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Abstract

Alzheimer’s disease (AD) is associated with neural oxidative stress and inflammation, and it is assumed to affect more women
than men with unknown mechanisms. Kaempferol (KMP) as a potent natural antioxidant has been known to exhibit various
biological and pharmacological functions, including antioxidant and anti-inflammatory. We aimed here to evaluate the role of
gender difference in response to KMP on the rat model of sporadic AD. Forty-six female and male Wistar rats were divided
into six groups of sham, streptozotocin (STZ)+ saline (SAL), STZ + KMP. Female rats were ovariectomized, and then all
animals received an intracerebroventricular bilateral injection of STZ (3 mg/kg) to induce the AD model. KMP (10 mg/kg)
was intraperitoneally administered for 21 consecutive days. Afterward, spatial learning and memory were assessed via the
Morris water maze task (MWM). Finally, the hippocampus level of superoxide dismutase (SOD), glutathione, and malondi-
aldehyde were measured using calorimetric kits. Data showed a significant cognition deficit in STZ + SAL compared with the
sham. To sum up, we reported that chronic KMP treatment increase significantly improved acquisition and retrieval of spatial
memory as evident by longer TTS (total time spent) and short-latency to the platform in MWM. In addition, KMP increased
the levels of SOD and glutathione in the hippocampus of rats. Also, KMP decreased hippocampal levels of malondialdehyde
in both genders. In conclusion, KMP successfully restores spatial memory impairment independent of gender difference.
This memory restoration may at least in part be mediated through boosting the hippocampal level of SOD and glutathione.

Keywords Neurodegenerative disorder - Streptozotocin - Flavonoids - Gender difference - Oxidative stress - Mespilus
germanica

Introduction

Alzheimer’s disease (AD) is pathologically associated with
the accumulation of amyloid-f deposits [1], and behaviorally
with cognition deficit [2]. There are contradictory findings
of gender difference and cognition performance which vary
from no significant differences [3, 4], outperform of male
vs. female’s hippocampus-dependent memories [5—8], and
better object recognition in females vs. males [9]. Epidemio-
logical studies reported that AD affects women more than
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men in both prevalence and severity [10, 11], especially after
menopause. Multiple mechanisms are hypothesized for gen-
der difference most likely, sex steroid hormones, antioxidant
defenses system, and neurotransmitters [12, 13].

Imbalance in oxidant and antioxidant defense systems is
assumed to be a contributing factor to the progression of
AD [14, 15]. For example, oxidative stress leads to the gen-
eration of reactive oxygen species (ROS) and promotes the
synthesis and deposition of amyloid-f, the main hallmark
protein in AD [16, 17]. Also, free radicals produced dur-
ing oxidative stress reduces the endogenous antioxidants,
causes lipid peroxidation [18, 19], and releases glucocor-
ticoids from the adrenal cortex. Cortisol elevation leads to
shrinkage in hippocampal volume and memory impairment
[18]. Finally, oxidative stress leads to neuroinflammation
and apoptosis [20]. Therefore, targeting oxidative stress and
boosting antioxidant activities might slow down the progres-
sion of AD [21, 22].

@ Springer


http://orcid.org/0000-0003-1703-5464
http://crossmark.crossref.org/dialog/?doi=10.1007/s11064-021-03289-y&domain=pdf

Neurochemical Research

Currently, there is no appropriate treatment for AD. Evi-
dence suggests that natural anti-oxidants found in plants;
mostly flavonoids, may delay the pathogenesis of the disease.
Flavonoids exhibit anti-inflammatory and neuroprotective
activities [20, 23]. Kaempferol (KMP) is a natural flavonoid
with free radical scavenging activity, and it is found in many
vegetables and fruits [24] such as Mespilus germanica. It is a
small tree from the Rosaceae family which has been for tra-
ditional medicine for many years in Europe, and Asia [25].
Our recent study has demonstrated that alcoholic extract
of Mespilus germanica leaves consisted of KMP, chrysin,
luteolin, myricetin, naringenin, quercetin, and rutin, with
a higher percentage of KMP (70%) than other components
[26]. Numerous preclinical studies have shown that KMP
has a wide range of pharmacological activities, including
antioxidant, anti-inflammatory, anticancer, and neuropro-
tection [27, 28]. The neuroprotective effect of KMP has
been shown in many studies. For example, Yang et al. [29]
demonstrated that KMP protects neurons by regulating the
expression levels of various apoptosis-associated proteins.
Also, Zarei et al. [30] demonstrated that KMP improves
memory via the cholinergic system in scopolamine-induced
memory impairment.

Considering the hypothesis assuming that men and
women differ in cognition performance and susceptibility
to AD, the present study was designed to compare the effec-
tiveness of KMP on the cognitive deficit in female and male
rats with sporadic AD. To approach this, we used streptozo-
tocin (STZ) to induce sporadic AD as it was approved before
[31]. Moreover, cognition deficit was assessed by Morris
water maze (MWM).

Materials and Methods
Ethics Statement

Experiments were conducted according to the National Insti-
tutes of Health guide for the care and use of laboratory
animals (NIH Publications No. 8023, revised 1978) and was
approved by the ethics committee of Guilan University of
Medical Sciences, Rasht, Iran (IR.GUMS.REC.1396.51).

Animals, Surgical Procedure, and Drug Treatment

A total of forty-six, 3-month-old, female (n=38/
group) and male (n="7-8/group) Wistar rats (220-250 g)
were used in this study. Animals were kept in a standard con-
dition (22 +2 °C, 12-h light/dark cycle, light on 7:00 A.M.),
ad libitum access to food and water. At the beginning of
the experiment, female rats were anesthetized with 75 mg/
kg ketamine (Rotexmedica GmbH, Trittau, Germany) and
5 mg/kg xylazine (SciENcelab, Houston, Texas, USA),
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and ovariectomized to cease the sexual cycle according to
our previous study [32]. Rats of each gender were divided
into three groups of STZ + saline (SAL), STZ+ KMP, and
sham. Then all animals were subjected to stereotaxic sur-
gery for cannulation in the lateral ventricles based on the
coordination of anterior—posterior = — 0.8 mm, medial-lat-
eral = + 1.5 mm, and dorsal-ventral = — 3.4 mm, according
to Paxinos and Watson atlas [33]. Finally, each rat received
10 pl of ICV injection of STZ (3 mg/kg) (Sigma-Aldrich,
MO, USA) on days one and three after surgery.

Plant Extraction

Mespilus germanica leaves were collected from Guilan
province of Iran in spring and were confirmed (Herbarium
code of 6157) by a specialist from the herbarium center of
the Guilan University. The leaves were washed, dried, and
powdered. Then 5 g of the powdered leaves were dissolved
in 104 mL of 70% ethanol and kept on a 40 °C heater at a
speed of 40 m/s. Then 2 M of hydrochloric acid and ethyl
acetate were mixed and transferred to a rotary evaporator to
achieve pure flavonoids. Two-dimensional paper chroma-
tography was used for detecting all components of extract
(at 366 and 254 nm). Then KMP was isolated by thin layer
chromatography and high-performance thin layer chroma-
tography according to reported methods. KMP (10 mg/kg),
or saline was intraperitoneally infused for 21 consecutive
days [27]. The experimental protocol is explained in Fig. 1.

Morris Water Maze

Morris water maze was used to test animal spatial learn-
ing and memory abilities. MWM consist of a circular pool
(148 cm in diameter, 60 cm in height) was filled with 26 °C
water and divided into four presumptive quadrants (north,
south, east, west). A black hidden-platform (1.5 cm below
the water surface) was submerged in the northwest quad-
rant. MWM included one block (4 trials, 90 s) per day for
4 consecutive days. The probe trial without the platform
was performed to evaluated spatial reference memory on
the 5th day; and then the animal’s vision was assessed by
visible test, with appearing the platform from water. Total
time spent in the target quadrant (TTS), latency time to reach
the platform location, and swimming speed were recorded
using the camera and “Ethovision 11 Noldus” tracking sys-
tem (Netherlands).

Biochemical Measurements

Animals were decapitated under anesthesia with a mix-
ture of ketamine/xylazine. The hippocampal tissue
was removed from the brain on ice and was homog-
enized in lysis buffer (containing Tris-HCI, pH 8.0,
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Fig.1 The experimental protocol of this study. This Fig shows time
course of experiment. Female rats were ovariectomized, and then
both genders received intracerebroventricular injection of strepto-
zotocin on days 1 and 3 after surgery. Intraperitoneal injections of

NaCl, sodium deoxycholate, SDS, EDTA, Triton X100,
1 ml diluted protease inhibitor), then supernatants col-
lected after centrifugation (at 4000 rpm/10 min) were
used to measure biochemical biomarkers. Endogenous
antioxidants of superoxide dismutase (SOD) and glu-
tathione (GSH) were determined using a Super Oxide
Dismutase Assay Kit (Zellbio GmbH, Ulm, Germany)
and a Glutathione Assay Kit (Zellbio GmbH, Ulm, Ger-
many), according to the manufacturer’s instructions. After
adding the appropriate reagents, samples, and standards
into the wells, and following the details of incubation and
washing, the absorbance was measured colorimetrically
at 532 nm, and 412 nm by a microplate reader (Aware-
ness Technology Inc, Palm City, FL, USA); respectively.
Malondialdehyde (MDA) as a marker of lipid peroxida-
tion were determined using a MDA Assay Kit (Zellbio
GmbH, Ulm, Germany), and absorbance was measured
colorimetrically at 532 nm using a spectrophotometer
(UNICCO, Houston, TX, USA).

The brains of four male rats from the groups of sham
and STZ+ SAL and one from the STZ + KMP group, and
also two in the female’s sham group were excluded from
the antioxidants assessments due to technical problems in
western blotting.

Statistical Analysis

Parametric data (checked with Shapiro—Wilk test) were pre-
sented as means + SD. Data related to the acquisition phase
were evaluated by repeated measure and one-way analysis of
variance (ANOVA) followed by Tukey’s post-hoc test. Data
related to the probe trial and biochemical parameters were
analyzed by two-way ANOVA and one-way ANOVA as
well, followed by Tukey’s post-hoc test, assuming P < 0.05.
SPSS software was used for statistical analysis (version 22,
IBM Corporation, Chicago, USA).

kaempferol were performed from day 3 beginning from day after
STZ for 21 consecutive days. Afterward, spatial learning and memory
were assessed via the Morris water maze task. Finally, brain homoge-
nates were used for biochemical analysis

Results

Effect of STZ on Spatial Learning and Memory
in Female and Male Rats

One-way ANOVA followed by Tukey’s post-hoc result
for MWM parameters is given in Fig. 2. Data showed a
significant difference between groups among one gender
in four blocks (B) during the acquisition phase. So that
escape latency was significantly increased during B,,
B;, and B, in the STZ + SAL group compared with the
sham group in female (P =0.003, P=0.001, P=0.001)
and male (P=0.021, P=0.020, P=0.001) rats (Fig. 2a,
b). In the probe test, latency time was significantly longer
in the STZ+ SAL group in female (P =0.002) and male
(P=0.001) rats, compared with the sham counterparts,
respectively (Fig. 2c). According to Fig. 2d, e, TTS was
significantly decreased in the STZ 4+ SAL group com-
pared with the sham group in female (P =0.001) and male
(P=0.001) rats (in the probe phase).

Effect of KMP on Spatial Learning and Memory
in Female and Male Rats with Sporadic AD

Female and male rats of AD model which received KMP,
demonstrated a significant reduction in escape latency
during B,, Bs, and B, compared with the sham group;
in female (P =0.002, P=0.001, P=0.001) and male
(P=0.018, P=0.027, P=0.001) rats (Fig. 2a, b). Latency
time in the probe trial was significantly shorter in the KMP
receiving group compared with the STZ+ SAL group in
female (P =0.003) and male (P=0.001) rats (Fig. 2c).
Besides, during the retrieval phase, TTS was significantly
increased in the STZ + KMP group compared with the
STZ + SAL in female (P=0.001) and male (P=0.001)
rats (Fig. 2d, e).
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Fig.2 Effect of KMP on spatial learning and memory in female and
male rats with sporadic AD. Escape latency in the acquisition phase
in a female rats and b male rats (in female rats: P <0.01 vs. sham
group; ¥*P<0.01 vs. STZ+SAL group; and in male rats *P <0.05,
#P<0.01 vs. sham group; **P<0.05, *P<0.01 vs. STZ+SAL
group). ¢ Latency time during the retrieval phase between groups
in female and male rats (*P<0.01). d Total time spent in the tar-
get quadrant during probe trial between groups in female and male

Comparison of Gender Differences in Spatial
Learning and Memory

Comparing two genders, didn’t show any significant dif-
ference in escape latency during the acquisition phase
[F 56 324=0.401, P=0.787], analyzed by repeated
measure. Also, in the probe phase, comparing two gen-
ders didn’t show any significant difference in latency
time [F , 43=1.43, P=0.251] and TTS [F , 43=0.7383,
P=0.464], analyzed by two-way ANOVA. There were no
significant differences in swimming speed between groups
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Fig.3 Effect of KMP on oxidative stress biomarkers in female and
male rats with sporadic AD. The hippocampal levels of a SOD, b
GSH, and ¢ MDA in female (n=6-8/group) and male (n=4-6/group)
rats with sporadic AD (*P<0.01; **P<0.05). Values are expressed
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rats (*P<0.01). e Occupancy plots during the Morris water maze
probe test in female and male rats. Increasing color intensity (arbi-
trary scale) represents increased time spent. f Average swimming
speed of animals in the Morris water maze. Values are expressed as
means +SD and statistically evaluated by repeated measures, two-
way ANOVA and one-way ANOVA followed by Tukey’s post-hoc
test. female rats: n = 8/group, male rats: n="7-8/group

among one gender [F, ,3=1.37, P=0.266], analyzed by
two-way ANOVA (Fig. 2f).

Effect of STZ on Spatial Oxidative Stress Biomarkers
in Female and Male Rats

One-way ANOVA followed by Tukey’s post-hoc result for
oxidative stress parameters is given in Fig. 3. The hippocam-
pal level of SOD was significantly lower in the AD model
of female rats (P=0.004) and also male rats (P=0.001)
compared with the sham gender counterparts (Fig. 3a). As
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as means+SD and statistically evaluated by two-way ANOVA and
one-way ANOVA followed by Tukey’s post-hoc test. SOD Superox-
ide dismutase; GSH glutathione; MDA malondialdehyde
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shown in Fig. 3b, the level of GSH was significantly reduced
in the STZ treated group compared with the sham group in
female (P=0.001) and male (P =0.006) rats. MDA level
was significantly increased in the female and male group of
STZ + SAL compared with control female (P=0.001) and
male (P=0.001) of the sham (Fig. 3c).

Effect of KMP on Oxidative Stress Biomarkers
in Female and Male Rats with Sporadic AD

SOD activity was significantly elevated in the STZ+ KMP
compared with the STZ receiving group in female
(P=0.001) and male (P=0.009) rats (Fig. 3a). GSH was
significantly enhanced in the female group of STZ+KMP
compared with the STZ+ SAL group (P=0.001) and also
male rats (P=0.012) (Fig. 3b). MDA level was significantly
decreased in the STZ + KMP compared with the STZ+SAL
group in female (P =0.004) and male (P =0.049) rats
(Fig. 3c¢).

Comparison of Gender Differences in Oxidative
Stress Biomarkers

KMP treatment showed no significant change between gen-
ders in the hippocampal level of antioxidants and lipid per-
oxidation [SOD: F, 33=2.55, P=0.094; GSH: F , ;;=241,
P=0.106; MDA: F , 33=0.462, P=0.634], analyzed by
two-way ANOVA.

Discussion

The present study showed that: (1) ICV injection of STZ
in both female and male rats significantly impaird spatial
memory and reduces the endogenous antioxidants of SOD
and GSH, but increased the lipid peroxidation marker of
MDA in the hippocampus of both genders, (2) KMP (10 mg/
kg for 21 consecutive days) reversed STZ-induced memory
impairment and increased the level of SOD and GSH paral-
lel with a reduction in MDA in both genders.

Our data confirmed the previous findings that STZ dis-
turbs brain metabolism, induces insulin resistance [34],
promotes amyloid-f deposition, synaptic dysfunction, tau
hyperphosphorylation, [35-37], and cognitive dysfunction
[38]. Moreover, change in brain level of acetylcholinesterase,
brain-derived neurotrophic factor (BDNF), has been intro-
duced following STZ administration [38, 39].

Moreover, STZ administration induced more memory
impairment in female rats compared with male rats. The
study of Klambatsen et al. [9] demonstrated that male and
ovariectomized female rats had a deficit in a novel object
recognition task, while intact females did not show this
deficit; which is probably due to the elimination of sex

hormones, like our study. However, contradictory with this
study carried out by Bao et al. [40] and Biasibetti et al. [10],
in which they showed poor performance in the MWM and
object recognition tasks in males than females after injec-
tion of STZ. Also, the biasibetti’s study emphasized the
importance of sex dependence in brain response to injury.
The contradictory results probably refer to the protocol and
animals used, so that our female rats were ovariectomized
1 month before the initial of experiment, and this time was
quite sufficient for estrogen withdrawal [41], however, their
animals were non- ovariectomized and intact.

Furthermore, the administration of KMP significantly
restored the STZ-induced cognitive dysfunction and
improved the hippocampal antioxidant parameters independ-
ent of genders. Although the baseline level of learning and
memory capability was worse in females than males 3 weeks
after ovariectomy, both male and female rats learned to find
the platform after treatment with KMP significantly.

In addition, the memory restoration was parallel with
elevation in hippocampal levels of two antioxidants of SOD
and GSH in an independency to gender. The findings of
neuroprotective roles of KMP are in agreement with the
study carried out by Lopez-Sanchez et al. [42], in which
they reported that KMP decreased ischemia-induced brain
damage in male rats due to antioxidant properties [42]. This
finding confirms the previous studies of KMP antioxidant
effects in rat models of Parkinson’s disease [43] and dia-
betic rats [44]. KMP chronic administration successfully
decreased hippocampal level of MDA, which is in agreement
with [45]. Also, it seems that KMP chronic administration
exerts an anti-inflammatory effect as well [27, 46]. Taken
together, our findings consistent with the previous studies
support anti-inflammatory, antioxidant and neuroprotective
properties for KMP in a dose used here.

To answer the question raised here, why KMP didn’t
show a gender difference response, it can be explained that
although female rats exhibited worse navigation in MWM
compared with their male counterparts after STZ administra-
tion, the neuroprotective and antioxidant properties of KMP
seems to override the gender difference. Although males
and females differentially rely on different learning strate-
gies during spatial navigation tasks [47, 48]. For example,
male rodents prefer hippocampus-dependent place strategies
and females prefer striatum-dependent cue strategies when
ovarian hormones are low [47, 48]. In another word, male
rats use geometric cues whereas female rats use landmark
and visual cues to solve spatial tasks in both [49]. Despite, a
sex difference favoring males exists in the standard reference
memory version of the MWM task, but generally there is
no sex difference observed during a cue competition task in
which subjects can use both the place and response strategy
to solve the task [50].
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Finally, our data support that KMP improves spatial
memory independently of gender by increasing hippocampal
level of SOD, GSH, and, MDA. In conclusion, based on our
data, the ability of KMP to improve cognitive performance
equally in female and male rats could involve an ability to
improve redox signaling or to prevent the accumulation of
molecular oxidative damage, via up-regulation of cellular
antioxidative defenses.

One limitation of the study was not being able to measure
the inflammatory and apoptotic markers. Also losing some
brains during western blotting for hippocampal CREB level.
In the clinical importance of view, this compound could be
used to slow down the progression of AD in both genders.
We suggest for future study including non-ovariectomized
female rats and other learning and memory tasks such as
object recognition and Y maze. Comparing changes in the
ROS molecular pathway of nuclear erythroid 2-related factor
2 and also inflammatory cytokines such as tumor necrosis
factor and interleukin following kaempferol administration
in the AD model are suggested.

Author Contributions PB designed this study, performed experiments,
wrote and revised the paper for important intellectual content. KE per-
formed experiments and read the manuscript. SK performed experi-
ments, statistical analysis, and participated in paper writing. All authors
approved the final version of the paper.

Funding This study was supported by a grant from Research and Tech-
nology Chancellor of Guilan University of Medical Sciences, Iran (No.
IR. GUMS. REC. 1936.51). The funder did not participate in data col-
lection and analysis, paper writing, or submission.

Data Availability The datasets and supporting materials generated and/
or analyzed during the current study will be available from the cor-
responding author upon reasonable request.

Declarations

Conflict of interest The authors declare that they have no conflicts of
interest.

Ethical Approval Experiments were conducted according to
the National Institutes of Health guide for the care and use of labo-
ratory animals (NIH Publications No. 8023, revised 1978) and was
approved by the ethics committee of Guilan University of Medical
Sciences, Rasht, Iran (IR.GUMS.REC.1396.51).

References

1. Soscia SJ, Kirby JE, Washicosky KJ, Tucker SM, Ingelsson M,
Hyman B, Burton MA, Goldstein LE, Duong S, Tanzi RE (2010)
The Alzheimer’s disease-associated amyloid p-protein is an anti-
microbial peptide. PLoS ONE 5(3):€9505

@ Springer

10.

11.

12.

13.

14.

15.

16.

18.

19.

20.

21.

Ou Z, Kong X, Sun X, He X, Zhang L, Gong Z, Huang J, Xu
B, Long D, Li J (2018) Metformin treatment prevents amyloid
plaque deposition and memory impairment in APP/PS1 mice.
Brain Behav Immun 69:351-363

Healy SD, Braham SR, Braithwaite VA (1999) Spatial working
memory in rats: no differences between the sexes. Proc R Soc
Lond B 266(1435):2303-2308

Rahman Q, Bakare M, Serinsu C (2011) No sex differences
in spatial location memory for abstract designs. Brain Cogn
76(1):15-19

Koss WA, Frick KM (2017) Sex differences in hippocampal func-
tion. J Neurosci Res 95(1-2):539-562

Yagi S, Galea LA (2019) Sex differences in hippocampal cogni-
tion and neurogenesis. Neuropsychopharmacology 44(1):200-213
Chen W, Liu B, Li X, Wang P, Wang B (2020) Sex differences in
spatial memory. Neuroscience 443:140-147

Persson J, Herlitz A, Engman J, Morell A, Sjolie D, Wikstrom J,
Soderlund H (2013) Remembering our origin: gender differences
in spatial memory are reflected in gender differences in hippocam-
pal lateralization. Behav Brain Res 256:219-228

Klambatsen A, Nygard SK, Chang AJ, Quinones V, Jenab S
(2019) Sex differences in memory and intracellular signaling after
methamphetamine binge treatment. Brain Res 1711:16-22
Biasibetti R, dos Santos JPA, Rodrigues L, Wartchow KM, Suardi
LZ, Nardin P, Selistre NG, Vazquez D, Gongalves C-A (2017)
Hippocampal changes in STZ-model of Alzheimer’s disease are
dependent on sex. Behav Brain Res 316:205-214

Kander MC, Cui Y, Liu Z (2017) Gender difference in oxidative
stress: a new look at the mechanisms for cardiovascular diseases.
J Cell Mol Med 21(5):1024-1032

Brunelli E, Domanico F, La Russa D, Pellegrino D (2014) Sex
differences in oxidative stress biomarkers. Curr Drug Targets
15(8):811-815

Christen Y (2000) Oxidative stress and Alzheimer disease. Am J
Clin Nutr 71(2):621S-629S

Ansari MA, Scheff SW (2010) Oxidative stress in the progression
of Alzheimer disease in the frontal cortex. J Neuropathol Exp
Neurol 69(2):155-167

Mecocci P, Boccardi V, Cecchetti R, Bastiani P, Scamosci M,
Ruggiero C, Baroni M (2018) A long journey into aging, brain
aging, and Alzheimer’s disease following the oxidative stress
tracks. J Alzheimers Dis 62(3):1319-1335

San Tang K (2020) The potential role of nanoyttria in alleviating
oxidative stress biomarkers: implications for Alzheimer’s disease
therapy. Life Sci. https://doi.org/10.1016/j.1fs.2020.118287

. Wojtunik-Kulesza KA, Oniszczuk A, Oniszczuk T, Waks-

mundzka-Hajnos M (2016) The influence of common free radicals
and antioxidants on development of Alzheimer’s Disease. Biomed
Pharmacother 78:39-49

Vinitha E, Singh HJ, Kakalij RM, Kshirsagar RP, Kumar BH,
Diwan PV (2014) Neuroprotective effect of Prunus avium on
streptozotocin induced neurotoxicity in mice. Biomed Prev Nutr
4(4):519-525

Manke A, Wang L, Rojanasakul Y (2013) Mechanisms of nan-
oparticle-induced oxidative stress and toxicity. Biomed Res Int.
https://doi.org/10.1155/2013/942916

de Andrade Teles RB, Diniz TC, Costa Pinto TC, de Oliveira
Junior RG, Gama e Silva M, de Lavor EM, Fernandes AWC, de
Oliveira AP, de Almeida Ribeiro FPR, da Silva AAM (2018)
Flavonoids as therapeutic agents in Alzheimer’s and Parkinson’s
diseases: a systematic review of preclinical evidences. Oxid Med
Cell Longev. https://doi.org/10.1155/2018/7043213

Uttara B, Singh AV, Zamboni P, Mahajan R (2009) Oxidative
stress and neurodegenerative diseases: a review of upstream and
downstream antioxidant therapeutic options. Curr Neuropharma-
col 7(1):65-74


https://doi.org/10.1016/j.lfs.2020.118287
https://doi.org/10.1155/2013/942916
https://doi.org/10.1155/2018/7043213

Neurochemical Research

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Rekatsina M, Paladini A, Piroli A, Zis P, Pergolizzi JV, Varrassi G
(2020) Pathophysiology and therapeutic perspectives of oxidative
stress and neurodegenerative diseases: a narrative review. Adv
Ther. https://doi.org/10.1007/s12325-019-01148-5

Bakhtiari M, Panahi Y, Ameli J, Darvishi B (2017) Protective
effects of flavonoids against Alzheimer’s disease-related neural
dysfunctions. Biomed Pharmacother 93:218-229

Kumar S, Mishra A, Pandey AK (2013) Antioxidant mediated
protective effect of Parthenium hysterophorus against oxidative
damage using in vitro models. BMC Complement Altern Med
13(1):120

Rop O, Sochor J, Jurikova T, Zitka O, Skutkova H, Mlcek J, Salas
P, Krska B, Babula P, Adam V (2011) Effect of five different
stages of ripening on chemical compounds in medlar (Mespilus
germanica L.). Molecules 16(1):74-91

Kouhestani S, Jafari A, Babaei P (2018) Kaempferol attenuates
cognitive deficit via regulating oxidative stress and neuroinflam-
mation in an ovariectomized rat model of sporadic dementia. Neu-
ral Regen Res 13(10):1827

Pan X, Liu X, Zhao H, Wu B, Liu G (2020) Antioxidant, anti-
inflammatory and neuroprotective effect of kaempferol on rote-
none-induced Parkinson’s disease model of rats and SH-S5Y5
cells by preventing loss of tyrosine hydroxylase. J Funct Foods
74:104140

Calderon-Montano JM, Burgos-Morén E, Pérez-Guerrero C,
Lopez-Lazaro M (2011) A review on the dietary flavonoid kaemp-
ferol. Mini Rev Med Chem 11(4):298-344

Yang E-J, Kim G-S, Jun M, Song K-S (2014) Kaempferol attenu-
ates the glutamate-induced oxidative stress in mouse-derived hip-
pocampal neuronal HT22 cells. Food Funct 5(7):1395-1402
Zarei M, Mohammadi S, Jabbari S, Shahidi S (2019) Intracere-
broventricular microinjection of kaempferol on memory retention
of passive avoidance learning in rats: involvement of cholinergic
mechanism (s). Int J Neurosci 129(12):1203-1212

El Sayed NS, Ghoneum MH (2020) Antia, a natural antioxi-
dant product, attenuates cognitive dysfunction in streptozo-
tocin-induced mouse model of sporadic Alzheimer’s disease
by targeting the amyloidogenic, inflammatory, autophagy, and
oxidative stress pathways. Oxid Med Cell Longev. https://doi.
org/10.1155/2020/4386562

Fayaz E, Damirchi A, Zebardast N, Babaei P (2019) Cinnamon
extract combined with high-intensity endurance training alleviates
metabolic syndrome via non-canonical WNT signaling. Nutrition
65:173-178

Agrawal R, Tyagi E, Shukla R, Nath C (2011) Insulin receptor
signaling in rat hippocampus: a study in STZ (ICV) induced mem-
ory deficit model. Eur Neuropsychopharmacol 21(3):261-273
Chen J, Gao L, Zhang Y, Su Y, Kong Z, Wang D, Yan M (2020)
Acteoside-improved streptozotocin-induced learning and mem-
ory impairment by upregulating hippocampal insulin, glucose
transport, and energy metabolism. Phytother Res. https://doi.
org/10.1002/ptr.6811

Zhou M, Chen S, Peng P, Gu Z, Yu J, Zhao G, Deng Y (2019)
Dulaglutide ameliorates STZ induced AD-like impairment of
learning and memory ability by modulating hyperphosphorylation
of tau and NFs through GSK3p. Biochem Biophys Res Commun
511(1):154-160

Dalli T, Beker M, Terzioglu-Usak S, Akbas F, Elibol B (2018)
Thymoquinone activates MAPK pathway in hippocampus
of streptozotocin-treated rat model. Biomed Pharmacother
99:391-401

Bassani TB, Bonato JM, Machado MM, Céppola-Segovia V,
Moura EL, Zanata SM, Oliveira RM, Vital MA (2018) Decrease

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

in adult neurogenesis and neuroinflammation are involved
in spatial memory impairment in the streptozotocin-induced
model of sporadic Alzheimer’s disease in rats. Mol Neurobiol
55(5):4280-4296

Luo H, Xiang Y, Qu X, Liu H, Liu C, Li G, Han L, Qin X (2019)
Apelin-13 suppresses neuroinflammation against cognitive defi-
cit in a streptozotocin-induced rat model of Alzheimer’s disease
through activation of BDNF-TrkB signaling pathway. Front Phar-
macol 10:395

Agrawal M, Perumal Y, Bansal S, Arora S, Chopra K (2020) Phy-
cocyanin alleviates ICV-STZ induced cognitive and molecular
deficits via PI3-Kinase dependent pathway. Food Chem Toxicol
145:111684

Bao J, Mahaman YA, Liu R, Wang J-Z, Zhang Z, Zhang B, Wang
X (2017) Sex differences in the cognitive and hippocampal effects
of streptozotocin in an animal model of sporadic AD. Front Aging
Neurosci 9:347

Babaei P, Shirkouhi SG, Hosseini R, Tehrani BS (2017) Vitamin
D is associated with metabotropic but not neurotrophic effects of
exercise in ovariectomized rats. Diabetol Metab Syndr 9(1):1-9
Lépez-Sanchez C, Martin-Romero FJ, Sun F, Luis L, Samhan-
Arias AK, Garcia-Martinez V, Gutiérrez-Merino C (2007) Blood
micromolar concentrations of kaempferol afford protection against
ischemia/reperfusion-induced damage in rat brain. Brain Res
1182:123-137

Li S, Pu X-P (2011) Neuroprotective effect of kaempferol against
a 1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine-induced mouse
model of Parkinson’s disease. Biol Pharm Bull 34(8):1291-1296
Al-Numair KS, Chandramohan G, Veeramani C, Alsaif MA
(2015) Ameliorative effect of kaempferol, a flavonoid, on oxi-
dative stress in streptozotocin-induced diabetic rats. Redox Rep
20(5):198-209

El-kott AF, Abd-El-Karim M, Khalifa HS, Morsy K, Ibrahim EH,
Bin-Jumah M, Abdel-Daim MM, Aleya L (2020) Kaempferol pro-
tects against cadmium chloride-induced hippocampal damage and
memory deficits by activation of silent information regulator 1 and
inhibition of poly (ADP-Ribose) polymerase-1. Sci Total Environ.
https://doi.org/10.1016/j.scitotenv.2020.138832

Zhang R, Ai X, Duan Y, Xue M, He W, Wang C, Xu T, Xu M,
Liu B, Li C (2017) Kaempferol ameliorates HON2 swine influ-
enza virus-induced acute lung injury by inactivation of TLR4/
MyD88-mediated NF-kB and MAPK signaling pathways. Biomed
Pharmacother 89:660-672

Hawley WR, Grissom EM, Barratt HE, Conrad TS, Dohanich GP
(2012) The effects of biological sex and gonadal hormones on
learning strategy in adult rats. Physiol Behav 105(4):1014-1020
Grissom EM, Hawley WR, Hodges KS, Fawcett-Patel JM, Dohan-
ich GP (2013) Biological sex influences learning strategy prefer-
ence and muscarinic receptor binding in specific brain regions of
prepubertal rats. Hippocampus 23(4):313-322

Jones CM, Healy SD (2006) Differences in cue use and spatial
memory in men and women. Proc R Soc B 273(1598):2241-2247
Yagi S, Drewczynski D, Wainwright SR, Barha CK, Hershorn O,
Galea LA (2017) Sex and estrous cycle differences in immediate
early gene activation in the hippocampus and the dorsal striatum
after the cue competition task. Horm Behav 1(87):69-79

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1007/s12325-019-01148-5
https://doi.org/10.1155/2020/4386562
https://doi.org/10.1155/2020/4386562
https://doi.org/10.1002/ptr.6811
https://doi.org/10.1002/ptr.6811
https://doi.org/10.1016/j.scitotenv.2020.138832

	Sex-Independent Cognition Improvement in Response to Kaempferol in the Model of Sporadic Alzheimer’s Disease
	Abstract
	Introduction
	Materials and Methods
	Ethics Statement
	Animals, Surgical Procedure, and Drug Treatment
	Plant Extraction
	Morris Water Maze
	Biochemical Measurements
	Statistical Analysis

	Results
	Effect of STZ on Spatial Learning and Memory in Female and Male Rats
	Effect of KMP on Spatial Learning and Memory in Female and Male Rats with Sporadic AD
	Comparison of Gender Differences in Spatial Learning and Memory
	Effect of STZ on Spatial Oxidative Stress Biomarkers in Female and Male Rats
	Effect of KMP on Oxidative Stress Biomarkers in Female and Male Rats with Sporadic AD
	Comparison of Gender Differences in Oxidative Stress Biomarkers

	Discussion
	References




