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Abstract

Ketogenic diets (KD) have become popular diet to lose weight. Howevdthe effect of such diets on brain function has
not yet been clarified. Thus, we aimed to study the effects of KD on the neurogenesis and apoptosis in the dentate
gyrus by assessing the expression of Ki-67 and Caspase-3. Rats (n = 24) were divided into four groups: control (normal
diet), ketogenic diet (KD), time-restricted diet (TRD), and the combination of high-fat and t{§ffi§-restricted diet (CD)
groups. The expression of Ki-67 in IBTRD and CD groups was higher compared to others (P<0.05), whereas no such
difference was observed in the KD group. The number of Capase-3-positive cells decreased significantly in the TRD
group (P<0.05), but such decrease was not observed in the CD group. These results indicate that, although KD could
be effective in reducing the body weight, possible adverse effect in the brain cannot be ignored.
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Background

Obesity is the accumulation of abnormal or excessive fat
that may cause adverse outcomes. Management of obe-
sity consists of interventions through diet and exercise
[1]. One of the effective dietary interventions to treat
obesity may be energy-restricted diet which contains
fat as a main energy source. The most popular such diet
is ketogenic diet (KD). KD is a diet that uses high fat as
an energy source and reduces carbohydrate and protein
constitutions. KD has been shown to reduce body mass
index (BMI) and weight in obese patients [2]. Thus, KD
has been considered one of the most effective methods
to treat obese patients, although the precise mechanism
has not yet been fully clarified. On the other hand, KD
causes ketosis and reduced glucose supply to the brain,
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which mainly uses glucose as an energy supply. Thus, KD
may alter the metabolism in the brain.

In spite of the fact that KD may be beneficial in los-
ing weight, consumption of fat has been considered as
a potential cause of cardiovascular diseases, although
saturated fat has no significant effect to increase the car-
diovascular disease [3]. In the brain, on the other hand,
the cognitive function could be influenced by high-fat or
sugar diets [4]. Furthermore, impaired adult neurogen-
esis may cause various abnormalities, such as declined
cognitive functions and obesity [5]. Thus, we hypoth-
esized that KD may also alter the cognitive function
through altering the neurogenesis. Among brain areas
showing neurogenesis throughout the life, we focused
on the dentate gyrus of the hippocampus, which plays a
critical role in controlling the cognitive functions [6]. In
fact, a previous study showed that KD disrupts the neu-
rogenesis [7]. In addition to altered neurogenesis, con-
sumption of high fat for the long term has been thought
to cause mitochondrial oxidative stress in the brain [8].
Increased mitochondrial stress may activate the pathway
to induce apoptosis [9]. A previous study has shown that
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KD disrupts mitochondrial function and activates apop-
tosis in the hippocampus [10]. In spite of these findings,
the effect of KD on brain function is controversial. While
one study showed that rat fed with KD containing 42%
of fat by energy with reduced carbohydrate impaired hip-
pocampal neurogenesis [11], other study showed that
such diet did not inhibit it [12]. Other study also showed
that KD has a protective effect on kainic acid-induced cell
death in the mouse hippocampus [13]. However, whether
such diet affects the turnover of hippocampal neuron has
not yet been clarified.

In the present study, we aimed to examine the effect of
KD on cellular turnover in the dentate gyrus of the rat
hippocampus. We also examined the combined effect
with time-restricted diet (TRD), which is known to have
beneficial effect in losing weight in humans [14] and rats
[15], partly by reducing the amount of food intake [16].
TRD also prevents oxidative stress and memory impair-
ments in the rat hippocampus [17]. Thus, we hypothe-
sized that combination of KD with TRD may cause more
beneficial effects in losing weight, accelerating neuronal
turnover, and, if any, suppressing adverse effect of KD.

Cell apoptosis can be assessed by various methods.
Among such methods, Caspase-3 is necessary for DNA
fragmentation and morphological hanges related to
apoptosis [18]. On the other hand, Ki-67 is an excellent
marker for determining cellular proliferation. The Ki-67
protein presents in the cells during all active phases of
the cell cycle (G1, S, G2, and mitosis), but is absent in
resting cells (GO) [19]. Thus, v@tudied the effects of the
KD on the neuronal turnover in the dentate gyrus of the
male Wistar rats with immunohistochemistry staining by
using anti-Ki-67 and anti-caspase-3 antibodies.

Methods

Animals

Male Wistar rats (3 weeks old) weighing 60-70 g were
purchased from Animal Laboratory, Biomedical Pro-
gram, Faculty of Medicine, Universitas Sriwijaya (n = 24).

Table 1 Diet methods
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They were housed under controlled temperature (22 °C)
and illumination (12 h light/dark cycle: light on 6:00).
Food and water were available ad libitum until the onset
of the experiment. When we started the experiment,
rats were divided into four groups (six rats/group): con-
trol, ketogenic diet (KD), time-restricted diet (TRD), and
combination of ketogenic diet and time-restricted diet
(@) groups.

Animal experiments were performed according to the
guidelines for the design and statistical analysis of experi-
ments using laboratory animals after being approved by
The Health Research Ethics Committee of the Faculty of
Medicine, Universitas Sriwijaya, protocol number: 289/
kepk/fkunsri/2019.

Dietary methods

a"ter the habituation of animals for 14 days, we started
the experiment. All animals had free access to water
throughout the experiment. The control group con-
sumed standard pellets derived from Rat Bio 22/BR II,
produced by PT. Japfa Comfeed Sidoarjo®, Indonesia. It
consisted of 56% carbohydrate, 23.5% protein, 6.5% of fat,
and 14% of others (1620 kcal/kg). KD group consumed
high-fat nutrition, which consisted of 4.9% carbohydrate,
48.7% protein, and 46.35% fat (2195 keal/kg). KD, which
was processed in our institution, was made of egg yolks
and chicken liver. TRD had freely access to the stand-
ard pellets for 8 h per day (12:00 to 20:00). Fasting time
was determined according to a previous study [16]. CD
group consumed KD for 8 h per day (12:00 to 20:00). The
intervention was continued for 3 weeks. Daily food con-
sumption was monitored and food intake information
was analyzed with Nutrisurvey software to measure the
intake of energy and nutrients. Diet methods are pre-
sented in Table 1.

Ketone analysis
Before intervention and termination of the intervention
(3 weeks after the onset of intervention), blood samples

Group Control KD TRD D
Feeding method Ad libitum Ad libitum Ad libitum Ad libitum
Feeding time Mo restriction Mo restriction Restricted to 8 h (20:00- Restricted to
12:00; 8 h (20:00-
12:00
Provided food Regular pellet Ketogenic diet Regular pellet Ketogenic diet

2548
405413

Food consumption (g/rat/day)
Food consumption (kcal/rat/day)

27410
50,6201 I*

1948
308413%

1949
41.74£187

Shown are mean+ 50. One-way ANOVA test for diet volume: [F(3,20) =4.195; P<0.05], *Bonferroni post hoc test: significant difference only between TRD vs. KD

groups
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to measure ketone levels were collected from lateral tail
vein. Rats were placed in a comfortable and unstressed
position, and the blood was taken by making a small inci-
sion to the lateral tail vein using a razor blade. A drop of
blood was placed on the Abbot Freestyle Optium Neo®
ketone meter (Abbot Indonesia, Jakarta, Indonesia).

Brain tissue sampling

After the blood sampling, rats were sacrificed by cervical
dislocation in the afternoon (between 15:00 and 17:00).
Brain was taken, then fixed in 10% formalin, and embed-
ded in paraffin. The block was then sectioned (3-4 pm
thick) with a microtome, mounted on a glass slides,
deparaffinized, and used for histological analysis.

Immunohistochemistry

After deparaffinization, endogenous peroxidase was
blocked by immersing in 0.5% H,0, solution in metha-
nol for 30 min, and then washed with running water for
5 min. Slides were immersed in Target Retrieval Solution
(TRS) and heated in a microwave (100 W) until it boils,
followed by a second heating using a lower power (10 W
power level 1) for 5 min. Then they were left at room
temperature until it cools down (about 5 min). Then the
slides were washed with phosphate-buffered saline (PBS,
pH 7.2-7.4) 3 times, each for 5 min.

The sections were circled with a PAP pen, dropped
with a background sniper (ScyTek, Logan, Utah, USA),
and incubated for 15 min. The tissue was incubated for
one hour with rabbit anti-Ki-67 antibody (ready to use;
ScyTek) and the other slide with rabbit anti-Caspase-3
antibody (ready to use, Bioss, Woburn, MA, USA) in the
humidity chamber at room temperare; afterward, the
slides were washed in PBS solution pH 7.2-7.4 3 times,
each for 5 min. Slide was dripped with Ultra Tek HRP
Blk, left for 20 min, and then washed in PBS solution
pH 7.2-7.4 3 times, each for 5 min. Next, the slide was
dripped with the Avidin Trek solution (HRP enzyme)-
conjugated streptavidin 4B}l left for 20 min and then
washed in PBS solution pH 7.2-7.4 3 times, each for
5 min. The tissue was then dripped with 1 ml substrate
Betazid DAB buffer with 1 drop DAB Betazid chromo-
gen (BiocareMedical, USA), and left for 2-10 min while
being seen under a microscope until it turns brown and
then rinsing in running water. Then the preparation
was dipped in a solution of Mayer’s Hematoxylin for
1-2 min for counterstaining, and then washed in run-
ning water for 10 min. The slides were dipped with 5%
saturated lithium carbonate (LiCO;) solution immersed
in aquadest 2-3 times and washed in running water.
Then sections were dehydrated in multilevel alcohol
(96% alcohol for 5 min, then 100% alcohol 2 times, each
for 5 min) followed by a clearing process in xylol 2 times,
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each for 5 min, dropped with mounting medium, and
coverslipped.

Quantitative analysis

Image] software was used to calculate the expression
of Ki-67 and Caspase-3 in the dentate gyrus of the hip-
pocampus. Each cell was traced and counted, started
from dorsal to ventral. To avoid counting non-specific
staining, the positive staining of the two antibodies was
counted in the cells with intermediate and strong inten-
sity. The label of each slide was masked so that examiner
cannot discriminate the groups of each slide. All region
was identified with 10 x magnification. Then, regions
of interest (ROI) were captured at higher magnification
(40 %) to calculate the total number of nuclei/cells and
the number of positive nuclei expressing Ki-67 or Cas-
pase-3. The results were counted by percentage of posi-
tive nuclei/cells divided by total number of nuclei/cells.
The final counts were determined from average calcula-
tion of 3 examiners.

Statistical analysis

A one-way ANOVA test was used to analyze differences
in Ki-67 and Caspase-3 levels of the four groups of rats,
and an ANCOVA test was used to analyze body weight
and blood ketone levels, as all of the numeric data exhib-
ited normality and homogeneity in the variance with
P>0.05. For post hoc analyses, a Bonferroni test was (gkd
to assess the degree of difference among each group. The
data analysis was performed in SPSS version 13.0 for
Windows.

Results

Animal body weight

The effect of intervention of diet on body weight is illus-
trated in Fig. 1. Approximately 30% weight gain was
observed 3 weeks after the intervention in the control
groups. Such increase was not observed in the KD group
(P<0.01, vs. Control, by Bonferroni test), although the
amount of food consumption is not different from those
of the control group (Table 1). The weight gain was also
significantly lower in the TRD group (P<0.05, vs. Con-
trol, by Bonferroni test). No weight gain was observed
by the combination of KD and TRD in the CD group
(P<0.05, vs. Control, by Bonferroni test). These results
indicate that both KD and TRD are effective in inhibiting
body weight gain.

Blood ketone levels

The effects of intervention of diet on changes in blood
ketone levels are illustrated in Fig. 2.[f[le KD group
showed an increase in the blood ketone levels compared
to the control group (P<0.01), whereas such increase was
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Fig. 1 The effects of diet on body weight. Shown are mean £ 50. An
ANCOVA test shows statistically significant [F(3,20) = 5.64; P=0.006].
Significant differences among groups derived Bonferroni

post hoc tests are shown. * and *: P< 001 and P<0.05 vs. contral,
respectively. a: P< 005 vs. ketogenic diet. b: P<0.05 vs. time-restricted
diet. Mote that no statistical difference was observed between
ketogenic diet and combine diet groups

*%

a OControl

OKetogenic Diet

8 Time Restricted Diet
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Blood Ketene Level (mmolfL)

Before After
Fig. 2 The effects of diet on blood ketone level. Shown are
mean £ 50. An AMCOVA test shows statistically significant
[F(3,20) = 5.64; P = 0.006]. Significant differences among groups
deria from Bonferroni post hoc tests are shown. ** and *: P <0.01
and P<0.05 vs. contral, respectively. a: P<0.05 vs. ketogenic diet. b:
P< 005 vs. time-restricted diet. Note that no statistical difference was

observed between ketogenic diet and combine diet groups

not observed in the TRD group. However, TRD did not
normalize the increase in ketone level induced by KD as
shown in the CD group (P<0.05 vs. Control).

The change in neurogenesis in the dentate gyrus

Ki-67 level was used to measure the neurogenesis in the
dentate gyrus of the hippocampus (Fig. 3). Ki-67 immu-
noreactive cells were distributed in the dentate gyrus with
different densities among groups. The change in Ki-67's
expression was assessed by calculating the percentage
of positive nuclei in dentate gyrus. While no difference
in the expression levdfj of Ki-67 was observed between
the control and KD group (P>0.05), TRD showed an
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14
increase in the expression (50.05 vs. Control) (Fig. 4).
Such increase was also seen in the CD group (P<0.05 vs.
Control), indicating that KD did not affect TRD-activated
neurogenesis.

Alteration of apoptosis in the dentate gyrus

Apoptotic activity was detected by Caspase-3 staining
(Fig. 5). Caspase-3-positive cells were mainly located
in the subgranular zone of the dentate gyrus. As shown
in Fig. 6, the KD did not alter the number of Capase-
3-positive cells in thisEpgion (P>0.05). However, TRD
signififfiitly decreases the number of Capase-3-positive
cells (P<0.05). No significant difference was observed
between the CD [E}d control groups, although CD group
showed a higher number of Capase-3-positive cells com-
pared with those of TRD group (P <0.05). These results
indicate that the decrease in apoptosis induced by TRD
was cancelled by KD.

Discussion

In this study, we have compared for the first time &
effect of KD, TRD, and their combination altogether on
neurogenesis and apoptosis in the dentate gyrus of t§E)
hippocampus. We have shown that the neurogenesis in
the dentate gyrus measured by the expression of Ki-67
increased in the TRD and CD group@Jwhereas such dif-
ference was not observed in the KD group. The number
of Capase-3-positive cells decreased significantly in the
TRD group, whereas such decrease was not observed in
the KD and CD groups, indicating that apoptosis was
inhibited by TRD, but not by KD or CD. These results
indicate that, although KD did not alter the neurogenesis
and apoptosis in the dentate gyrus, it did not decrease
the apoptosis seen in the TRD group. Furthermore, com-
bination of TRD and KD eliminated the effect of TRD
to decrease apoptotic cells. In addition, KD induced an
increase in blood ketone level, which was not decreased
by the combination of KD and TRD. Taken together,
although KD could be effective in reducing the body
weight, possible adverse effect in the brain cannot be
fully ignored.

We have shown that KD, TRD, and CD groups were
able to hold the weight compared to the control group.
This result is consistent with a previous study in 8-week-
old male mice showing a significant decrease in body
weight after 5 weeks of treatment with a high fat and
calorie restricted [20]. In our study, on the other hand,
we started the experiment when rats were 5 weeks old,
which were still in the stage of the growth and develop-
ment. Thus, dietary intervention may have affected more
greatly in their increase in body weight.

The diet implemented in the KD program mainly is a
high-fat food with reduced amount of carbohydrates.
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(a) and KD (b) groups
.

Fig. 3 Immunohistochemistry of Ki-67 in the dentate gyrus. Upper panels show the localization of the region shown in the lower panel. Nuclei with
KI-67-paositive were mainly detected in the subgranular zone (SGZ) of the dentate gyrus, which is shown in the lower panel of d. Brown nuclear stain
highlights KI-7-positive cells. The Ki-67-positive nuclei were seen more in the TRD (€) and CD (d) groups, and the cells were less seen in the control
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Control Ketogenic Diet Time Combine Diet

Restricted Diej
Fig. 4 Percentage of positivﬂclei expressing Ki-67 in the dentate
gyrus of the hippocampaf\ one-way ANOVA test shows a significant
treatment effect in Ki 67 expression levels [F(3,20) =m86_: P<005].
Significant differences among groups derived from Bonferroni post
hoc tests are shown. *: P<0.05 vs. Control. a: P<0.05 vs. ketogenic
diet. There was no significant differences between control and
ketogenic diet groups, and time-restricted diet and combine diet
groups

The breakdown of fat deposits in adipose tissue due to an
imbalance of calories in the body, causing lipolysis, and
weight loss (holding the rate of body weight compared
to control) [21]. KD with this diet method, the body's
energy source comes only from fat in the form of ketone
bodies produced by liver cells [20]. A high-fat, low-car-
bohydrate diet can help control appetite and can increase
the oxidative metabolism of fat which can cause weight
loss [22]. KD used in the present study was also effective
in suppressing the increase in body weight of the male
rat, even though the calorie/kg pellet is higher than that

. J

of regular pellet. Furthermore, it should be noted that
KD in the present study was more effective than TRD in
reducing weight. In TRD group, food restriction was per-
formed from 20:00 to 12:00 to mimic medical examina-
tions of humans [16]. This time schedule may also mimic
the feeding pattern during Ramadan of Muslims who
do not eat during daytime. Taken together, our experi-
ment could mimic the dietary intervention for humans,
particularly for Muslims, and thus can be a useful model
study to examine the effect of KD and/or combination of
KD and TRD on various organ functions, including the
brain.

In the present study, we found that blood ketone levels
in the KD and CD were higher than those in the control
group, although the ketone levels of the KD group did
not exceed those in a previous study [23]. It is well known
that the KD increases blood ketone levels compared
to the normal diet, although the level does not reach to
the metabolic ketoacidosis level [22]. The increase in
blood ketones occurs as a result of shifting energy source
from carbohydrates to fat, increasing the synthesis of
ketone bodies as an alternative energy [24]. At present,
there are no data regarding the maximum tolerance lev-
els of ketones in rat. In humans, blood ketone levels in a
healthy state during physiological ketosis do not exceed
8 mmol/L, because the brain can efficiently utilize ketone
bodies to replace glucose [22]. However, although the
ketone level is not as high as those during ketoacidosis,
whether relatively high levels of ketones affect the brain
function is not known. Inffhe present study, we did not
observe any difference in neurogenesis and apoptosis in
the dentate gyrus between the control and KD groups,
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Fig. 5 Immunohistochemistry of Caspase-3 in the dentate gyrus. U pper panels show the localization of the regions shown in the lower panel. The
Caspase-3-positive cells were less seen in TRD (€) group compared to contral (@) group. The Caspase-3-positive cells were mare seen in KD () and
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Fig. 6 Percentage of positive cells expressing Caspase-3 in the
dentate gyrus of the hippocampus. A one-way ANOVA test shows a
significant treatment effect in Caspase-3 expression [F(3,20)=6.616;
éuﬁﬁ]. Significant differences between groups derived from
Bonferroni post hoc are shown, *: P < 005 vs. control. a: P< 005 vs.
ketogenic diet. b: P <0.05 vs. time-restricted diet. The percentage of
positive cells was significantly lower inthe TRD group than those in

chine Diet

other groups
A

indicating that increased ketone level may have little
effect on such processes. However, because we did not
examine the cognitive function of our animal model, pos-
sibility of impaired neuronal plasticity in the hippocam-
pus cannot be ignored. Further study may be required to
study the effect of KD on the hippocampal function.
TRD-induced decrease in apoptosis was eliminated
by KD. TRD is also well-recognized dietary interven-
tion [3] and known to prevent oxidative stress and
memory impairments in the rat hippocampus [17].
Although the effect of TRD on apoptosis in the dentate

gyrus has not been reported, caloric restriction can
decrease apoptosis by inhibiting of TRPV1 channel
[25]. Thus, TRD-induced caloric restriction seen in the
present study may have induced a decrease in apopto-
sis. TRD also induces transcription factors to express
brain-derived neurotrophic factor (BDNF) [23], which
plays a critical role on neuronal plasticity [26]. TRD
also increases B-hydroxybutyrate (BHB) in the astro-
cyte [27]. BHB was re-utilized in mitochondrial biogen-
esis and synaptic plasticity [23]. Thus, the elimination
of the decrease in apoptosis by TRD by KD may indi-
cate that the increase in ketone levels may affect the
brain function by altering such processes. Further-
more, KD may affect not only TRD-induced alteration
of brain function but also other stimulations from the
environment. Further study may be also required to
examine the effect of KD on various stimulations from
the environment.

Conclusion

Ketogenic diet was effective to suppress the increase in
the body weight in male rat. However, it elevated blood
ketone levels. AlffERgh this intervention did not affect
the neurogenesis in the dentate gyrus of the hippocam-
pus, it suppressed the decreased apoptosis induced by
time-restricted diet, which is known to be beneficial
to brain function. Although the evident adverse effect
of ketogenic diet on brain function has not yet been
reported, the extreme high-fat with low-calorie diet
may better to be avoided.




Irfannuddin et al. J Physiol Sci (2021)71:3

Abbreviations

BMI: Body mass index; DNA: Decxyribonucleic acid; H202: Hydrogen peroxide;
TRS: Target retrieval solution; PBS: Phosphate-bufferad saline; LICO;: Lithium
carbonate; BONF: Brain-derived neurotrophic factor.

Acknowledgements

The authors would like to thank to Dr. Wardiansyah and Mr. Parman (Labora-
tory of Animal House, Faculty of Medicine, Universitas Sriwijaya) and Ms. Sri
[Department of Patology Anatomy, Moehammad Hoesin General Hospital) for
technical assistances.

Author contributions

Il'was in charge of proposing the grant. land SFPS were in charge of concep-

tion, experimental design, and data interpretation. 1, SFPS, KM, and BS were in
e of experimental procedure, data collection, and data analysis. All the

authers edited and revised the manuscript. All the authors read and approved

the final manuscript.

Funding
This studywas supperted by Competitive Grant of Faculty of Medicine, Uni-
versitas Sriwijaya, Indonesia.

Availability of data and materials
The corresponding author has data that support the findings of this study.
Data available upon reasonable reguest.

Ethics approval and consent to participate

This studywas approved by The Health Research Ethics Committee of the
Faculty of Medicine, Universitas Sriwijaya, Indonesia, protocol number: 289/
ke pk/fkunsri/2019.

Consent for publication
Net applicable.

Competing interests
There is no competing interest to disclose.

Author details

! Department of Physiclogy, Faculty of Medicine, Universitas Sriwijaya, Gedung
FK Unsri, Jalan Dr. M. Al Ko plek RSMH, Palembang 30126, Indenesia.

< Department of Integrative Physiology, Gunma University Graduate School

of Medicine, Maebashi, Gunma 371-8511, Japan.

Received: 19 October 2020 Accepted: 10 December 2020
Published online: 19 January 2021

References

1. World Health Organization (2020) Obesity and overweight. https://
wwwwhoint/news-room/fact-sheets/detail/obesity-and-overweight.
Accessed 2 Apr 2020

2. Dashti HM, Mathew TC, Hussein T, Asfar SK, Behbahani A, Khoursheed
WA, Al-Sayer HM, Bo-Abbas YY, Al-Zaid NS (2004) Long-term effects of a
ketogenic diet in obese patients. Exp Clin Cardiol 9:200-205

3. Swendsen K, Arnesen E, Retterstel K (2017) Saturated fat-a never ending
story? Food Mutral:1-4

4. Beilharz JE, Maniam J, Morris M) (2015) Diet-induced cognitive deficits:
the rele of fat and sugar, potential mechanisms and nutritional interven-
tions. Mutrients 7:6719-6738

5. Heberden C(2016) Modulating adult neurogenesis through dietary
interventions. Mutr Res Rey 29:163-171

6. Aimone JB, LiY, Lee SW, Clemenson GD, Deng W, Gage FH (2014) Regula-
tion and function of adult neurogenesis: from genes to cognition. Physiol
Rew 94:991-1026

7. Park HR, Park M, Chai J, Park KY, Chung HY, Lee 1(2010) A high-fat diet
impairs neurogenasis: involvement of lipid percxidation and brain-
derived neurctrophic factor. Neurosci Lett 482:235-239

Page 7 of 7

8. Balasse EQ, Féry F (1989) Ketone body production and disposal: effects of
fasting, diabetes, and exercise. Diabetes Metab Rev 5:247-270

9. Elmore S (2007) Apoptosis: a review of programmed cell death. Toxicol
Pathol 35:495-516

10. Park HS, Cho HS, Kim TW (2018) Physical exercise promotes memaory
capability by enhancing hippocampal mitochondrial functions and
inhibiting a poptosis in obesity-inducad insulin resistance by high fat diet.
Metab Brain Dis 33:283-292

11, Lindgvist A, Mohapel P, Bouter B, Frielingsdorf H, Pizzo D, Brundin F,
Erlanson-Albertsson C (2006) High-fat diet im pairs hippocam pal neurc-
genesis in male rats. Eur J Neurol 13:1385-1388

12, Strandberg J, Kondziella D, Thorlin T, Asztely F (2008) Ketogenic diet
dees not disturb neurogenasis in the dentate gyrus in rats. Neu roReport
19:1235-1237

13. Neh HS, Kim YS, Lee HP, Chung KM, Kim DW, Kang 55, Cho GJ, Choi WS
(2003) The protective effect of a ketogenic diet on kainic acid-induced
hippocampal cell death in the male ICR mice. Epilepsy Res 53:119-128

14. Rothschild J, Hoddy KK, Jambazian P Varady KA (2014) Time-restricted
feeding and risk of metabolic disease: a review of human and animal
studies. Mutr Rev 72:308-318

15. Olsen MK, Choi MH, Kulseng B, Zhao CM, Chen D (2017) Time-restricted
feeding on weekdays restricts weight gain: a study using rat models of
high-fat diet-induced obesity. Physiol Behav 173:298-304

16. lkeda |, Metoki K, Yamahira T, Kato M, Inoue N, Magao K, Yanagita T,
Shirakawa H, Kornai M (2014) Impact of fasting time on hepatic lipid
metabolism in nutritional animal studies. Biosci Bictechnol Biochem
TE1584-1591

17. HuY,Yang Y, Zhang M, Deng M, Zhang JJ (2017) Intermittent fasting
pretreatment prevents cognitive impairment in a rat model of chrenic
cerebral hypoperfusion. J Nutr 147:1437-1445

18. Janicke RU, Sprengart ML, Wati MR, Porter AG (1998) Caspase-3 is
required for DNA fragmentation and morphelogical changes associated
with apoptesis. ) Biol Chem 273:9357-9360

19. Tan-Shalaby J (2017) Ketogenic diets and cancer: emerging evidence. Fed
Pract 34:375-425

20. Kennedy AR, Pissios P, Otu H, Roberson R, Xue B, Asakura K, Furukawa M,
Marino FE, Liu FF, Kahn BB, Libermann TA, Maratos-Flier E (2007) Ahigh-
fat, ketegenic diet induces a unigue metabolic state in mice. Am J Physio
Endocrinol Metab 202:E1724-E1739

21, Saponare C, Gaggini M, Carli F Gastaldelli A (2015) The subtle balance
between lipolysis and lipogenesis: a critical point in metabolic homeosta-
sis. Mutrients 7:9453-94 74

22. Paocli A (2014) Ketogenic diet for obesity: friend or foe? Int J Environ Res
11:2092-2107

23. Mattson MP, Moehl K, Ghena N, Schmaedick M, Cheng A (2018) Intermit-
tent metabolic switching, neuroplasticity and brain health. Nat Rev
Meurosci 19:63-80

24. Laffel L (1999) Ketone bodies: a review of physiclogy, pathophysiclogy
and application of menitoring to diabetes. Diabetes Metab Res Rev
15412426

25. Giltekin F, Naziroglu M, Savas HB, Cig B (2018) Calorie restriction protects
against apoptosis, mitechondrial oxidative stress and increased calcium
signaling through inhibition of TRPYT channelin the hippocampus and
deorsal root ganglion of rats. Metab Brain Dis 33:1761-1774

26. Leal G, Bramham CR, Duarte CB (2017) BDNF and hippocampal syna ptic
plasticity. Vitarm Horm 104:153-195

27. VWaldebenito R, Ruminot |, Garrido-Gerter P Fernandez-Moncada |, Forero-
Quintero L, Alagria K, Becker HM, Deitmer JW, Barros LF (2016) Targeting
of astrocytic glucose metabolism by beta-hydroxybutyrate. ) Cereb Blood
Flow Metab 36:1813-1822

Publisher’s Note
Springer Mature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.




The_efect_of_ketogenic_diets.pdf

ORIGINALITY REPORT

12, o 126w

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

ann-clinmicrob.biomedcentral.com

Internet Source

3%

Magnus Kringstad Olsen, Man Hung Choi,
Bard Kulseng, Chun-Mei Zhao, Duan Chen.
"Time-restricted feeding on weekdays
restricts weight gain: A study using rat models
of high-fat diet-induced obesity", Physiology &
Behavior, 2017

Publication

T

Zhigang Wu, Hongwei Wang, Fubiao Ni, Xuan
Jiang et al. "Islet transplantation improved
penile tissue fibrosis in a rat model of type 1
diabetes", BMC Endocrine Disorders, 2018

Publication

T

-~

www.frontiersin.org

Internet Source

T

o

assets.resea rchsqua re.com

Internet Source

T

Shahidul Islam, Kazuaki Yoshioka, Sho Aki,
Kazuhiro Ishimaru, Hiroki Yamada, Noriko

T



Takuwa, Yoh Takuwa. "Class I
phosphatidylinositol 3-kinase a and 3
isoforms are required for vascular smooth
muscle Rho activation, contraction and blood
pressure regulation in mice", The Journal of
Physiological Sciences, 2020

Publication

Anjali Chawla, Zachary A. Cordner, Gretha
Boersma, Timothy H. Moran. "Cognitive
impairment and gene expression alterations
in a rodent model of binge eating disorder”,
Physiology & Behavior, 2017

Publication

1o

Mark P. Mattson, Keelin Moehl, Nathaniel
Ghena, Maggie Schmaedick, Aiwu Cheng.
"Intermittent metabolic switching,
neuroplasticity and brain health", Nature
Reviews Neuroscience, 2018

Publication

T

aacijournal.biomedcentral.com

Internet Source

%

—
)

downloads.hindawi.com

Internet Source

%

—_—
—

Hanako Ohke, Toshiya Sato, Kohei Mito,
Makoto Terumitsu, Hisayoshi Ishii. "Effect of
the parasympathetic vasodilation on
temperature regulation via trigeminal

afferents in the orofacial area", The Journal of

T



Physiological Sciences, 2020

Publication

eprints.whiterose.ac.uk

Internet Source

T

WWW.eneuro.org

Internet Source

(K

CcOra.ucc.le

Internet Source

T

Exclude quotes On Exclude matches <1%

Exclude bibliography On



