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Abstract:

INTRODUCTION: Different types of diseases have been treated by restricted caloric intake or
fasting. Although during this long time, fasting protective measures, for example, supplements, are
given to the patients to protect vital organs such as the liver and kidney, little attention is given to
the brain. The current research aims to investigate hypoglycemia due to prolonged fasting disrupts
blood—brain barrier (BBB) in mice.

MATERIALS AND METHODS: Immunohistochemistry (IHC) and in situ hybridization (ISH) techniques
were used to examine the expression of different genes. Evans blue extravasation and wet-dry
technique were performed to evaluate the integrity of BBB and the formation of brain edema,
respectively.

RESULTS: We confirmed that hypoglycemia affected mice fasting brain by examining the increased
expression of glucose transporter protein 1 and hyperphosphorylation of tau protein. We subsequently
found downregulated expression of some genes, which are involved in maintaining BBB such as
vascular endothelial growth factor (VEGF) in astrocytes and claudin-5 (a vital component of BBB) and
VEGF receptor (VEGFRT1) in endothelial cells by ISH. We also found that prolonged fasting caused
the brain endothelial cells to express lipocalin-2, an inflammatory marker of brain endothelial cells.
We performed Evans blue extravasation to show more dye was retained in the brain of fasted mice
than in control mice as a result of BBB disruption. Finally, wet—dry method showed that the brain of
prolonged fasted mice contained significantly higher amount of water confirming the formation of brain
edema. Therefore, special attention should be given to the brain during treatment with prolonged
fasting for various diseases.

CONCLUSIONS: Our results demonstrated that hypoglycemia due to prolonged fasting disrupts
BBB and produces brain edema in wild-type mice, highlighting the importance of brain health during
treatment with prolonged fasting.
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fasting was considered beneficial for some
diseases such as IBS. In a study, a group of

Introduction

ifferent types of diseases have been

treated by restricted caloric intake or
fasting, for example, rheumatoid arthritis,"
obesity,*? type-2 diabetes,” schizophrenia,!
various neurological diseases, ! prevention
and treatment of cancer,® and irritable bowel
syndrome (IBS).”! Moreover, continuous
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people suffering from IBS were treated with
pharmacotherapy and psychotherapy with
a period of 10 consecutive days of fasting
therapy (FT). Although, nowadays, prolonged
fasting is not a suggestive therapy for IBS, the
results showed that FT has beneficial effects
on intractable patients with IBS."

Blood-brain barrier (BBB) is the protective
barrier around the brain which separates the
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circulating blood from the extracellular fluid of the brain.
This barrier is often compromised in different conditions
such as neurodegenerative diseases, stroke, epilepsy,
diabetes, traumatic brain injury, and many others.
Since glucose is the main energy-providing molecule for
normal brain activity, it is a life-threatening condition,
in which blood glucose can drop to levels that jeopardize
brain functions.["”! Several decades ago, it had been
reported that hypoglycemia causes disruption of BBB
in insulin-induced hypoglycemic animals'! as well as
electrically induced seizure in hypoglycemic rats.!'

Brain astrocytes play the most vital roles in brain energy
delivery, production, utilization, and storage.!® When
neuronal activity is increased, and the energy demand
exceeds supply during acute hypoglycemia, astrocyte
glycogen is converted to lactate through glucose, which
is transported to the neurons ensuring proper functions
of the brain."! Therefore, sustained low serum glucose
levels will affect astrocytic metabolism and interfere
with its function to maintain the BBB integrity.'>"7]
Maintenance of BBB is accomplished by different
secreted molecules from astrocytes such as vascular
endothelial growth factor (VEGF), sonic hedgehog (Shh),
angiopoietin 1 and 2, and many others whose receptors
are expressed in the vascular endothelial cells."” Proper
balance of these astrocytic secreted proteins is essential
to maintain BBB. For example, lack of the Shh signaling
compromises BBB integrity!"® and excessive secretion
of VEGF from reactive astrocytes disrupts BBB."”!
Sustained VEGF expression at the proper level is crucial
for the vascular homeostasis in the adult brain and other
tissues. 202!l

In the present study, we showed that prolonged
fasting (3 or 4 days) induces abnormal genes’ expression
in astrocytes (such as VEGF) and endothelial cells (such
as claudin-5, VEGFR1, and lipocalin-2 [Lcn2]) of blood
vessels in wild-type mice. Since Lcn2 is an inflammatory
stress marker expressed by endothelial cells, we checked
and found BBB disruption and edema formation in
prolonged fasting wild-type mice. Our study suggests
that necessary precautions should be taken to maintain
proper brain function before starting long-term fasting
as a treatment for other diseases.

Materials and Methods

Mice

Wild-type mice were produced in our laboratory from
inbred breeding pairs of wild-type male and female
mice. The day of birth was considered to be postnatal
day 0 (P0). Mice aged P30 and weighted 22-38 g were
taken for experiments. All the procedures were approved
by the Animal Research Committee at Jahangirnagar
University (No. BBEC, JU/M 2024/06, 116, dated on
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18.06.2024), and the Guide for the Care and Use of
Laboratory Animals of the Institute for Laboratory
Animal Research was followed.

Mice fasting

To induce hypoglycemia, wild-type mice were fasted
for a prolonged period of 3 or 4 consecutive days (3 day
fasting [3DF] or 4DF) as previously described.?! Fasting
was started at P26 or P27 or P29, and then mice were
sacrificed at P30 after 96 h or 72 h or 24 h of fasting for
4DF, 3DF, and 1DF, respectively.

Histology

Paraffin sections were used for immunohistochemistry
(IHC) and in situ hybridization (ISH). To make
paraffin sections, mice at P30 were anesthetized with
an intraperitoneal injection of a lethal dose of sodium
pentobarbital (125 mg/kg body weight) and were then
perfused transcardially with 2 ml of 0.01M PBS, followed
by 20-25 ml of 0.IM phosphate buffer containing 4%
paraformaldehyde (PFA). Brains were removed and
immersed in 4% PFA overnight, and the embedding
procedure was performed on the next day. Consecutive
10 um thick coronal sections were then cut using a rotary
microtome (HM 325; Microm).

ISH was performed on paraffin sections as previously
described.” The following mouse ISH probes were
used: Glut1 (Slc2al, Genbank accession number [GAN]:
NM_011400), Claudin-5 (Cldn5, GAN: NM_013805; a
kind gift from Dr. Mikio Furuse),*! VEGF (Vegfa, GAN:
NM_001287056.1 and NM_001287057.1), VEGFR1 (FIt-1;
GAN: D88689.1), and Lcn2 (Lcn2, 24p3, or NGAL;
GAN: NM_008491).

IHC was performed as previously described,®! using the
following antibodies and dilutions: mouse monoclonal
anti-AT-8 (Innogenetics, Belgium, 1:200), rabbit polyclonal
anti-glial fibrillary acidic protein (GFAP) (Nichirei,
Tokyo, Japan, 1:1000), rabbit monoclonal anti-von
Willebrand Factor (vWEF) (Abcam, 1:50), rabbit polyclonal
anti-Ibal (WAKO, 1:500), and peroxidase-labeled
anti-mouse or anti-rabbit IgG (Medical and Biological
Laboratories, 1:200). Transmitted light images and
fluorescent images were taken with an Olympus
BX53 microscope connected to a CCD camera (DP74;
Olympus).

Evans blue extravasation

To assess the integrity of the BBB, Evans blue extravasation
strategy was used™! with some modifications. Evans
blue dye (1% diluted in PBS; Sigma-Aldrich) was
transcardially injected, which was subsequently
transferred into the brain by the circulatory system. Then,
PBS was transcardially injected until the solution flowing
out of the right atrium became clear. After removing
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the brain, each brain was washed in PBS, weighed, and
homogenized in 1 ml of 50% trichloroacetic acid solution.
The supernatant was collected after centrifugation at
10,000 g for 10 min.”! Finally, the optical density (OD)
of the collected supernatant Evans blue solution was
measured at 620 nm spectrophotomically.

Brain edema measurement

For the assessment of brain edema, we measured the
percentage of brain water content. The percentage of
brain water content was determined using the wet-
dry method?! with minor modifications. Mice were
sacrificed by decapitation, and the brains were quickly
removed. The wet weight of each brain was measured
and recorded. The brain was then completely dried by
heating at 80°C for 48 h, after which the dry weight of
the brain was measured and recorded. The percentage
of water content (H,O%) was calculated as follows:

H,0O % =100x [(wet weight-dry weight)/wet weight]

Statistics

All data were analyzed using Microsoft Excel-based
t-tests (Microsoft, Seattle, WA, USA). The results were
presented as mean + standard error of the mean. P <0.05
was considered statistically significant.

Results

Prolonged fasting of 4 days decreases both body weight
and blood glucose level of wild-type mice. To examine
the condition of BBB in prolonged fasting, we choose
4 days (96 h) of continuous fasting!®! as a maximum level
because of ethical issues. We also examined fasting mice for
3days (72h) to compare as well as to verify results. In control
mice supplied with regular food, there was a significant
increase in body weight (at 0 h 34.78 + 1.12 g/mouse
and at 72 h 36.78 + 1.44 g/mouse; P < 0.05) after 72 h
from the time of starting fasting [Figure la], whereas
fasting for 72 h significantly decreases the body weight
of wild-type mice (at 0 h 36.08 + 1.36 g/mouse and at
72h30.85 + 0.88 g/mouse; P < 0.001) [Figure 1b]. We also
found that 96 h of fasting significantly decreases the body
weight of wild-type mice (at 0h 30.00 + 3.02 g/mouse and
at96 h 22.25 + 1.70 g/mouse; P < 0.01) [Figure 1c]. When
we compared the body weight of two different fasting
mice (72 h and 96 h), we found even 1 day more fasting
can significantly decrease (72 h 30.85 + 0.88 and 96 h
22.25 + 1.70 g/mouse; P < 0.001) the body weight (data
not shown).

Fasting reduced the blood glucose level. We measured
the fasting blood glucose level in our experimental
animals, which showed that 3 days fasting (3DF,
72 h; control 14.55 + 0.87, 3DF 9.35 + 0.46 mmol/L
per mouse; P < 0.01) as well as 4 days fasting (4DF,

Brain Circulation - Volume 10, Issue 2, April-June 2024

96 h; control 16.43 + 0.85, 4DF 5.90 + 0.88 mmol/L per
mouse; P <0.01) significantly reduced the blood glucose
level [Figure 1d and e]. Like body weight, blood glucose
level was also significantly decreased from 72 to 96 h
of fasting (3DF 9.35 = 0.46, 4DF 5.90 + 0.88 mmol/L
per mouse; P < 0.05) [Figure 1f]. These data suggested
that hypoglycemia reduced the body weight as well as
circulating blood glucose in experimental animals.

Hypoglycemia induced upregulation of glucose
transporter protein (G/uT1) and hyperphosphorylation
of tau protein in the brain of prolonged fasted mice.
The expression of GluT1 was upregulated in the brain
when there was systemic hypoglycemia.* We took
the advantage of this finding to examine that systemic
low glucose levels induced hypoglycemia in the brain of
prolonged fasted mice or not. We used ISH to observe
the expression of GluTI mRNA in the brain section
of fasted mice [Figure 2A]. The results showed, as
expected, upregulated expression of GluT1 mRNA in the
endothelial cells of BBB and in astrocytes of prolonged
fasted mice. Again, since hypoglycemia®® or starvation®”
induces tau hyperphosphorylation (p-tau) in the brain,
we checked p-tau expression in the fasted mice brain
by AT-8 immunohistochemistry (IHC) to validate the
results obtained from GIuT1 ISH. As expected, p-tau
was not induced in the wild-type mice serving as
control, whereas p-tau was highly induced in the brain
of fasted mice [Figure 2B]. All these data suggested that
hypoglycemia due to prolonged fasting produced a
hypoglycemic brain in the wild-type mice.

Decreased expression of claudin-5 and increased expression
of Len2 in the blood endothelial cells of prolonged
fasted mice. It had been reported that hypoglycemia
can induce the cerebrovascular permeability,''?** and
recently, it was reported that hypoglycemia decreases
the expression of claudin-5, one of the major tight junction
proteins involved in the formation and maintenance of
BBB, in in vitro culture of brain endothelial cell line.!>*%!
Therefore, we first examined the expression of claudin-5
by ISH in the fasted mice brain. As reported, claudin-5
expression was decreased in the prolonged fasted mice
brain when compared with the brain of wild-type control
mice [Figure 3A]. We also confirmed that claudin-5 ISH
signals were positive for only von Willebrand Factor (vWEF,
a marker of endothelial cells) but not for GFAP-positive
astrocytes and Ibal-positive microglia [Supplementary
Figure 1A]. There were reports that acute exposure to
low glucose rapidly induced endothelial dysfunction in
the human endothelium in vitro,** and hypoglycemia
induces oxidative stress and inflammation, leading to
endothelial dysfunction in some human type I diabetes
patients.’”! The acute phase protein Lcn2 was upregulated
ininflammation, infection, and many other injuries,*! and
Lcen2 had been reported to be expressed by brain-inflamed
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Figure 1: Body weight and blood glucose level of wild-type mice decrease due to prolonged fasting. (a) Body weight was found to be significantly increased for control mice

supplied with regular food for 72 h, but (b) there was a significant (P < 0.001) decrease in body weight due to prolonged fasting of 72 h. (c) For another group of mice fasted

for 96 h, body weight was found to be significantly (P < 0.01) decrease. (d and e) Fasting causes a significant decrease in the blood glucose level of wild-type mice fasted for

both 3 consecutive days, 3 day fasting (3DF) (P < 0.01), and 4DF (P < 0.01). (f) Blood glucose level was found to be also significantly (P < 0.05) decreased when mice were
fasted for 4DF compared with 3DF. *P < 0.05, **P < 0.01, ***P < 0.001, Microsoft Excel-based t-test. 3DF: 3-day fasting, 4DF: 4-day fasting

endothelial cells after intraperitoneal administration of
lipopolysaccharides, intracerebral hemorrhage,*’! and
transient middle cerebral artery occlusion.*!! We chose
Lcen2 protein to evaluate inflammation in the endothelial
cells of the blood vessels in the fasted mice and examined
Len2 expression in fasted mice by ISH. We found
upregulated expression of Lcn2 mRNA in the endothelial
cells of micro- and macroblood vessels [Figure 3B,
red arrowheads] of fasted mice when comparing with
wild-type control mice. Both claudin-5 (tight junction
protein involved to maintain BBB) decreased expression
and Lcn2 (inflammatory protein reported to involve in BBB
leakage) increased expression indicated the abnormalities
of the endothelial cells of prolonged fasted mice.

Another important player to maintain BBB is the VEGF
synthesized by astrocytes and sustained VEGF expression
at the proper level is crucial for the vascular homeostasis
in the adult brain and other tissues.**?"! Therefore, we
examined the expression of VEGF by ISHin fasted mice and
compared with the wild type. We found downregulation
of VEGF mRNA expression in the prolonged fasted mice
brain when compared with the wild type [Figure 3C].
Astrocytes were identified as cell types expressing
VEGF in both wild-type and fasted mice by double
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staining with VEGF ISH and GFAP IHC [Figure 3C,D,
insets]. Since astrocytes maintained BBB!">'“! by secreting
a variety of molecules including VEGF and blood
endothelial cells expressed VEGF receptors (VEGFR1),""!
we examined the expression of VEGFR1 by ISH. Like
VEGEF expression, its receptor (VEGFR1) expression was
also decreased in the prolonged fasted mice [Figure 3D].
Endothelial cells were found as cell types expressing
VEGFRI receptor [Supplementary Figure 1B]. These data
suggested that hypoglycemia may cause abnormalities
in vascular homeostasis by downregulated expression of
VEGF and its receptors, which were required for normal
vascular structure and function.*?

BBB disruption and brain edema formation in prolonged
fasting mice. It was well known that astrocytes worked
as pivotal players in brain energy delivery, production,
utilization, and storage™ and that glucose tightly controls
astrocytic morphology and functions.*® Again, the acute
phase protein Lcn2 was upregulated in inflammation,
infection, and many other injuries,® and Lcn2 had been
reported to be expressed by brain endothelial cells in
different abnormal and experimental conditions,?*!!
which resulted in BBB disruption; therefore, all of our
findings motivated us to investigate BBB disruption and
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Figure 2: Hypoglycemia observed in wild-type mice due to prolonged fasting affecting the brain glycemic status. (A) Glucose transporter protein 1 in situ hybridization showed
upregulation of this mRNA in the wild-type fasted mice brain (e-h) compared with wild-type mice brain (a-d) with normal feeding indicating hypoglycemic brain in prolonged
fasted mice. Sections were counterstained with nuclear fast red. (B) P-tau (AT-8) immunohistochemistry also revealed hyperphosphorylation of tau protein in the wild-type

fasted mice brain (e-h) compared with wild-type mice brain (a-d) with normal feeding. Scale bars: 100 um

brain edema formation in prolonged fasted mice. To
investigate BBB integrity, the Evans blue extravasation
strategy was used.” The results showed high retention
of this dye in the brain tissue of prolonged fasted mice
than in control [Figure 4A], which was subsequently
quantified by measuring the fluorescence of Evans blue
dye spectrophotometrically, which is significantly higher
in prolonged fasted mice [Figure 4B; control, 0.17 + 0.03
OD/mice; 4DF mice 0.38 + 0.07 OD/mice; P < 0.05],
indicating BBB disruption in fasted mice. Compromised
BBB led to brain edema, which formation was examined
by wet—dry method.**! Although 3DF mice did not show
significant water leakage from blood vessels to brain
parenchyma [Figure 4C; control, 79.15% +0.49% brain water
content; 3DF mice 78.21% +0.35% brain water content;
P>0.05], a significant difference of water content was found
in 4DF mice when comparing with control [Figure 4D;
control, 79.72% +0.24% brain water content; 4DF mice
77.70% +0.16% brain water content; P < 0.05]. Together,
all these data indicated that prolonged fasting mice were
suffering from brain edema as a result of BBB disruption.

Discussion

Nowadays, restricted caloric intake or fasting is
considered a treatment for several diseases, including 10
consecutive days of fasting for the treatment of IBS.” This

Brain Circulation - Volume 10, Issue 2, April-June 2024

prolonged fasting of treatment motivated us to examine
the status of BBB during prolonged fasting since this BBB
barrier is often compromised in different conditions.®!
There are two major findings of the current study. First,
prolonged fasting (96 h) of wild-type mice causes
abnormal blood homeostasis with downregulation of
some genes (claudin-5, VEGF, and its receptors) which
are involved in maintaining BBB integrity. Second,
disturbed blood homeostasis and Lcn2-positive stressed
blood endothelial cells lead to the disruption of BBB and
formation of brain edema. Therefore, the present study
uncovers the impact of prolonged fasting on the brain.

Our investigation begins to determine if systematic
hypoglycemia induced by prolonged fasting has an
impact on the brain. Upregulated expression of GluT1
mRNA and p-tau protein [Figure 2A and B] in the brain
of prolonged fasted mice indicates systemic low glucose
levels are producing hypoglycemic brain since both
of these two genes are highly expressed in the brain
during hypoglycemia and starvation.”=? Recently, it
was reported that hypoglycemia downregulates the
expression of claudin-5 in vitro,**! and we also found
downregulated expression of claudin-5 mRNA in the
prolonged fasted hypoglycemic mice brain in comparison
with the wild-type control mice brain [Figure 3A]
indicating vulnerability of the BBB in the fasted mice.
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Figure 3: Effects of hypoglycemia on prolonged fasting wild-type mice brain. (A) Claudin-5 mRNA expressions were decreased in prolonged fasting wild-type brain (e-h) as
revealed by in situ hybridization (ISH). (B) Abnormalities in the endothelial cells of blood vessels were detected by Len2 ISH in the hypoglycemic brain of prolonged fasting
mice (e-h). Green and red arrowheads indicate Lcn2 negative endothelial cells in normal feeding wild-type mice and Len2-positive endothelial cells in prolonged fasting
wild-type mice, respectively. Small black rectangles were shown in high magnification as the top left insets. (C) vascular endothelial growth factor (VEGF) ISH showed that
VEGF mRNA expression was reduced in the brain of prolonged fasting mice (e-h). Inset (d) shows double staining of VEGF ISH and GFAP IHC indicating GFAP-positive
astrocytes are VEGF-producing cells. (D) Expression of VEGFR1 was also found to be reduced in the brain of prolonged fasting mice as detected by VEGFR1 ISH. Black
rectangles of a, b, ¢, and d were shown in high magnification as indicated. Green arrowheads indicate positive signals for ISH and red arrowheads indicate negative signals
for ISH. All sections were counterstained with nuclear fast red after ISH. Scale bars: 100 um, 50 um (inset of C and a’-d’ of D). Len2: Lipocalin-2, GluT1: Glucose transporter
protein 1, VEGF: Vascular endothelial growth factor, VEGFR1: VEGF receptor 1
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Figure 4: Blood-brain barrier disruption and brain edema formation in prolonged fasting mice. (A) Evans blue extravasation was done for both normal-feeding wild-type mice
and prolonged fasting mice. After extravasation, brains were removed and sliced to show the brain parenchyma retained the dye. (B) Upper panel shows the brain supernatant
after Evans blue extravasation study. Figure clearly shows the prolonged fasting mice brain retained more Evans blue dye (right) than the normal feeding control mice (left).
The lower panel shows a significantly (P < 0.05) higher amount of Evans blue dye was retained in the prolonged fasted mice brain than in normal-feeding control mice. (C and
D) Although the dry-wet method did not show significant differences in the % of water in the prolonged fasting mice brain when compared with normal feeding control mice for
3-day fasting but showed significant (P < 0.05) differences for 4DF. ns: Not significant, 3DF: 3 day fasting, 4DF: 4 day fasting, *P<0.05, Microsoft Excel-based f test.

Astrocyte-derived VEGF can disrupt claudin-5,""* and
hypoglycemia upregulates the expression of VEGF
in vitro;¥>*! therefore, we checked the expression of VEGF
mRNA by ISH. Surprisingly, we found downregulation
of VEGF mRNA in the astrocytes of the whole brain of
prolonged fasted mice by ISH [Figure 2C]. Recently, it
was reported that 1DF increases the tanycytic VEGF
expression in the third ventricle which boosts blood-
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hypothalamus barrier plasticity.*”! However, VEGF
expression in other brain regions except tanycytes
after 1DF was not reported in the article. Therefore,
we checked the expression of VEGF in other brain
regions of 1DF wild-type mice using our ISH probe.
As reported, 1DF increases tanycytic expression of
VEGF in the third ventricle [Supplementary Figure 2d],
but most importantly, in other brain regions such
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as hippocampus and cortex, the VEGF expression
was decreased compared with normal feeding
control [Supplementary Figure 2e and f]. However,
the expression of VEGF decreases in the tanycytes
as well as in the hippocampus and cortex of 4DF
mice brain [Supplementary Figure 2g-i]. It suggests
differential expression of brain VEGF in hypoglycemic
condition. Next, we examined the expression of one
of the VEGF receptors, VEGFR1, binding with which
VEGF exerts its functions.*! As indicated by ISH
experiment, the expression of VEGFRI receptor was
downregulated [Figure 3D] in the prolonged fasted
mice when compared with wild-type control mice, and
their expression was mainly found in the endothelial
cells [Supplementary Figure 1B]. Since astrocytes
secrete a variety of molecules including VEGF, and
receptors for VEGF are expressed by endothelial
cells;" lack of either VEGF or its receptors will
block the VEGF signaling which can lead to vascular
abnormalities.!*?

All data indicate there might be some abnormalities in the
blood homeostasis due to prolonged starvation. We
looked for the expression of Lcn2 since it is expressed by
brain endothelial cells after intraperitoneal administration
of lipopolysaccharides,™! intracerebral hemorrhage,*’!
and transient middle cerebral artery occlusion,*!
resulting in BBB disruption. ISH showed that Lcn2 was
upregulated in the prolonged fasted micebrain; specifically
in the endothelial cells of blood vessels [Figure 3B]
suggesting inflammation in these cells when compared
with normal feeding mice.

Finally, we examined the integrity of the BBB by Evans
blue extravasation and found increased Evans blue dye
retention in the prolonged fasted mice brain, indicating
a compromised BBB [Figure 4A and B]. In addition, the
wet—dry method showed an edematous amount of water
content in the prolonged fasted mice brain [Figure 4D]
validating the presence of compromised BBB in
prolonged fasted mice.

Limitations

This study explains the necessity of the management
of blood-brain barrier (BBB) during hypoglycemia. We
showed prolonged starvation disrupts BBB. Though we
used different approaches to examine the disruption of
BBB, however, it is necessary to examine the disrupted
BBB by electron microscopy (EM).

Conclusions

Our data showed that the BBB is disrupted, and brain
edema occurs in the prolonged fasted mice. Further
analysis should be done to investigate what are the
probable causes of low expression of VEGF by the
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astrocytes and VEGFR1 by brain endothelial cells at the
genomic level due to hypoglycemia.
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Supplementary Figure 1: Endothelial cells of blood vessels give positive signals for claudin-5, vascular endothelial growth factor receptor (VEGFR1). (A) Double
staining of claudin-5 in situ hybridization (ISH) with IHC of different cell-specific markers showed that claudin-5 ISH signals were not co-localized with Glial Fibrillary
Acidic Protein positive astrocytes (a) and Iba1 positive microglia (b) but co-localized with vWF-positive endothelial cells (c). (B) Double staining of VEGFR1 ISH with

immunohistochemistry (IHC) of different cell-specific markers revealed that VEGFR1 receptor of VEGF is expressed by VWF-positive endothelial cells (c). Brown arrowheads
indicate respective single positive cells for each IHC, blue arrowheads indicate respective single positive cells for each ISH, and red arrowheads indicate respective
double positive cells for ISH and IHC. Scale bars: 50 um (B), 20 um (A). GFAP: Glial Fibrillary Acidic Protein, IHC: Immunohistochemistry, ISH: In situ hybridization,
VEGFR1: Vascular endothelial growth factor receptor 1, vWF: Von Willebrand Factor, 4DF: 4 day fasting

Third ventricle Hippocampus Cortex
C % .'1. ,. > : Y
| v e 8 v s N
E .1 » -
3 a 3 ! BRI 2T
= :. - N .' < ’ . "
€ &g N - J 3 e
O *wa < . 1S < b T A
Q% ) 4 3 - LR ¥ o
VAR - R :
E 4 . —m 'ﬂ“".' '— - ;
{1 W2
8 = { i T
- |
E . 5
Pre .
o '
L‘A iy . ‘-‘,":'.', y
m _E -t ,” — 2 e—
b
E
w !
o
-
—
s 25

Supplementary Figure 2: Expression of vascular endothelial growth factor (VEGF) increased in the tanycytes of the third ventricle but decreased in other brain regions after
1 day fasting (1DF). VEGF in situ hybridization was performed in the forebrain of normal feeding control mice (a-c), 1DF mice (d-f) and 4DF mice (g-i). Tanycytic expression of
VEGF was increased in 1DF mice (a and d) but decreased in 4DF mice (a, d, and g), whereas hippocampal and cortical expression of VEGF was gradually decreased after
1DF and 4DF when compared with normal feeding control mice (b-c, e-f, and h-i). 4DF: 4-day fasting, 1DF: 1-day fasting



