Received: 3 June 2022 | Revised: 29 July 2022 Accepted: 11 August 2022

DOI: 10.1111/cns.13951

CNS Neuroscience & Therapeutics
ORIGINAL ARTICLE ' WILEY

Memory improvement in senile rats after prebiotic and
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Aims: We correlated the levels of GLP-1 with spatial memory in senile animals to deter-

Methods: Senile rats were randomly assigned to four groups: (1) water (control); (2)

Enterococcus faecium (probiotic); (3) agave inulin (prebiotic); and (4) E. faecium +agave
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inulin (symbiotic). Each supplement was administered by an orogastric cannula for

test (MWM). We extracted the hippocampus, intestine, and serum. GLP-1 levels were
quantified by enzyme-linked immunosorbent assay.

Results: A significant decrease in escape latency time in the MWM was observed in
all groups treated with supplements. The symbiotic group achieved the highest reduc-
tion (15.13s+6.40) (p <0.01). We did not find a significant increase in GLP-1 levels
nor a direct correlation of its levels with spatial memory improvement (p >0.05).
Conclusion: Prebiotic and probiotic supplementation improved spatial memory in se-

nile animals. However, this beneficial effect did not correlate with GLP-1 levels.
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1 | INTRODUCTION The main mechanisms participating in the induction of Cl are

those associated with age-specific pathological changes, such as
Cognitive impairment (Cl) represents a public health problem. In the production of reactive oxygen species and the decrease in the
Mexico, it is estimated that 5-10% of the population aged 60years function of the antioxidant system. These events promote neuronal
or older suffer from some type of CI.} death? and decrease both spatial memory® and spatial learning.* In
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addition, numerous studies have strongly correlated the genesis of
CI° with a chronic inflammatory state®’ related to dysbiosis which
is a condition that causes a significant imbalance of the microbiota-
gut-brain axis, a bidirectional communication system between the
gut microbiota and the brain.®

Dysbiosis promotes an increase in the permeability of the intes-
tinal barrier, leading to bacterial translocation and the consequent
intestinal inflammation.? This phenomenon alters the blood flow to

the blood-brain barrier,10

increasing neuroinflammation and pro-
moting neurodegeneration.!! Therefore, the restoration of eubiosis
through prebiotics and probiotics supplementation could be a thera-
peutic approach against C|.1213

Prebiotics are selective substrates that promote the growth of
beneficial bacteria in the gut.* One example is inulin, which is found
mainly in agave15 and can attenuate oxidative stress and protein car-
boxylation.2 Additionally, inulin elevates glucagon-like peptide type
1 (GLP-1) levels."®

On the other hand, probiotics are live microorganisms that im-
prove health when consumed in adequate amounts.?” An example is
Enterococcus faecium, a gram-positive bacterium naturally present in
the gastrointestinal tract. E. faecium can confer bacterial antagonism
and immune system modulation.'®

The simultaneous administration of a prebiotic (inulin) and a pro-
biotic (E. faecium) -symbiotic-* could be an interesting strategy for
settling dysbiosis and, thereby, improving cognition. In line with this,
recent studies have shown that the administration of the symbiotic
E. faecium +agave inulin improves cognitive function.” However,
there is still investigation on the main mechanisms responsible for
inducing this beneficial effect. As inulin can increase GLP-1 levels,*¢

20.21 it is possible to assume that

which in turn enhances memory,
GLP-1 is the main mechanism through which the symbiotic improves
cognition.

The objective of this study was to evaluate the effect of the pro-
biotic E. faecium, the prebiotic agave inulin, and the symbiotic (E. fae-
cium +inulin) on GLP-1 levels and its correlation with spatial memory

in senile rats.

2 | METHODOLOGY

2.1 | Experimental design

This is an analytical and experimental study in which the effect of
supplementation with a probiotic (E. faecium) and/or a prebiotic
(agave inulin) on spatial memory was evaluated in senile rats. For
this purpose, 32 rats were randomly assigned into four groups of
eight rats each using the GraphPad QuickCalcs program (http://
www.graphpad.com/quickcalcs/): Group 1: Control group, to which
the vehicle was administered (water at 2 ml/kg); Group 2: E. faecium
(probiotic) was administered (4x10® colony forming units [CFU]/
dose);?2 Group 3: agave inulin was administered (860mg/kg body
weight);23 and Group 4: symbiotic group (combination of prebiotic
and probiotic at the previously mentioned doses). The sample size

for this experiment was calculated using an alpha of 0.05 and a beta
of 0.20. This sample size allowed the detection of an effect size of
0.1 or greater.

Supplementation was administered daily for 5weeks via a 16-
gauge orogastric metal cannula. In the fifth week, a spatial memory
evaluation was performed.

The Morris Water Maze (MWM) test was used for analyzing the
escape time and the time spent in each of the quadrants. At the end
of the experiment, the animals were euthanized with intraperitoneal
sodium pentobarbital at a single dose of 1 milliliter (ml). Afterward,
the hippocampus, ileum, and serum (by blood centrifugation ob-
tained from intracardiac puncture) were obtained. Subsequently,
GLP-1 levels were quantified using the enzyme-linked immunosor-

bent assay (ELISA) technique.

2.2 | Care of the animals

Thirty-two adult Sprague-Dawley (15-month-old) male rats were
used. These rats were kept under a 12-h light/dark cycle, with a tem-
perature of 20-25°C and humidity between 40% and 70%. The ani-
mals were fed with standard Teklad Global Diets® brand pellet feed
and ad libitum filter water. The feed was changed every week, the
filtered water in the drinking troughs was changed every third day,
and the sawdust was changed every third day to maintain hygienic
conditions. The animals were visited daily to be supplemented and

monitored.

2.3 | Morris water maze test

This test was used to evaluate spatial memory in rats.?* It consists
of a circular pool with a hidden platform submerged below the
water surface, which must be found by the animal. The location of
the platform can only be encoded relative to three visual cues that
were positioned equidistant above the water level: thereby using
spatial memory. For this study, rats were placed at different start-
ing positions in a circular pool (diameter of 120cm) filled with water
(21-22°C). Rats were trained to find a platform (diameter of 10 cm),
which was submerged 2 centimeters below the water surface and
located in the southwestern (SW) quadrant of the pool. Animals un-
able to perform the test were eliminated. The MWM consists of two
phases; the first is the acquisition or training phase, in which each rat
performed four acquisition trials (maximal swimming time 60s; 20s
on the platform; inter-trial interval 20s) per day for five consecutive

days (starting positions varied each day).?

All trials were recorded,
and latency time, defined as the delay in finding the platform, was
used as a measure for spatial learning. During the trial phase, the
platform was removed, and the rats were allowed to swim freely for
60s to analyze the percentage of time spent on the target quadrant
(where the platform stood) against the percentage of time spent on
the non-target quadrants. Trials were recorded and analyzed using

a computerized system (Smart v3.0.02 Panlab Harvard Apparatus)
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which calculates the latency time to reach the hidden platform based

on the time-tagged XY-coordinates of the rat.

2.4 | GLP-1determination
The concentration of GLP-1 was determined by obtaining bio-
logical material from three sites: (1) Serum. After administration
of pentobarbital in a single dose of 1 ml, an intracardiac puncture
(with 1 ml heparinized syringe and insulin needle) was performed
in the left paramedian line of the anterior chest wall between the
third and fourth rib to obtain 1 ml of blood. Blood samples were
stored in 2 ml Eppendorf tubes specifically marked for each group
and rat number. The tubes were centrifuged at 4000 revolutions
per minute (rpm) for 15min and maintained at 4°C. The serum was
stored in similarly labeled Eppendorf tubes and kept in a freezer
at -80°C. For serum analysis, the sample was defrosted at room
temperature and a 96-well microplate was used to perform the
ELISA test according to the manufacturer: GLP-1 (MyBioSource®,
USA). Subsequently, the plate was covered with parafilm and
placed in a shaker (BioRad®) for 10 min at 120rpm for mixing and
homogenization. The analysis was made by spectrophotometry
using the Admin® program, with Thermo Multiskan Spectrum
Spectrophotometer, at 500nm. The bar graphs were made using
the Prism 5 program (Prism 5.01, GraphPad Software Inc., San
Diego, CA, USA). (2) Intestine: The animal's intra-abdominal cav-
ity was exposed until the intestine became visible. The cecum was
located so that the ileum could be sectioned. The sectioned ileum
was stored at -80°C until processing. (3) Hippocampus: After eu-
thanizing the rats, they were decapitated and the brain samples
quickly removed. The hippocampus was dissected and weighed.
The tissue was stored at ~80°C until processing.?®

After 5weeks of freezing at -80°C, the homogenization of the sam-
ples was carried out. The tissues were rinsed in phosphate-buffered
saline (PBS (0.01mol/L, pH 7.0-7.2)) in a 10:1 PBS-weight ratio of tis-
sue to remove excess blood before homogenization. Subsequently, the
tissues were chopped into small pieces and homogenized into 5-10 ml
PBS with a crystal-in-ice homogenizer. The resulting suspension was
either sonicated with an ultrasonic cell breaker or subjected to two ice-
thaw cycles to further break down the cell membranes. Afterward, the
homogenized samples were centrifuged for 30min at 14,000rpm. The
supernatants were used for analysis.?’

The samples were run in duplicate in a spectrophotometer, fol-
lowing the specifications of the ELISA kit: GLP-1 (MyBioSource®,
USA), to measure optical density with a spectrophotometer at a

wavelength of 450 nm within 30 min of adding the last solution.?’

2.5 | Ethical considerations

The animals were supplied by the animal breeding center, Anahuac
University and were handled according to the National Institutes
of Health (NIH) guidelines for handling laboratory animals. All

procedures were performed in accordance with the NIH Guidelines
for the care and use of laboratory animals, and the Mexican Official
Standard on technical specifications for the production, care, and use
of laboratory animals. All experiments were designed and reported
according to the guidelines of “The ARRIVE guidelines” (Animal
Research: Reporting of In Vivo Experiments). To perform euthanasia,
the animals were previously anesthetized by intramuscular injection
with pentobarbital.

The project was evaluated and approved by the CICSA-Research
Committee with the number 201707.

2.6 | Statistical analysis

The statistical analysis was performed with the Prism 5 program
(Prism 5.01, GraphPad Software Inc., San Diego, CA, USA). Data
are expressed as mean +standard error. A descriptive analysis of
the four experimental groups was performed. The distribution
of the data under the curve was analyzed for normality using
the Shapiro-Wilk test. The MWM test was analyzed by two-way
ANOVA. To calculate the size of the effect on spatial memory
evaluations, we used Rosenthal's r, an effect size test for data
with non-normal distribution. This test can be used alongside
Mann-Whitney U-test results. Results of GLP-1 concentrations
were analyzed with one-way ANOVA followed by the Tukey test.
Correlation analysis between spatial memory and GLP-1 con-
centrations in serum and ileum was performed using Pearson's
correlation coefficient, for parametric samples. For GLP-1 concen-
trations in the hippocampus, Spearman's correlation was used, for
non-parametric samples. Statistical significance was established
when p <0.05.

3 | RESULTS

3.1 | Spatial memory
The analysis of spatial memory revealed a significant decrease
in escape latency time in all supplemented groups, especially in
those animals treated with the symbiotic. The symbiotic group
presented a reduction in time compared to the control group. The
interaction between therapy and time was statistically significant
(F11,144 =1.94, p = 0.01; Two-way ANOVA with Bonferroni post-
hoc test; Figure 1A). On the last day of the acquisition phase, a
difference of 32s was shown between the two groups for es-
cape latency time (control: 47.52s+6.39 [mean +SE]; symbiotic:
15.13s+6.40; p<0.05; Mann-Whitney U test; Figure 1B). With
the aim of strengthening these results, Rosenthal's r was calcu-
lated. In this case, a large size effect was obtained in the spatial
memory of the symbiotic group (r = 0.67).

On the sixth day of testing, memory retention was analyzed
by removing the platform from the MWM. The time spent in the
target quadrant was evaluated. When comparing the control group
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FIGURE 1 Results from the Morris Water Maze (MWM) test.
(A) Escape latency time from the starting point in the northern
quadrant and the platform in the southwestern quadrant shows a
decrease in time in all supplemented groups. Two-way ANOVA for
repeated measures followed by post hoc Bonferroni (F11,144 =1.94,
**p = 0.01). (B) On the fifth day of the acquisition phase, the
symbiotic group shows a significantly shorter escape time
compared to the control group. Mean+SE, n = 8, Mann-Whitney U
test, *p <0.05
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FIGURE 2 Percentage of time spent in the target quadrant.
Time spent in the target quadrant was significantly longer in the
symbiotic group. Mean +SE, n = 8. *p <0.01; one-way ANOVA with
Tukey post-hoc test

(21.26's) with the symbiotic group, the latter had a significantly lon-
ger time spent in the target quadrant (34.19s) (p <0.01; one-way
ANOVA with Tukey post-hoc test; Figure 2).
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FIGURE 3 GLP-1 levels in studied rats. There was no significant
difference between the groups. Mean+SE, n = 8, p >0.05; one-way
ANOVA with Tukey Post-hoc test

3.2 | GLP-1 concentration

Glucagon-like peptide type 1 levels in serum, ileum, and hip-
pocampus were very similar between the studied groups. There
was no significant difference when comparing the concentra-
tions observed in serum (control: 15,807 +2002; E. faecium:
17,377 £2142; inulin: 14,277 +1057; symbiotic: 15,233+557;
mean +SE; p >0.05; one-way ANOVA with Tukey post-hoc test),
ileum (control: 13,763 +1109; E. faecium: 14,874 + 1456; inulin:
14,895 + 1230; symbiotic: 15,126 + 909; mean + SE; p >0.05; one-
way ANOVA with Tukey post-hoc test), and hippocampus (control:
4974 +267; E. faecium: 5214 +506; inulin: 5541 + 265; symbiotic:
5178 +499; mean+SE; p >0.05; one-way ANOVA with Tukey
Post-hoc test; Figure 3).



SERVIN-CASAS ET AL.

1990
_I_Wl LEY- CN'S Neuroscience & Therapeutics

As GLP-1 has been associated with memory regulation, we de-
cided to correlate the concentrations of this incretin with spatial
memory in senile rats.?® Therefore, the relationship between these
variables was evaluated. Figure 4 shows that GLP-1 levels in serum
(r=-0.627), ileum (r = 0.080), and hippocampus (rho = -0.404) did
not correlate with spatial memory.

4 | DISCUSSION

Prebiotic and probiotic supplementation has been demonstrated
to improve cognitive function. Recent studies have shown that
the simultaneous administration of E. faecium and agave inulin
(symbiotic) promotes better spatial memory.!? Although the re-
sults of that study were promising and provided a way to explain
a possible mechanism of action of this symbiotic, some questions
remained about the involvement of other potential elements in
improving memory. GLP-1 could also be related to memory im-
provement. Upregulation of this incretin in the hippocampus im-
proves cognitive function, promotes neurogenesis, and decreases
inflammation and apoptosis.zg’30 Since the synthesis of GLP-1 can
be stimulated by inulin,® in this study we evaluated the relation-
ship of this incretin with the improvement in memory after the
administration of this therapeutic approach.

As shown in the present study, treatment with the symbiotic in-
duced a significant improvement in spatial memory. Nevertheless,
this therapeutic approach was not capable of increasing GLP-1
levels. Furthermore, we found no significant correlation between
memory performance and GLP-1 levels. These findings suggest that,
instead of GLP-1, there could be other mechanisms that participate
in the improvement of memory induced by the symbiotic.

Previous studies have shown that memory improvement in an-
imals treated with the same symbiotic we used and at the same
dose, was associated with a significant increase in butyrate levels,
a short-chain fatty acid (SCFA) produced by E. faecium and which
has anti-inflammatory properties.’’ Given that neuroinflammation is
one of the main factors that induce Cl, butyrate production could be
reducing inflammation, at least in part, and thus improving cognitive
function. On the other hand, inulin could also be modulating inflam-
mation, either by inducing the anti-inflammatory cytokine interleu-
kin-10 (IL-10) or by inhibiting the nuclear factor kappa B transcription
factor.3! Therefore, the modulation of neuroinflammation could be
one of the possible mechanisms that promote memory improvement
after the administration of this symbiotic.

Additionally, it has also been reported a significant increase in
brain-derived neurotrophic factor (BDNF) concentration after sup-
plementation with E. faecium +inulin.!? This molecule could also play
an important role in inducing spatial memory improvement. BDNF is
a critical molecule for memory consolidation and memory storage.*?
BDNF is involved in the induction and maintenance of hippocam-
pal long-term potentiation, which is essential for the encoding and
storage of long-term spatial memory.19 Therefore, another possible
mechanism of action of symbiotic supplementation could be through
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FIGURE 4 Correlation of spatial memory and GLP-1 levels in
symbiotic-treated rats. No significant correlation was observed in
any case (p >0.05). Correlation analysis between spatial memory
and GLP-1 concentrations in serum and ileum was performed using
Pearson's correlation coefficient. For GLP-1 concentrations in the
hippocampus, Spearman's correlation was used

the increase in BDNF levels. In this way, anti-inflammation and
BDNF production, independently, could be improving the neurolog-
ical performance observed in rats supplemented with the symbiotic.

Finally, yet importantly, the lack of response of GLP-1 should be
further studied. According to our results, it could be assumed that
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the administered dose of the symbiotic could be the cause of the
failed response on GLP-1 levels. Indeed, the upregulation of GLP-1 by
inulin has been reported to be a dose-dependent effect.%® Studies in
which inulin increased GLP-1 levels administered higher amounts of
this prebiotic than those used in our study.>* The latter could be the
main reason why, in this study, inulin did not increase GLP-1 levels.
The present study confirms that GLP-1, a possible promoter of
memory enhancement, does not participate in the improvement of
spatial memory observed in rats supplemented with the symbiotic

formed by E. faecium and inulin.

5 | CONCLUSIONS

The symbiotic consisting of E. faecium and inulin induces a significant
improvement in spatial memory in middle-aged rats. This memory
improvement did not correlate with GLP-1 levels. Our study sup-
ports the inclusion of other mechanisms of action of symbiotics that
lead to memory improvements, such as BDNF production and anti-

inflammatory effects.

AUTHOR CONTRIBUTIONS

All authors contributed equally to the following three components:
(1) concept and design of study or acquisition of data or analysis and
interpretation of data; (2) drafting the article or revising it critically
for important intellectual content; and (3) final approval of the ver-

sion to be published.

ACKNOWLEDGMENTS
None.

FUNDING INFORMATION
This work was supported by funds and infrastructure of Universidad

Anahuac México.

CONFLICT OF INTEREST

The authors declare not to have any conflict of interest.

DATA AVAILABILITY STATEMENT
Research materials related to this manuscript will be provided upon
request to the authors.

ORCID

Gabriela Andrea Servin-Casas
org/0000-0003-4347-9229
https://orcid.org/0000-0003-4950-910X
https://orcid.

https://orcid.

Alejandra Romo-Araiza
Gabriela Gutierrez-Salmean
org/0000-0003-3651-0865
https://orcid.org/0000-0002-5563-8891
https://orcid.

Enrique Martinez-Solis
Andrea Paola Ibarra-Garcia
org/0000-0003-0068-2614
https://orcid.org/0000-0001-5559-2339
https://orcid.org/0000-0003-4457-1422

Yolanda Cruz-Martinez
Roxana Rodriguez-Barrera

Elisa Garcia "= https://orcid.org/0000-0001-7588-3846

Diego Incontri-Abraham "= https://orcid.org/0000-0001-6764-129X

Antonio Ibarra "= https://orcid.org/0000-0003-2489-4689

REFERENCES

1. Alvarez-Cisneros T, Torres Castro S, Mena-Montes B, Torres-
Carrillo N. Alzheimer: diferencias por género entre América Latina y
otras regiones del mundo Género y salud en cifras. Secretaria de Salud;
2017:15.

2. Krishna G, Muralidhara. Oral supplements of inulin during gesta-
tion offsets rotenone-induced oxidative impairments and neuro-
toxicity in maternal and prenatal rat brain. Biomed Pharmacother.
2018;104:751-762.

3. Kirova AM, Bays RB, Lagalwar S. Working memory and executive
function decline across normal aging, mild cognitive impairment,
and Alzheimer's disease. Biomed Res Int. 2015;2015:748212.

4. Giuli C, Papa R, Lattanzio F, Postacchini D. The effects of cognitive
training for elderly: results from my mind project. Rejuvenation Res.
2016;19:485-494.

5. Schain M, Kreisl WC. Neuroinflammation in neurodegenerative dis-
orders-a review. Curr Neurol Neurosci Rep. 2017;17:25.

6. Cho J, ParkYJ, Gonzalez-Portillo B, et al. Gut dysbiosis in stroke and
its implications on Alzheimer's disease-like cognitive dysfunction.
CNS Neurosci Ther. 2021;27:505-514.

7. Harach T, Marungruang N, Duthilleul N, et al. Reduction of Abeta
amyloid pathology in APPPS1 transgenic mice in the absence of gut
microbiota. Sci Rep. 2017;7:41802.

8. Liu P, Jia XZ, Chen Y, et al. Gut microbiota interacts with intrinsic
brain activity of patients with amnestic mild cognitive impairment.
CNS Neurosci Ther. 2021;27:163-173.

9. Kowalski K, Mulak A. Brain-gut-microbiota axis in Alzheimer's dis-
ease. J Neurogastroenterol Motil. 2019;25:48-60.

10. Kim N, Yun M, Oh YJ, Choi HJ. Mind-altering with the gut:
modulation of the gut-brain axis with probiotics. J Microbiol.
2018;56:172-182.

11. Divyashri G, Krishna G, Muralidhara, Prapulla SG. Probiotic attri-
butes, antioxidant, anti-inflammatory and neuromodulatory effects
of Enterococcus faecium CFR 3003: in vitro and in vivo evidence. J
Med Microbiol. 2015;64:1527-1540.

12. Cerdo T, Ruiz A, Suarez A, Campoy C. Probiotic, prebiotic, and brain
development. Nutrients. 2017;9:1247.

13. Chen D, Yang X, Yang J, et al. Prebiotic effect of fructooligosac-
charides from morinda officinalis on Alzheimer's disease in rodent
models by targeting the microbiota-gut-brain axis. Front Aging
Neurosci. 2017;9:403.

14. Gibson GR, Hutkins R, Sanders ME, et al. Expert consensus doc-
ument: the International Scientific Association for Probiotics
and Prebiotics (ISAPP) consensus statement on the defini-
tion and scope of prebiotics. Nat Rev Gastroenterol Hepatol.
2017;14:491-502.

15. Zhang Q, Yu H, Xiao X, Hu L, Xin F, Yu X. Inulin-type fructan im-
proves diabetic phenotype and gut microbiota profiles in rats.
Peer). 2018;6:e4446.

16. Kietsiriroje N, Kanjanahirun K, Kwankaew J, Ponrak R, Soonthornpun
S. Phytosterols and inulin-enriched soymilk increases glucagon-like
peptide-1 secretion in healthy men: double-blind randomized con-
trolled trial, subgroup study. BMC Res Notes. 2018;11:844.

17. Athauda D, Foltynie T. The glucagon-like peptide 1 (GLP) receptor
as a therapeutic target in Parkinson's disease: mechanisms of ac-
tion. Drug Discov Today. 2016;21:802-818.

18. Cattaneo A, Cattane N, Galluzzi S, et al. Association of brain amy-
loidosis with pro-inflammatory gut bacterial taxa and peripheral in-
flammation markers in cognitively impaired elderly. Neurobiol Aging.
2017;49:60-68.


https://orcid.org/0000-0003-4347-9229
https://orcid.org/0000-0003-4347-9229
https://orcid.org/0000-0003-4347-9229
https://orcid.org/0000-0003-4950-910X
https://orcid.org/0000-0003-4950-910X
https://orcid.org/0000-0003-3651-0865
https://orcid.org/0000-0003-3651-0865
https://orcid.org/0000-0003-3651-0865
https://orcid.org/0000-0002-5563-8891
https://orcid.org/0000-0002-5563-8891
https://orcid.org/0000-0003-0068-2614
https://orcid.org/0000-0003-0068-2614
https://orcid.org/0000-0003-0068-2614
https://orcid.org/0000-0001-5559-2339
https://orcid.org/0000-0001-5559-2339
https://orcid.org/0000-0003-4457-1422
https://orcid.org/0000-0003-4457-1422
https://orcid.org/0000-0001-7588-3846
https://orcid.org/0000-0001-7588-3846
https://orcid.org/0000-0001-6764-129X
https://orcid.org/0000-0001-6764-129X
https://orcid.org/0000-0003-2489-4689
https://orcid.org/0000-0003-2489-4689

1992
_I_WI LEY_ CN'S Neuroscience & Therapeutics

19.
20.

21.

22.

23.

24,

25.
26.

27.

28.

SERVIN-CASAS ET AL.

Romo-Araiza A, Gutierrez-Salmean G, Galvan EJ, et al. Probiotics
and prebiotics as a therapeutic strategy to improve memory in a
model of middle-aged rats. Front Aging Neurosci. 2018;10:416.
TaiJ, LiuW, LiY, LiL, Holscher C. Neuroprotective effects of a triple
GLP-1/GIP/glucagon receptor agonist in the APP/PS1 transgenic
mouse model of Alzheimer's disease. Brain Res. 2018;1678:64-74.
Wu P, Zhao Y, Zhuang X, Sun A, Zhang Y, Ni Y. Low glucagon-like
peptide-1 (GLP-1) concentration in serum is indicative of mild cog-
nitive impairment in type 2 diabetes patients. Clin Neurol Neurosurg.
2018;174:203-206.

Franz CM, Huch M, Abriouel H, Holzapfel W, Galvez A. Enterococci
as probiotics and their implications in food safety. Int J Food
Microbiol. 2011;151:125-140.

Milla C, Eveling Y, Maximiliano H, Rosa C. Efecto del consumo de inulina
de achicoria (Cichorium intybus) sobre los niveles de glucosa y malonalde-
hido (MDA) en suero de ratas inducidas a Diabetes Mellitus Tipo Il con es-
treptozotocina. Repositorio de Tesis Universidad Peruana Unién; 2017.
Svensson M, Hallin T, Broms J, Ekstrand J, Tingstrom A. Spatial
memory impairment in Morris water maze after electroconvulsive
seizures. Acta Neuropsychiatr. 2017;29:17-26.

Vorhees CV, Williams MT. Assessing spatial learning and memory in
rodents. ILAR J. 2014;55:310-332.

Hagihara H, Toyama K, Yamasaki N, Miyakawa T. Dissection of hip-
pocampal dentate gyrus from adult mouse. J Vis Exp. 2009;33:1543.
Laing KR, Mitchell D, Wersching H, Czira ME, Berger K, Baune BT.
Brain-derived neurotrophic factor (BDNF) gene: a gender-specific
role in cognitive function during normal cognitive aging of the
MEMO-Study? Age (Dordr). 2012;34:1011-1022.

Holscher C. Novel dual GLP-1/GIP receptor agonists show neuro-
protective effects in Alzheimer's and Parkinson's disease models.
Neuropharmacology. 2018;136:251-259.

29.

30.

31.

32.

33.

34.

Diz-Chaves Y, Herrera-Perez S, Gonzalez-Matias LC, Mallo F.
Effects of glucagon-like peptide 1 (GLP-1) analogs in the hippocam-
pus. Vitam Horm. 2022;118:457-478.

Zhang W, Zhao L, Zhang J, Li P, Lv Z. Metformin improves cog-
nitive impairment in diabetic mice induced by a combination of
streptozotocin and isoflurane anesthesia. Bioengineered. 2021;12:
10982-10993.

Peshev D, Van den Ende W. Fructans: prebiotics and immunomod-
ulators. J Funct Foods. 2014;8:348-357.

Bambah-Mukku D, Travaglia A, Chen DY, Pollonini G, Alberini
CM. A positive autoregulatory BDNF feedback loop via C/
EBPbeta mediates hippocampal memory consolidation. J Neurosci.
2014;34:12547-12559.

Singh A, Zapata RC, Pezeshki A, Reidelberger RD, Chelikani PK.
Inulin fiber dose-dependently modulates energy balance, glucose
tolerance, gut microbiota, hormones and diet preference in high-
fat-fed male rats. J Nutr Biochem. 2018;59:142-152.

Reimer RA, Russell JC. Glucose tolerance, lipids, and GLP-1 secre-
tion in JCR:LA-cp rats fed a high protein fiber diet. Obesity (Silver
Spring). 2008;16:40-46.

How to cite this article: Servin-Casas GA, Romo-Araiza A,
Gutierrez-Salmean G, et al. Memory improvement in senile
rats after prebiotic and probiotic supplementation is not
induced by GLP-1. CNS Neurosci Ther. 2022;28:1986-1992.
doi: 10.1111/cns.13951


https://doi.org/10.1111/cns.13951

	Memory improvement in senile rats after prebiotic and probiotic supplementation is not induced by GLP-­1
	Abstract
	1|INTRODUCTION
	2|METHODOLOGY
	2.1|Experimental design
	2.2|Care of the animals
	2.3|Morris water maze test
	2.4|GLP-­1 determination
	2.5|Ethical considerations
	2.6|Statistical analysis

	3|RESULTS
	3.1|Spatial memory
	3.2|GLP-­1 concentration

	4|DISCUSSION
	5|CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	REFERENCES


