative stress in the brain (3). Oxidative stress builds up as 
a result of irregular formation and removal of reactive oxy-
gen species (ROS) by the antioxidant defense system (4).

Antioxidant enzyme activities in patients with depression 
are lower than in healthy individuals (5,6). Oxidative stress 
negatively affects cellular metabolism. Studies on lipid 
peroxidation in patients with depression report increased 
malondialdehyde (MDA) (7,8) and other lipid peroxidation 
products (9). Oxidative stress has also been associated with 
cell damage (7), apoptosis (10), and terminal deoxynucle-
otidyl transferase dUTP nick end labeling (TUNEL)-positive 
status. Oxidative stress is also related to decreased estrogen 
levels (9). This results in changes in neuromodulators and 
neurotransmitters such as brain-derived neurotrophic fac-
tor (BDNF) (11,12) and serotonin (5-HT) in the hippocam-
pus (13-15). Furthermore, depression causes a decrease in 
hippocampal volume (16).

17-beta estradiol (E2), a form of estrogen, gradually decreas-
es during the postmenopausal period. The decrease in the 
E2 level disrupts behavior by alterations in brain plasticity, 
neurogenesis, neurotransmitters, oxidative stress, inflam-
mation, and apoptosis (17). The administration of E2 to ova-
riectomized rats decreases depressive-like behavior (18).

Menopausal depression is treated with selective 5-HT 
reuptake inhibitors, 5-HT and noradrenaline (NA) reuptake 
inhibitors, and NA and specific 5-HT reuptake inhibitors 
(1). One of the antidepressant drugs is imipramine (IMP), 
a tricyclic antidepressant (2) restoring decreased BDNF lev-
els in the hippocampus (3,4). Another treatment method 
is estrogen replacement therapy (ERT) (7). ERT was found 
to ameliorate increased oxidative stress in ovariectomized 
rats (10). Endogenous estrogen affects depression by reg-
ulating dopamine, 5-HT, and NA metabolism in the pre-
frontal cortex. However, estrogen therapy to enhance the 
effectiveness of antidepressant treatment has not gained 
ground due to its potentially detrimental side effects or in-
teractions with other drugs (19). Because of these unde-
sirable effects, herbal-based alternative ERT treatments are 
used (20). These alternatives include phytoestrogens, vita-
mins, minerals, antioxidants, antidepressants, and memory 
enhancing medications (9,13). For instance, grape pow-
der was found to prevent depression induced by oxi-

dative stress (9). Due to its polysaccharide content, L. 
barbarum (goji berry) is a potent antioxidant fruit 

(16). LBP exerts neuroprotective effects by decreasing oxi-
dative stress and apoptosis (11). In a recent study, we re-
vealed positive benefits of L. barbarum methanol extract 
on rat behavior (12). We also showed that LBP decreased 
anxiety-like behavior of ovariectomized rats (14). LBP has 
neuroprotective properties such as reducing caspase-3 ac-
tivation and apoptosis level in the hippocampus (15). As a 
result, LBP may be a promising candidate for the treatment 
of neuronal apoptosis-induced depression (21).

Even though goji berry LBP have anti-inflammatory, anti-
oxidant, and anti-aging effects, the neuroprotective effects 
of LBP on depression induced by decreased levels of estro-
gen have not been studied so far. Furthermore, LPB in dif-
ferent doses has not been compared with a positive con-
trol, including current pharmaceutic medicines. Therefore, 
the aim of this study was to assess how different LPB doses 
affect superoxide dismutase (SOD), catalase (CAT), gluta-
thione peroxidase (GPX), and malondialdehyde (MDA) lev-
els (6), as well as the hippocampal levels of BDNF, 5-HT2AR, 
and TUNEL-positive cells in an animal menopausal depres-
sion model with suitable control groups.

MATERIAL AND METHODS

Animals

Female Wistar albino rats (90 days old) were purchased 
from the Department of Experimental Animal Center, Bolu 
Abant Izzet Baysal University. Individual rats were housed 
in plastic cages (40 × 50 × 20 cm) at a temperature of 22 
°C under 12/12 h light/dark cycles. Until the trials began, 
food and drink were provided ad libitum. To avoid poten-
tial circadian disruption, all experiments were carried out 
between 13:00 and 17:00 h. The animals did not eat for 12 
hours before gavage. The study was approved by the In-
stitutional Ethics Committee for Animal Research of Bolu 
Abant Izzet Baysal University (23076.046121/2011-81).

Experimental groups

A total of 100 female rats were randomly allocated to ei-
ther the ovariectomy (OVX, n = 50) or sham surgery group 
(SHAM, n = 50). Ovariectomy was performed by making 
an incision (2-cm long) along the linea alba. The fallopian 
tubes and ovaries were cauterized, crushed, and light-cau-
terized, and then bilaterally removed by cutting above the 
clamped area. The rats in the sham-operated group were 
exposed to the same OVX process except for the ovary 
removal.
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Following a 14-day recovery period, treatments were ad-
ministered through gavage (3 mL/kg) for 20 days in a row. 
Stock solutions were made by dissolving the substances 
in distilled water (DW). Both surgical groups were divided 
into five therapy subgroups (n = 10): high-LBP (HD-LBP, 200 
mg/kg); low-LBP (LD-LBP, 20 mg/kg); IMP (2.5 mg/kg); 17 
beta-estradiol (E2, 1 mg/kg); and (E) DW.

Preparation of L. barbarum polysaccharides

L. barbarum fruits were obtained from GojiForm (Sivas, Tur-
key). Two hundred grams of dried fruits were subjected to 
600 mL of chloroform: methanol (2:1 v/v) for two times, 600 
mL of 80% ethanol for two times, and to hot water (80 °C) 
for three times, in that order. The reflux was extracted with 
95% ethanol for precipitation at +4 °C. The precipitate was 
centrifuged and rinsed with pure ethanol and acetone, 
then centrifuged and washed again. It was then dried un-
der low pressure. HD -LBP and LD-LPB doses were made.

Drugs

E2 was purchased from Sigma-Aldrich (St. Louis, MO, USA). 
Stock solutions were created by dissolving E2 in 0.1 mL of 
100% ethanol and adding it to DW. The final ethanol con-
centration was decreased to 1%. This dose was found to be 
safe and effective for inducing uterotrophic responses in 
ovariectomized subjects (22). IMP (Sigma-Aldrich) was dis-
solved in DW and administered orally through gavage.

Forced swimming test

After all treatment protocols were completed, the rats un-
derwent a forced swimming test (FST), a method often 
used to detect immobility and depression-like behavior. In-
dividual rats were placed separately in a glass cylinder (di-
ameter 24 cm; height 53 cm, water depth 40 cm) filled with 
water (temperature of 26-28 °C). After a 15-minute training 
session in the water, the rats were returned to their cages. 
The animals were placed in the water for a 5-minute ses-
sion the next day. The entire period of immobility (floating) 
throughout the test session was recorded with the EthoVi-
sion video tracking system, version 6 (Noldus Ethovision, 
Wageningen, Netherlands; Commat LTD, Ankara, Turkey). 
The result was expressed in minutes.

Blood sampling and biochemical assays

After the behavioral testing, blood samples were obtained. 
The samples were centrifuged to obtain serum for the de-

termination of E2 and oxidative stress biomarkers: SOD, 
CAT, GPX, and MDA with the Sunred ELISA kit (Sunred, 
Shanghai, China). The procedure was carried out accord-
ing to the manufacturer’s protocol (23).

Tissue collection and immunohistochemical analysis

Following the FST, five rats from each group were random-
ly selected for histological tests. After anesthesia with a 
ketamine-xylazine overdose, perfusion fixation was used. 
The brain tissues were extracted and put in a 10% neutral 
formaldehyde solution. After a 72-hour fixation, right lobes 
were subjected to the analysis. The number of 5-HT2AR, 
BDNF, and TUNEL-positive cells in the hippocampus tissue 
was determined with immunohistochemical staining and 
TUNEL staining procedures according to the manufactur-
er’s protocol (Millipore, Burlington, MA, USA).

Immunohistochemistry SER and BDNF staining was iden-
tified as either negative or positive. Positive staining was 
defined as the presence of brown chromogen on the 
edge of the hematoxylin-stained cell nucleus, within the 
cytoplasm, or in the membrane. Photos were taken with 
a digital camera (Canon, Tokyo, Japan) at 20 × , 40 × , and 
63.5 × magnification.

Statistical analysis

The normality of distribution was tested with the Shapiro 
Wilk test. The data are presented as mean ± standard devia-
tion. The differences between the groups undergoing two 
procedures (SHAM and OVX) and five treatments (HD-LBP, 
LD-LBP, IMP, E2, and DW) were assessed with a two-way 
ANOVA and a Bonferroni test. A P value of 0.05 was con-
sidered significant. The analysis was conducted with IBM 
SPSS, 19.0 for Windows (IBM Corp., Armonk, NY, USA).

RESULTS

Immobility duration

The length of immobility on FST was significantly affected 
by treatment (F [4, 84] = 20.85, P = 0.0001, η2 = 0.50). The IMP 
groups were less immobile than the HD-LBP, E2, and DW 
groups (MIMP = 4.45<MHD-LBP = 4.72<MDW = 4.77<ME2 = 4.88). 
The length of immobility on FST was also significantly 
affected by the procedure (F [1, 84] = 41.31, P = 0.0001, 
η2 = 0.33). The SHAM groups were less immobile than 
the OVX groups (4.59 vs 4.79). There was a substantial 
interaction impact between therapy and surgery (F 
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[4, 84] = 3.99, P = 0.005, η2 = 0.16). The IMP-SHAM group was 
less immobile than the IMP-OVX group (4.23 vs 4.68) (Fig-
ure 1).

SOD concentration

SOD concentration was significantly affected by treatment 
(F [4, 47] = 4.16, P = 0.006, η2 = 0.26). The HD-LBP, E2, and 
IMP groups demonstrated greater SOD levels than the DW 
groups (ME2 = 8.10>MHD-LBP = 7.86>MIMP = 7.63>MDW = -5.85). 
SOD concentration was also significantly affected by the 
procedure (F [4, 47] = 0.95, P > 0.44). The DW-SHAM group 
had a higher SOD concentration than the DW-OVX group 
(-2.85 vs -8.87) and the IMP-SHAM group had a lower SOD 
concentration than the IMP-OVX group (4.24 vs 11.02). The 
E2-SHAM group had a similar concentration as the E2-OVX 
group (ME2-SHAM = 8.00, ME2-OVX = 8.20) (Figure 2A).

CAT concentration

CAT concentration was significantly affected by 
treatment (F [4, 48] = 27.30, P = 0.0001, η2 = 0.69). 
It was lower in the E2 groups than in the other 
groups (ME2 = 10.61<MIMP = 68.83<MDW = 69.16<MHD-

LBP = 69.33<MLD-LBP = 73.71). CAT concentration was also sig-
nificantly affected by the procedure (F [1, 48] = 5.00, P = 0.03, 

Figure 1. Effect of high dose of Lycium barbarum L. polysac-
charides (HD-LBP), low dose of LBP (LD-LBP), imipramine (IMP), 
17 beta estradiol (E2), and distilled water (DW) on the immo-
bility time in ovariectomized (OVX) and sham-operated rats. 
Bars represent the mean ± standard deviation of immobility 
duration on the forced swimming test. *IMP vs HD-LBP, LD-LBP, 
and DW, P < 0.05; and IMP-SHAM vs IMP OVX, P < 0.05 (two-way 
ANOVA-Bonferroni test).

Figure 2. Effect of high dose of Lycium barbarum L. polysaccharides (HD-LBP), low dose of LBP (LD-LBP), imipramine (IMP), 17 beta 
estradiol (E2), and distilled water (DW) on the serum level of superoxide dismutase (SOD) (A), catalase (CAT) (B), glutathione peroxi-
dase (GPX) (C), and malondialdehyde (MDA) (D) in ovariectomized (OVX) and sham-operated rats. Bars represent the mean ± stan-
dard deviation of these biochemical parameters. * P < 0.05 compared with DW groups; ** P < 0.05 compared within groups (OVX 
vs SHAM); *** P < 0.05 compared with both DW groups and compared within groups (OVX vs SHAM); # P < 0.05 compared with the 
LD-LBP and IMP treatment groups (two-way ANOVA-Bonferroni test).
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η2 = 0.09). It was higher in the SHAM groups than in the 
OVX groups (63.56 vs 53.10). Despite the fact that no sig-
nificant interaction between therapy and procedure was 

found (F [4, 48] = 1.79, P > 0.05), CAT concentrations in the 
LD-LBP-SHAM and IMP-SHAM groups were similar to those 
in the OVX groups (MLD-LBP-OVX = 77.91, MLD-LBP-SHAM = 69.51, 
MIMP-SHAM = 69.13, MIMP-OVX = 68.53) (Figure 2B).

GPX concentration

GPX concentration was significantly affected by treatment 
(F [4, 48] = 4.03, P = 0.007, η2 = 0.25). GPX level was lower in 
the E2 group than in the DW groups (5.81 vs 32.89). There 
was a substantial interaction between therapy and pro-
cedure (F [4, 48] = 4.91, P = 0.002, η2 = 0.29). GPX level was 
lower in the HD-LBP-SHAM than in the HD-LBP-OVX group 
(41.03 vs 5.91) and it was higher in the LD-LBP-SHAM group 
than in the LD-LBP-OVX (10.31 vs 39.83) (Figure 2C).

MDA concentration

MDA concentration was significantly affected by treatment 
(F [4, 48] = 5.50, P = 0.001, η2 = 0.31). MDA levels were lower 
in the HD-LBP groups than in the LD-LBP groups (1.13 vs 
1.08), and in the DW and HD-LBP groups than in the IMP 

Figure 3. Effect of a high dose of L. barbarum polysaccharides 
(HD-LBP), low dose of LBP (LD-LBP), imipramine (IMP), 17 beta 
estradiol (E2), and distilled water (DW) on the serum level of 
E2 in ovariectomized (OVX) and sham-operated rats. Bars rep-
resents mean ± standard deviation of serum E2 levels (P > 0.05; 
two-way ANOVA-test).

Figure 4. Effect of a high dose of L. barbarum polysaccharides (HD-LBP), low dose of L. barbarum polysaccharides (LD-LBP), imip-
ramine (IMP), 17 beta estradiol (E2), and distilled water (DW) on hippocampal serotonin receptor 2A (5-HT2AR)-positive (A), brain 
derived neurotrophic factor (BDNF)-positive (B), and terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL)-positive 
cells (C) of ovariectomized (OVX) and sham-operated groups. Bars represent mean ± standard deviation of these histochemical 
parameters. * P < 0.05 compared with the DW group; ** P < 0.05 compared within groups (OVX vs SHAM); *** P < 0.05 compared with 
both DW-treated groups and compared within groups (OVX vs SHAM) (two-way ANOVA-Bonferroni test).
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groups (MDW = -1.3<MHD-LBP = 1.13<MIMP = 2.99). There was 
no significant interaction between treatment and proce-

dure (F [4, 48] = 0.48, P > 0.75). MDA levels were lower in 
the DW-SHAM group than in the DW-OVX group (-2.27 vs 

Figure 5. Effects of distilled water (A), 17-beta estradiol (B), low dose of L. barbarum (C), high dose of LBP (D), and imipramine (E) on 
immunostaining of hippocampal (dentate gyrus, DG, 2 × ) serotonin receptor 2A-positive cells in the sham (A-E1) and ovariectomy 
groups (A-E2) (20 × ).

Figure 6. Effects of distilled water (A), 17-beta estradiol (B), low dose of L. barbarum (C), high dose of L. barbarum (D), and imip-
ramine (E) on immunostaining of hippocampal (dentate gyrus, DG, 2 × ) brain derived neurotrophic factor-positive cells in the sham 
(A-E1) and ovariectomy groups (A-E2) (20 × ).



237Soytürk et al: Antidepressant effects of goji berry in menopause

www.cmj.hr

0.33). In the LD-LBP-SHAM group, they were comparable 
with those in the LD-LBP-OVX group (MHD-LBP-SHAM = -1.70, 
MHD-LBP-OVX = -3.64) (Figure 2D).

E2 concentration

E2 levels were not significantly affected by treatment (F [4, 
48] = 0.28, P > 0.05) and there was no interaction effect be-
tween treatment and surgery (F [4, 48] = 1.10, P > 0.05). Al-
though the DW-SHAM group had higher E2 levels than 
the DW-OVX group, this difference was not found in the 
other groups (MDW-SHAM = 178.10>MDW-OVX = 111.34; MLD-

LBP-SHAM = 151.93; MLD-LBP-OVX = 151.94; ME2-SHAM = 160.19; ME2-

OVX = 161.45) (Figure 3). The finding that serum E2 level in the 
DW-SHAM group was higher than that in the DW-OVX group 
confirms that the ovariectomy model was established.

Histological results

The number of 5-HT2AR, BDNF, and TUNEL-positive cells 
in the hippocampal region was significantly affected by 
treatment (F5-HT2AR [4, 40] = 113.23, P = 0.001, η2 = 0.92; FBD-

NF [4, 40] = 35.63, P = 0.001, η2 = 0.78; FTUNEL [4, 40] = 162.85, 
P = 0.001, 2 = 0.94.1). 5-HT2AR and BDNF counts were high-
er and TUNEL-positive cell count was lower in the HD-LBP 
and IMP groups than in the other treatment groups. The 

number of positive cells in the hippocampal area was sig-
nificantly differently affected by the procedure (F5-HT2AR [1, 
40] = 4.18, P = 0.048, η2 = 0.09; FBDNF [1.40] = 4.62, P = 0.038, 
η2 = 0.10; FTUNEL [1, 40] = 328.46, P = 0.001, η2 = 0.89). The 
SHAM groups had more 5-HT2AR and BDNF cells, and 
fewer TUNEL-positive cells, than the OVX groups. There 
was a substantial interaction effect between therapy and 
procedure (F 5-HT2AR [4, 40] = 7.02, P = 0.001, η2 = 0.41; F BDNF 
[4, 40] = 5.33, P = 0.002, η2 = 0.35; F TUNEL [4, 40] = 162.59, 
P = 0.001, η2 = 0.94) (Figure 4A-C). Among SHAM animals, 
the HD-LBP and IMP groups had more 5-HT2AR, BDNF, 
and TUNEL-positive cells than the other groups. Among 
OVX animals, the DW and E2 groups had fewer 5-HT2AR, 
BDNF, and TUNEL-positive cells than other groups. Figures 
5-7 show immunological tagging of 5-HT2AR, BDNF, and 
TUNEL-positive cells in the hippocampus.

DISCUSSION

In this study, we found no differences in the mean im-
mobility times between the SHAM and OVX animals in all 
treatment groups except the DW groups. Especially when 
compared with the DW groups, the antidepressant effect 
of LD-LBP was clearly observed. We observed positive ef-
fects of LD-LBP and IMP on both SHAM and OVX groups. 
Because LD-LBP and IMP treatments reduce immobil-

Figure 7. Effects of distilled water (A), 17-beta estradiol (B), low dose of L. barbarum (C), high dose of L. barbarum (D), and imi-
pramine (E) on immunostaining of hippocampal (dentate gyrus, DG 2 × ) terminal deoxynucleotidyl transferase dUTP nick end 
labeling-positive cells in sham (A-E1) and ovariectomy groups (A-E2) (20 × ).
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ity in healthy rats (SHAM), we observed significant differ-
ences between LD-LBP and IMP treatments in both SHAM 
groups and OVX groups. LD-LBP and IMP showed an anti-
depressant effect in the menopausal depression model by 
increasing SOD enzyme activity and decreasing the MDA 
level in serum samples. Besides, they reduced cell death 
and increased 5-HT2AR-positive and BDNF-positive cell 
count in the hippocampal region.

Depression is more prevalent in women than in men (24), 
and in women aged 45-55 than in other age groups (25). 
Changing hormone profiles during menopause can cause 
changes in the body, increasing the risk of depression (26). 
The decline in estrogen levels during menopause can pro-
foundly change brain activity, proinflammatory reactions, 
and oxidative stress, all of which can result in pessimism 
and anxiety (27). Having a bilateral ovariectomy before go-
ing through menopause naturally is linked to the onset of 
anxiety and depressive disorders, as well as a higher risk of 
cognitive decline (28).

OVX models have been created with animals of different 
ages and with different E2 withdrawal times after OVX (29). 
In our study, three-month-old rats, a 14-day recovery pe-
riod, and a 30-day DW treatment period were used. At the 
end of the 44-day period after OVX, we observed a non-
significant decrease in estrogen. Fortunately, this reduc-
tion was enough to induce depression as confirmed by re-
duced mobility on the FST test.

In clinical conditions, ERT is used to restore estrogen lev-
els in women with menopausal depression (30). This treat-
ment shows an antidepressant effect in both clinical and 
experimental studies (31). In our study, no significant anti-
depressant effect of estrogen treatment on depression-like 
behaviors was observed. This could be attributed to the 
limited sample size in the groups or insufficient E2 with-
drawal time after OVX.

In this study, LBP strengthened the antioxidant system by 
decreasing oxidative stress caused by estrogen deficiency. 
Post-OVX depression was treated with low-dose LBP and 
IMP. The effect of LBP was similar to that of IMP, which is 
a clinically used antidepressant. Both LD-LBP and IMP in-
creased the mobility time in the FST test by increasing se-
rum SOD activity and decreasing serum MDA level to a 
similar degree.

While there was no significant difference in the serum 
levels of other antioxidant enzymes between the 

SHAM and OVX groups, serum GPX was significantly differ-
ent: in the low-dose LPB group, GPX was higher in SHAM an-
imals than in OVX animals, while in the high-dose LPB group 
it was higher in OVX animals than in SHAM animals. It was 
considerably reduced in exogenous estrogen groups. As a 
result, low-dose goji berry extract favorably affected GPX 
level in the SHAM group, where the estrogen level was nor-
mal, and high-dose goji berry extract favorably affected the 
GPX level in the OVX group, where the estrogen level was 
comparatively low. Since GPX regulates lipid peroxidation 
and is cellularly protective, goji berries can be used by both 
young women and those undergoing surgical menopause.

Estrogen modulates the serotonergic system in the hip-
pocampus, one of the most important brain regions when 
it comes to anxiety, depression, and learning processes 
(32-34). Serotonergic changes that occur in estrogen de-
ficiency may be reversed by antidepressants (35). In par-
ticular, behavioral disorders may be caused through alter-
ations in 5-HT receptors, 5-HT1A, and 5-HT2A (36). These 
receptors play a role in neuronal migration (37), synapse 
formation (38), and neuronal proliferation (39), as well as 
influence behavior by modulating the serotonergic system 
(40). Estrogen has been shown to alter the 5-HT transport-
er (SERT) situated at the terminal ends of neurons, increas-
ing the 5-HT reuptake (41). In ovariectomized monkeys, 
E2 modulated tryptophan hydroxylase activity, SERT, and 
5-HT1AR (42). As a result, protecting the serotonergic sys-
tem in this region is critical for modulating depression. The 
majority of antidepressants restore the lowered 5-HT level 
by inhibiting 5-HT reuptake (43). In our study, LBP and IMP 
enhanced 5-HT2AR in the hippocampus of OVX rats. HD-
LBP outperformed LD-LBP and ERT. LD-LBP treatment may 
exert its antidepressant effects through the hippocampal 
mechanism as well as through the antioxidant mechanism. 
Other research showed the active ingredients of Hypericum 
perforatum (St John’s wort) hypericin and hyperforin acting 
as 5-HT reuptake inhibitors in depression (14,15). Similar 
to IMP, LBP therapy may inhibit 5-HT reuptake by blocking 
SERT. Future studies should elucidate the mechanisms un-
derlying the effect of LBP therapy on 5-HT levels.

Estrogen insufficiency inhibits hippocampal neurogen-
esis (44) and can lead to depression due to a decreased 
cell proliferation in the hippocampus area (45). The sero-
tonergic system is strongly linked to BDNF, a protein sub-
stantially affecting hippocampal neurogenesis (46). A de-
creased BDNF level disrupts the survival of serotonergic 
neurons (46). The BDNF level decreases in depression and 
is reversed with antidepressants (47). In this study, the DW-
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OVX group had the lowest level of hippocampal BDNF. A 
decreased E2 level after OVX might disrupt the BDNF path-
way because E2 regulates BDNF expression (44). In addi-
tion to the antioxidant impact outlined above, IMP therapy 
had the strongest effect on the hippocampus BDNF levels 
in OVX rats. HD-LBP and LD-LBP showed similar results to 
IMP treatments.

Estrogen is an anti-apoptotic agent with neuroprotective 
effects on the brain (48). After OVX in rats, the hippocam-
pal TUNEL-positive cell count was decreased (48) and re-
versed by antidepressant therapy such as IMP (49). IMP 
provided neuroprotection against lipopolysaccharide-in-
duced apoptosis mediated by BDNF (49). LBP treatment 
decreased the count of TUNEL-positive cells in retinal neu-
rons after retinal ischemia/reperfusion injuries (50). In ad-
dition, pre-treatment LBP reduced the number of TUNEL-
positive cells, preventing focal cerebral ischemia injury by 
reducing neuronal apoptosis in mice (51). Our results, in 
agreement with the literature findings, showed that after 
OVX, LBP and IMP decreased apoptosis in the hippocam-
pus. That is, LBP reversed increased apoptosis in meno-
pausal depression in a similar way as IMP. Especially, HD-
LBP was a more effective treatment in the hippocampal 
area than LD-LBP.

Bilateral ovariectomy is a method used to assess behavioral 
issues following ovariectomy and the anxiolytic and anti-
depressant effects of herbal or pharmaceutical products 
(52). Ovariectomized rats have been employed in several 
studies on the neurological basis of anxiety and depressive 
symptoms linked to surgical menopause (53,54). Ovariec-
tomy is a useful technique for assessing the effects of spe-
cific medications, but it is not a precise replica of natural 
menopause in humans and other mammals (27,55).

In conclusion, this study demonstrated the antidepressant 
effects of low and high doses of LBP. Due to its powerful 
antioxidant properties and positive effects on the hip-
pocampal area, LBP can be used in addition to antidepres-
sant treatment. Future studies should compare the effects 
of LBP on depression-like behavior with those of other an-
tidepressants. Furthermore, the mechanism by which SERT 
or tryptophan hydroxylase activity levels increase hip-
pocampal 5-HT should be investigated. Besides, the posi-
tive effects of HD-LBP on the hippocampal region should 
be investigated in learning and memory studies.

Acknowledgment The authors thank Alper Karakas Laboratory for laborato-
ry equipment support in the Department of Biology, Bolu Abant Izzet Baysal 
University, Turkey.

Funding This study was financed by the Bolu Abant Izzet Baysal Universi-
ty Research Foundation (Project No: 2016.10.07.956). Authors declare that 
the funding source had no influence on the study design, interpretation of 
the results, writing of the manuscript, or the decision to submit the manu-
script.

Ethical approval was granted by the Institutional Ethics Committee for Ani-
mal Research of Bolu Abant Izzet Baysal University (23076.046121/2011-81).

Declaration of authorship FPK conceived and designed the study; all au-
thors acquired the data; HS, BGB, FPK, and HC analyzed and interpreted the 
data; HS, BGB, FPK drafted the manuscript; all authors critically revised the 
manuscript for important intellectual content; all authors gave approval of 
the version to be submitted; all authors agree to be accountable for all as-
pects of the work.

Competing interests All authors have completed the Unified Competing 
Interest form at www.icmje.org/coi_disclosure.pdf (available on request 
from the corresponding author) and declare: no support from any organi-
zation for the submitted work; no financial relationships with any organiza-
tions that might have an interest in the submitted work in the previous 3 
years; no other relationships or activities that could appear to have influ-
enced the submitted work.

References
1	 Mandrioli R, Protti M, Mercolini L. New-generation, non-

SSRI antidepressants: Therapeutic drug monitoring and 

pharmacological interactions. Part 1: SNRIs, SMSs, SARIs. Curr Med 

Chem. 2018;25:772-92. Medline:28707591 doi:10.2174/092986732

4666170712165042

2	 Andrade-neto VV, Pereira TM, Canto-cavalheiro M. Imipramine 

alters the sterol profile in Leishmania amazonensis and 

increases its sensitivity to miconazole. Parasit Vectors. 2016;1-8. 

Medline:27036654 doi:10.1186/s13071-016-1467-8

3	 Björkholm C, Monteggia LM. BDNF – a key transducer of 

antidepressant effects. Neuropharmacology. 2016;102:72-9. 

Medline:26519901 doi:10.1016/j.neuropharm.2015.10.034

4	 Kim HR, Lee YJ, Kim TW, Lim RN, Hwang DY, Moffat JJ. Asparagus 

cochinchinensis extract ameliorates menopausal depression in 

ovariectomized rats under chronic unpredictable mild stress. 

BMC Complement Med Ther. 2020;20:325. Medline:33109198 

doi:10.1186/s12906-020-03121-0

5	 Siwek M, Sowa-Kućma M, Dudek D, Styczeń K, Szewczyk B, 

Kotarska K, et al. Oxidative stress markers in affective disorders. 

Pharmacol Rep. 2013;65:1558-71. Medline:24553004 doi:10.1016/

S1734-1140(13)71517-2

6	 Chung CP, Schmidt D, Stein CM, Morrow JD, Salomon RM. 

Increased oxidative stress in patients with depression and 

its relationship to treatment. Psychiatry Res. 2013;206:213-6. 

Medline:23245537 doi:10.1016/j.psychres.2012.10.018

7	 Ma L, Xu Y, Zhou J, Li Y, Zhang X, Jiang W. Brain estrogen alters 

the effects of the antidepressant sertraline in middle-aged 

female and male mice. Mol Cell Endocrinol. 2020;516:110947. 

Medline:32702473 doi:10.1016/j.mce.2020.110947

8	 Del Rio D, Stewart AJ, Pellegrini A. A review of recent studies 

on malondialdehyde as toxic molecule and biological marker 

of oxidative stress. Nutr Metab Cardiovasc Dis. 2005;15:316-28. 

Medline:16054557 doi:10.1016/j.numecd.2005.05.003

www.icmje.org/coi_disclosure.pdf
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28707591&dopt=Abstract
https://doi.org/10.2174/0929867324666170712165042
https://doi.org/10.2174/0929867324666170712165042
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27036654&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27036654&dopt=Abstract
https://doi.org/10.1186/s13071-016-1467-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26519901&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26519901&dopt=Abstract
https://doi.org/10.1016/j.neuropharm.2015.10.034
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33109198&dopt=Abstract
https://doi.org/10.1186/s12906-020-03121-0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24553004&dopt=Abstract
https://doi.org/10.1016/S1734-1140(13)71517-2
https://doi.org/10.1016/S1734-1140(13)71517-2
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23245537&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23245537&dopt=Abstract
https://doi.org/10.1016/j.psychres.2012.10.018
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32702473&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32702473&dopt=Abstract
https://doi.org/10.1016/j.mce.2020.110947
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16054557&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16054557&dopt=Abstract
https://doi.org/10.1016/j.numecd.2005.05.003


RESEARCH ARTICLE 240 Croat Med J. 2023;64:231-42

www.cmj.hr

9	 Patki G, Allam FH, Atrooz F, Dao AT, Solanki N, Chugh G, et al. 

Grape powder intake prevents ovariectomy-induced anxiety-

like behavior, memory impairment and high blood pressure in 

female wistar rats. PLoS One. 2013;8:e74522. Medline:24040270 

doi:10.1371/journal.pone.0074522

10	 Hernández I, Delgado JL, Díaz J, Quesada T, Teruel MJG, Llanos MC, 

et al. 17β-Estradiol prevents oxidative stress and decreases blood 

pressure in ovariectomized rats. Am J Physiol Regul Integr Comp 

Physiol. 2000;279:R1599-605. Medline:11049841 doi:10.1152/

ajpregu.2000.279.5.R1599

11	 Chen YL, Pan AW, Hsiung PC, Chung L. Quality of life enhancement 

programme for individuals with mood disorder: A randomized 

controlled pilot study. Hong Kong J Occup Ther. 2015;25:23-31. 

doi:10.1016/j.hkjot.2015.04.001

12	 Pehlivan Karakaş F, Coşkun H, Sağlam K, Bozat BG. Lycium 

barbarum L. (goji berry) fruits improve anxiety, depression-like 

behaviors, and learning performance: the moderating role of sex. 

Turk J Biol. 2016;40:762-71. doi:10.3906/biy-1507-114

13	 Borrelli F, Ernst E. Alternative and complementary therapies for 

the menopause. Maturitas. 2010;66:333-43. Medline:20580501 

doi:10.1016/j.maturitas.2010.05.010

14	 Pehlivan Karakaş F, Coşkun H, Soytürk H, Bozat BG. Anxiolytic, 

antioxidant, and neuroprotective effects of goji berry 

polysaccharides in ovariectomized rats: experimental evidence 

from behavioral, biochemical, and immunohistochemical analyses. 

Turk J Biol. 2020;44:238-51. Medline:33110362 doi:10.3906/biy-

2003-8

15	 Gao J, Chen C, Liu Y, Li Y, Long Z, Wang H, et al. Lycium barbarum 

polysaccharide improves traumatic cognition via reversing 

imbalance of apoptosis/regeneration in hippocampal neurons 

after stress. Life Sci. 2015;121:124-34. Medline:25497708 

doi:10.1016/j.lfs.2014.11.026

16	 Pehlivan Karakas F. Efficient plant regeneration and callus 

induction from nodal and hypocotyl explants of goji berry 

(Lycium barbarum L.) and comparison of phenolic profiles in calli 

formed under different combinations of plant growth regulators. 

Plant Physiol Biochem. 2020;146:384-91. Medline:31790925 

doi:10.1016/j.plaphy.2019.11.009

17	 Yanguas-Casás N, Brocca ME, Azcoitia I, Arevalo MA, Garcia-

Segura LM. Estrogenic regulation of neuroprotective and 

neuroinflammatory mechanisms: Implications for depression and 

cognition. Sex Steroids ‘ Effects on Brain. Heart Vessels. 2019;•••:27-

41.

18	 Eid RS, Lieblich SE, Duarte-Guterman P, Chaiton JA, Mah AG, 

Wong SJ, et al. Selective activation of estrogen receptors 

α and β: Implications for depressive-like phenotypes in 

female mice exposed to chronic unpredictable stress. Horm 

Behav. 2020;119:104651. Medline:31790664 doi:10.1016/j.

yhbeh.2019.104651

19	 Shah NR, Wong T. Current breast cancer risks of hormone 

replacement therapy in postmenopausal women. Expert 

Opin Pharmacother. 2006;7:2455-63. Medyline:17150001 

doi:10.1517/14656566.7.18.2455

20	 Beck V, Rohr U, Jungbauer A. Phytoestrogens derived from 

red clover: An alternative to estrogen replacement therapy? J 

Steroid Biochem Mol Biol. 2005;94:499-518. Medline:15876415 

doi:10.1016/j.jsbmb.2004.12.038

21	 Teng P. LI Y, Cheng W, Zhou L, Shen Y, Wang Y. Neuroprotective 

effects of Lycium barbarum polysaccharides in lipopolysaccharide-

induced BV2 microglial cells. Mol Med Rep. 2013;7:1977-81. 

Medline:23620217 doi:10.3892/mmr.2013.1442

22	 Levin-Allerhand JA, Sokol K, Smith JD. Safe and effective method 

for chronic 17beta-Estradiol administration to mice. Contemp Top 

Lab Anim Sci. 2003;42:33-5. Medline:14615958

23	 Bilgic T, Caf N, Atsu AN. Partial effect of resveratrol on wound 

healing: Study on wistar albino rats. EJMI. 2021;5:460-8. 

doi:10.21203/rs.3.rs-808000/v1

24	 Birkhäuser M. Depression, menopause and estrogens: is there 

a correlation? Maturitas. 2002;41:3-8. Medline:11955789 

doi:10.1016/S0378-5122(02)00009-9

25	 Schmidt PJ, Haq N, Rubinow DR. A longitudinal evaluation of 

the relationship between reproductive status and mood in 

perimenopausal women. Am J Psychiatry. 2004;161:2238-44. 

Medline:15569895 doi:10.1176/appi.ajp.161.12.2238

26	 Pokorski M, Siwiec P. Memory, depression, and progressing 

old age in women. J Physiol Pharmacol. 2006;57:297-304. 

Medline:17072058

27	 Machado MMF, Banin RM, Thomaz FM, de Andrade IS, Boldarine VT, 

de Souza Figueiredo J, et al. Ginkgo biloba extract (GbE) restores 

serotonin and leptin receptor levels and plays an antioxidative 

role in the hippocampus of ovariectomized rats. Mol Neurobiol. 

2021;58:2692-703. Medline:33492645 doi:10.1007/s12035-021-

02281-5

28	 Kingsberg SA, Larkin LC, Liu JH. Clinical effects of early or surgical 

menopause. Obstet Gynecol. 2020;135:853-68. Medline:32168205 

doi:10.1097/AOG.0000000000003729

29	 Khayum MA, Moraga-Amaro R, Buwalda B, Koole M, den Boer 

JA. Ovariectomy-induced depressive-like behavior and brain 

glucose metabolism changes in female rats are not affected by 

chronic mild stress. Psychoneuroendocrinology. 2020;115:104610. 

Medline:32088632 doi:10.1016/j.psyneuen.2020.104610

30	 Lagunas N, Calmarza-Font I, Diz-Chaves Y, Garcia-Segura LM. 

Long-term ovariectomy enhances anxiety and depressive-like 

behaviors in mice submitted to chronic unpredictable stress. 

Horm Behav. 2010;58:786-91. Medline:20691693 doi:10.1016/j.

yhbeh.2010.07.014

31	 Sánchez MG, Estrada-Camarena E, Bélanger N, Morissette M, Di 

Paolo T. Estradiol modulation of cortical, striatal and raphe nucleus 

5-HT 1A and 5-HT2A receptors of female hemiparkinsonian 

monkeys after long-term ovariectomy. Neuropharmacology. 

https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24040270&dopt=Abstract
https://doi.org/10.1371/journal.pone.0074522
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11049841&dopt=Abstract
https://doi.org/10.1152/ajpregu.2000.279.5.R1599
https://doi.org/10.1152/ajpregu.2000.279.5.R1599
https://doi.org/10.1016/j.hkjot.2015.04.001
https://doi.org/10.3906/biy-1507-114
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20580501&dopt=Abstract
https://doi.org/10.1016/j.maturitas.2010.05.010
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33110362&dopt=Abstract
https://doi.org/10.3906/biy-2003-8
https://doi.org/10.3906/biy-2003-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25497708&dopt=Abstract
https://doi.org/10.1016/j.lfs.2014.11.026
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31790925&dopt=Abstract
https://doi.org/10.1016/j.plaphy.2019.11.009
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31790664&dopt=Abstract
https://doi.org/10.1016/j.yhbeh.2019.104651
https://doi.org/10.1016/j.yhbeh.2019.104651
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17150001&dopt=Abstract
https://doi.org/10.1517/14656566.7.18.2455
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15876415&dopt=Abstract
https://doi.org/10.1016/j.jsbmb.2004.12.038
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23620217&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23620217&dopt=Abstract
https://doi.org/10.3892/mmr.2013.1442
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14615958&dopt=Abstract
https://doi.org/10.21203/rs.3.rs-808000/v1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11955789&dopt=Abstract
https://doi.org/10.1016/S0378-5122(02)00009-9
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15569895&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15569895&dopt=Abstract
https://doi.org/10.1176/appi.ajp.161.12.2238
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17072058&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17072058&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33492645&dopt=Abstract
https://doi.org/10.1007/s12035-021-02281-5
https://doi.org/10.1007/s12035-021-02281-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32168205&dopt=Abstract
https://doi.org/10.1097/AOG.0000000000003729
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32088632&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32088632&dopt=Abstract
https://doi.org/10.1016/j.psyneuen.2020.104610
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20691693&dopt=Abstract
https://doi.org/10.1016/j.yhbeh.2010.07.014
https://doi.org/10.1016/j.yhbeh.2010.07.014


241Soytürk et al: Antidepressant effects of goji berry in menopause

www.cmj.hr

2011;60:642-52. Medline:21144854 doi:10.1016/j.

neuropharm.2010.11.024

32	 Puga-Olguín A, Rodríguez-Landa JF, Rovirosa-Hernández 

MJ, Germán-Ponciano LJ, Caba M, Meza E, et al. Long-term 

ovariectomy increases anxiety-and despair-like behaviors 

associated with lower Fos immunoreactivity in the lateral 

septal nucleus in rats. Behav Brain Res. 2019;360:185-95. 

Medline:30529405 doi:10.1016/j.bbr.2018.12.017

33	 Cominski TP, Jiao X, Catuzzi JE, Stewart AL, Pang KCH. The role of 

the hippocampus in avoidance learning and anxiety vulnerability. 

Front Behav Neurosci. 2014;8:273. Medline:25152721 doi:10.3389/

fnbeh.2014.00273

34	 Mukai H, Tsurugizawa T, Murakami G, Kominami S, Ishii H, 

Ogiue-Ikeda, et al. Rapid modulation of long-term depression 

and spinogenesis via synaptic estrogen receptors in 

hippocampal principal neurons. J Neurochem. 2007;100:950-67. 

Medline:17266735 doi:10.1111/j.1471-4159.2006.04264.x

35	 Abd-Rabo MM, Georgy GS, Saied NM, Hassan WA. Involvement of 

the serotonergic system and neuroplasticity in the antidepressant 

effect of curcumin in ovariectomized rats: Comparison with 

oestradiol and fluoxetine. Phytother Res. 2019;33:387-96. 

Medline:30575146 doi:10.1002/ptr.6232

36	 Lanctôt KL, Herrmann N, Mazzotta P. Role of serotonin in 

the behavioral and psychological symptoms of dementia. J 

Neuropsychiatry Clin Neurosci. 2001;13:5-21. Medline:11207325 

doi:10.1176/jnp.13.1.5

37	 Daubert EA, Condron BG. Serotonin: a regulator of neuronal 

morphology and circuitry. Trends Neurosci. 2010;33:424-34. 

Medline:20561690 doi:10.1016/j.tins.2010.05.005

38	 van Kesteren RE, Spencer GE. The role of neurotransmitters in 

neurite outgrowth and synapse formation. Rev Neurosci. 2003;14. 

Medline:14513865 doi:10.1515/REVNEURO.2003.14.3.217

39	 Azmitia EC. Modern views on an ancient chemical: serotonin 

effects on cell proliferation, maturation, and apoptosis. Brain 

Res. 2001;56:413-24. Medline:11750787 doi:10.1016/S0361-

9230(01)00614-1

40	 Mann J. Role of the serotonergic system in the 

pathogenesis of major depression and suicidal behavior. 

Neuropsychopharmacology. 1999;21:99S-105S. Medline:10432495 

doi:10.1038/sj.npp.1395364

41	 Bertrand PP, Paranavitane UT, Chavez C, Gogos A, Jones M, van 

den Buuse M. The effect of low estrogen state on serotonin 

transporter function in mouse hippocampus: A behavioral 

and electrochemical study. Brain Res. 2005;1064:10-20. 

Medline:16298349 doi:10.1016/j.brainres.2005.10.018

42	 Bethea CL, Reddy AP, Tokuyama Y, Henderson JA, Lima FB. 

Protective actions of ovarian hormones in the serotonin 

system of macaques. Front Neuroendocrinol. 2009;30:212-38. 

Medline:19394356 doi:10.1016/j.yfrne.2009.04.003

43	 Sánchez C, Meier E. Behavioral profiles of SSRIs in animal models of 

depression, anxiety and aggression. Psychopharmacology (Berl). 

1997;129:197-205. Medline:9084057 doi:10.1007/s002130050181

44	 Zhang Z, Hong J, Zhang S, Zhang T, Sha S, Yang R. Postpartum 

estrogen withdrawal impairs hippocampal neurogenesis 

and causes depression- and anxiety-like behaviors in mice. 

Psychoneuroendocrinology. 2016;66:138-49. Medline:26803529 

doi:10.1016/j.psyneuen.2016.01.013

45	 Malberg JE, Duman RS. Cell proliferation in adult hippocampus is 

decreased by inescapable stress: Reversal by fluoxetine treatment. 

Neuropsychopharmacology. 2003;28:1562-71. Medline:12838272 

doi:10.1038/sj.npp.1300234

46	 Martinowich K, Lu B. Interaction between BDNF and serotonin: 

Role in mood disorders. Neuropsychopharmacology. 2008;33:73-

83. Medline:17882234 doi:10.1038/sj.npp.1301571

47	 Mondal AC, Fatima M. Direct and indirect evidences of BDNF and 

NGF as key modulators in depression: role of antidepressants 

treatment. Int J Neurosci. 2019;129:283-96. Medline:30235967 doi:

10.1080/00207454.2018.1527328

48	 Gatson JW, Liu MM, Abdelfattah K, Wigginton JG, Smith S, Wolf S, 

et al. Estrone is neuroprotective in rats after traumatic brain injury. 

J Neurotrauma. 2012;29:2209-19. Medline:22435710 doi:10.1089/

neu.2011.2274

49	 Peng CH, Chiou SH, Chen SJ, Chou YC, Ku HH, Cheng CK, et al. 

Neuroprotection by imipramine against lipopolysaccharide-

induced apoptosis in hippocampus-derived neural stem cells 

mediated by activation of BDNF and the MAPK pathway. Eur 

Neuropsychopharmacol. 2018;18:128-40. Medline:17566715 

doi:10.1016/j.euroneuro.2007.05.002

50	 Li SY, Yang D, Yeung CM, Yu WY, Chang RCC, So KF. Lycium 

Barbarum polysaccharides reduce neuronal damage, blood-

retinal barrier disruption and oxidative stress in retinal ischemia/

reperfusion injury. PLoS One. 2011;6:e16380. Medline:21298100 

doi:10.1371/journal.pone.0016380

51	 Wang T, Li Y, Wang Y, Zhou R, Ma L, Hao Y, et al. Lycium barbarum 

polysaccharide prevents focal cerebral ischemic injury by 

inhibiting neuronal apoptosis in mice. PLoS One. 2014;9:e90780. 

Medline:24595452 doi:10.1371/journal.pone.0090780

52	 Rodríguez-Landa JF. Considerations of timing post-ovariectomy in 

mice and rats in studying anxiety- and depression-like behaviors 

associated with surgical menopause in women. Front Behav 

Neurosci. 2022;16:829274. Medline:35309685 doi:10.3389/

fnbeh.2022.829274

53	 de Souza Maciel I, Azevedo VM, Oliboni P, Campos MM. Blockade 

of the kinin B1 receptor counteracts the depressive-like behaviour 

and mechanical allodynia in ovariectomised mice. Behav 

Brain Res. 2021;412:113439. Medline:34197868 doi:10.1016/j.

bbr.2021.113439

54	 Li J, He P, Zhang J, Li N. Orcinol glucoside improves the depressive-

like behaviors of perimenopausal depression mice through 

modulating activity of hypothalamic-pituitary-adrenal/ovary axis 

https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21144854&dopt=Abstract
https://doi.org/10.1016/j.neuropharm.2010.11.024
https://doi.org/10.1016/j.neuropharm.2010.11.024
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30529405&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30529405&dopt=Abstract
https://doi.org/10.1016/j.bbr.2018.12.017
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25152721&dopt=Abstract
https://doi.org/10.3389/fnbeh.2014.00273
https://doi.org/10.3389/fnbeh.2014.00273
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17266735&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17266735&dopt=Abstract
https://doi.org/10.1111/j.1471-4159.2006.04264.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30575146&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30575146&dopt=Abstract
https://doi.org/10.1002/ptr.6232
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11207325&dopt=Abstract
https://doi.org/10.1176/jnp.13.1.5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20561690&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20561690&dopt=Abstract
https://doi.org/10.1016/j.tins.2010.05.005
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14513865&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14513865&dopt=Abstract
https://doi.org/10.1515/REVNEURO.2003.14.3.217
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11750787&dopt=Abstract
https://doi.org/10.1016/S0361-9230(01)00614-1
https://doi.org/10.1016/S0361-9230(01)00614-1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10432495&dopt=Abstract
https://doi.org/10.1038/sj.npp.1395364
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16298349&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16298349&dopt=Abstract
https://doi.org/10.1016/j.brainres.2005.10.018
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19394356&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19394356&dopt=Abstract
https://doi.org/10.1016/j.yfrne.2009.04.003
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9084057&dopt=Abstract
https://doi.org/10.1007/s002130050181
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26803529&dopt=Abstract
https://doi.org/10.1016/j.psyneuen.2016.01.013
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12838272&dopt=Abstract
https://doi.org/10.1038/sj.npp.1300234
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17882234&dopt=Abstract
https://doi.org/10.1038/sj.npp.1301571
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30235967&dopt=Abstract
https://doi.org/10.1080/00207454.2018.1527328
https://doi.org/10.1080/00207454.2018.1527328
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22435710&dopt=Abstract
https://doi.org/10.1089/neu.2011.2274
https://doi.org/10.1089/neu.2011.2274
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17566715&dopt=Abstract
https://doi.org/10.1016/j.euroneuro.2007.05.002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21298100&dopt=Abstract
https://doi.org/10.1371/journal.pone.0016380
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24595452&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24595452&dopt=Abstract
https://doi.org/10.1371/journal.pone.0090780
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35309685&dopt=Abstract
https://doi.org/10.3389/fnbeh.2022.829274
https://doi.org/10.3389/fnbeh.2022.829274
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34197868&dopt=Abstract
https://doi.org/10.1016/j.bbr.2021.113439
https://doi.org/10.1016/j.bbr.2021.113439


RESEARCH ARTICLE 242 Croat Med J. 2023;64:231-42

www.cmj.hr

and activating BDNF- TrkB-CREB signaling pathway. Phytother Res. 

2021;35:5795-807. Medline:34382261 doi:10.1002/ptr.7237

55	 Koebele SV, Bimonte-Nelson HA. Modeling menopause: The 

utility of rodents in translational behavioral endocrinology 

research. Maturitas. 2016;87:5-17. Medline:27013283 doi:10.1016/j.

maturitas.2016.01.015

https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34382261&dopt=Abstract
https://doi.org/10.1002/ptr.7237
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27013283&dopt=Abstract
https://doi.org/10.1016/j.maturitas.2016.01.015
https://doi.org/10.1016/j.maturitas.2016.01.015

