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Table 1.
Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure 5.
Figure 6.
Figure 7.

Figure 8.

Figure 9.
Figure 10.

Figure 11.

Primary antibodies used for western blot assay.
Protocol of insulin-induced severe hypoglycemia.

Impact of insulin on the levels of blood glucose and behavior.
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Hippocampus and cortex pyramidal cells stained by TSQ and acid fuchsin. -+

Reduction of neuronal and synaptic activity in severe hypoglycemia.
Change in MCTs proteins in severe hypoglycemia.
Change in GLUTs proteins in severe hypoglycemia.

Change in MPCs proteins in severe hypoglycemia.

Diagram depicting changes in levels of GLUTS, MCTs, MPCs in severe

hypoglycemia.

Decreased anti-oxidant capacity in severe hypoglycemia.

Mitochondrial dysfunction and mitochondrial fission in severe hypoglycemia. -

Increased inflammation severe hypoglycemia.
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Abstract

Hypoglycemia and severe hypoglycemia are defined as the plasma glucose
concentration below 55 mg/dL, and 40 mg/dL respectively. Severe hypoglycemia is
accompanied by epileptic seizures and coma, can cause hypersensitivity, cognitive
impairment, and local neurological dysfunction, and can be fatal if not supplied with
glucose immediately. It can also cause neurodegeneration by inducing oxidative stress,
inflammation, and mitochondrial dysfunction in the brain or neuronal cells, disrupting
neuronal function.

In this study, changes in the levels of neurodegeneration-related proteins in the brain
in severe hypoglycemia were investigated. Insulin (10 IU/kg) was injected intraperitoneally
into C57BL/6 mice to produce a model of insulin-induced severe hypoglycemia. As a
result, the levels of blood glucose fell to less than 10 mg/dL within 3 hours, with
symptoms resembling epileptic seizures and coma. In these animals, TSQ [N-(6-methoxy-
8-quinolyl)-p-toluenesulfonamide] staining and acid fuchsin staining were used to
confirm changes in synaptic zinc levels and neuronal death in brain tissues, respectively.
Neuronal cell death was confirmed in the CA3 region of hippocampus and cortex, and a
decrease in synaptic zinc was observed in the mossy fiber of hippocampus. Because
neuronal cell death can result from abnormalities in neuronal activity, energy metabolism,
oxidative stress, mitochondrial function, and inflammatory responses, changes in the
levels of associated proteins were investigated. As a result, decreases in neuronal,
synaptic-active related proteins, and energy source transporter proteins were observed.

This suggests that severe hypoglycemia may lead to reduced neuronal and synaptic
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activity, and there is a possibility of energy metabolism disruption. In addition, through
changes in mitochondrial function-regulating proteins, antioxidant-related proteins, and
inflammation-related proteins, severe hypoglycemia may also affect the structural
changes in the mitochondria and the electron transport chain, impair the anti-oxidant
function, and cause inflammation.

Thus, when triggered by severe hypoglycemia, changes in the levels of
neurodegenerative-associated protein in the brain are assumed to result in neuronal cell
death in the end.

Keywords: hypoglycemia, insulin, epileptic seizures, neurodegeneration, neuronal death
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Table 1. Primary antibodies used for western blot assay.

Antibody Dillutions Supplier Cat. No.
anti-neuronal nuclear (NeulN) 1:1000 Rockland NY 200-301-X09
anti-sirtuin 1 (SIRT1) 1:1000 Thermofisher USA PA5-17071
anti-zinc transporter 3 (ZnT3) 1:1000
anti-synaptophysin (SYP) 1:5000 Santa Cruz Biotechnology UsaA sc-9116
anti-postsynaptic density protein 95 (PSD-95) 1:1000 Thermofisher USA 51-6900
anti- MCT1 1:1000 Thermofisher USA PA5-76687
anti-MCT2 1:1000 Thermofisher UsSA PAS-76603
anti-MCT4 1:1000 Thermofisher USA PA5-106683
anti-GLUT1 1:500 Thermofisher USA MA5-11315
anti-GLUT2 1:1000 Thermofisher USA PA5-77459
anti-GLUT3 1:1000 Thermaofisher USA PA5-39486
anti-GLUT4 1:1000 Thermofisher USA PA5-19333
anti-BRP44L (MPC1) 1:1000 LSBio UsA LS-C356186
anti-BRP44 (MPC2) 1:1000 Thermofisher USA PA5-116939
anti-glial fibrillary acidic protein (GFAP) 1:1000 Merck Germany MAB360
anti-glutathione peroxidase 4 (GPx4) 1:1000 Santa Cruz Biotechnology USA s¢-166570
anti-superoxide dismutase 2 (SOD2) 1:1000 Santa Cruz Biotechnology USA sc-137254
anti-nuclear factor erythroid 2-related factor 2 (Nrf2) 1:1000 Thermofisher UsA PA5-88084
anti-cytochrome C (Cyt C) 1:1000 Santa Cruz Biotechnology USA 5¢-8385
anti-mitofusin 2 (MFN2) 1:1000 abcam UK ab56889
anti-phospha-DRP 1 (p-Drp1) 1:1000 Thermofisher USA 612606
anti-optic atrophy type 1 (OPA1) 1:1000 BD biosciences USA PA5-64821
anti-NLR family pyrin demain containing 3 (NLRP3) 1:500 Nowus biologicals USA NBP2-12446
1:1000 Santa Cruz Biotechnology USA sc-47778
anti-glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 1:1000 Santa Cruz Biotechnology USA s¢-32233

23



C578BL/6 mice

(12-16weeks old) ~ Glucose, Glucose, Insulin Glucose, Glucose, weight
weight weight injection Glucose weight  measure &
\“ measure Fasting measure (10 1U/kg) measure Feeding measure  Sacrifice
Time (h) 24 -18 -3 0 +3 +6 +24 +48
' Behavior observation '

Figure 1. Protocol of insulin-induced severe hypoglycemia.

C57BL/6 mice aged 12-16 weeks were injected with 1% HCl in 0.9% NaCl for the
control group (CTL) and with insulin (10 IU/kg) in 0.9% NaCl for the insulin-induced
severe hypoglycemia group (INS) intraperitoneally. Both groups fasted for 18 hours
before administration. The levels of blood glucose and weight were measured at the
indicated time points. The mice’s behavior was observed from the time of insulin

injection to sacrifice.
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Figure 2. Impact of insulin on the levels of blood glucose and behavior.

We injected insulin (10 IU/kg) or 1% HCI intraperitoneally to C57BL/6 mice, and then
assessed behavioral changes, the levels of blood glucose and weight. (A) The insulin
administration cause behavioral patterns of (a) hyporesponsiveness, (b) digging, (c)
convulsions, shock, and (d) coma. (B, C) Histogram show the difference in the levels of
blood glucose and weight between the CTL and INS administration groups at the
indicated time points. Differences within each group were determined with a one-way
ANOVA with Student-Newman-Keuls post hoc test (sharps), and differences between CTL
and INS groups were determined with two-tailed unpaired ¢ test (asterisks). Each data bar
is the mean + SEM (*** ##<0.001, *p<0.05).
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Figure 3. Hippocampus and cortex pyramidal cells stained with TSQ and acid fuchsin.

(A) Synaptic zinc in mossy fiber was assessed by TSQ staining (blue) and (B) acidophilic
neuronal death (arrows) in the hippocampus and cortex was evaluated by acid fuchsin
staining (pink). The brain sections are from C57BL/6 mice injected with either 1% HCl in
0.9% NaCl (CTL) or 10 IU/kg insulin (+INS). The brain sections of the insulin-injected
group belong to the mice that showed severe hypoglycemia symptoms. TSQ = N-(6-
methoxy-8-quinolyl)-p-toluenesulfonamide; CTL = control; INS = insulin; DG = dentate

gyrus; Ctx = cortex; Hp = hippocampus; CA3 = cornu ammonis 3
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Figure 4. Reduction of neuronal and synaptic activity in severe hypoglycemia.

For western blot analysis, the brain tissues were obtained from the C57BL/6 mice
injected insulin. Representative immunoblots (A) of NeuN, SIRT1, ZnT3, SYP show lowered
levels of the protein by the insulin administration. But, PSD-95 was not statistically

significant. (B) Immunoreactive optical density obtained from triplicate immunoblots was

normalized to that of GAPDH (n

administration). Bars present the rate relative to the control (= 1.0). Each data point is the

mean * SEM (%p<0.05, **#0<0.001).

= 6 per group sacrificed 48 hours after the
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Figure 5. Change in MCTs proteins in severe hypoglycemia.

Immunoblots (A) displaying changes in the levels of MCT1, MCT2, and MCT4. (B) The
immunoreactive optical density obtained from triplicate immunoblots was normalized to
that of GAPDH (n = 6 per group sacrificed 48 hours after the administration). Bars
present the rate relative to the control (= 1.0). Each data point is the mean + SEM

(*p<0.05).
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Figure 6. Change in GLUTs proteins in severe hypoglycemia.

Immunoblots (A) displaying changes in the levels of GLUT1, GLUT2, GLUT3, GLUT4. (B)
The immunoreactive optical density obtained from triplicate immunoblots was
normalized to that of GAPDH (n = 6 per group sacrificed 48 hours after the
administration). Bars present the rate relative to the control (= 1.0). Each data point is the

mean + SEM (**p<0.01, ***p<0.001).
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Figure 7. Change in MPCs proteins in severe hypoglycemia.

Immunoblots (A) displaying changes in the levels of MPC1 and MPC2. (B) The
immunoreactive optical density obtained from triplicate immunoblots was normalized to
that of GAPDH (n = 6 per group sacrificed 48 hours after the administration). Bars
present the rate relative to the control (= 1.0). Each data point is the mean + SEM
(***p<0.001).
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Figure 8. Diagram depicting changes in the levels of MCTs, GLUTs and MPCs in severe
hypoglycemia.

Diagram shows general MCTs, GLUTs and MPCs localization and energy metabolism
pathway in astrocyte-neuron lactate shuttle and depicts MCTs, GLUTs and MPCs protein
levels change in severe hypoglycemia.

MCTs = monocarboxylate transporters; GLUTs = glucose transporters; MPCs =

mitochondrial pyruvate carriers; Glu = glucose; Pyr = pyruvate; Lac = lactate
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Figure 9. Decreased anti-oxidant capacity in severe hypoglycemia.

Immunoblots (A) graphs displaying changes in the levels of anti-oxidative protective
proteins Nrf2, SOD2, and GPx4. (B) The immunoreactive optical density obtained from
triplicate immunoblots was normalized to that of GAPDH (n = 6 per group sacrificed 48

hours after the administration). Bars present the rate relative to the control (= 1.0). Each

data point is the mean + SEM (*p<0.05).
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Figure 10. Mitochondrial dysfunction and mitochondrial fission in severe hypoglycemia.
Immunoblots (A) displaying changes in the levels of mitochondria function-related
proteins MFN2, p-DRP1, and OPA1. (B) The immunoreactive optical density obtained
from triplicate immunoblots was normalized to that of GAPDH (n = 6 per group
sacrificed 48 hours after the administration). Bars present the rate relative to the control

(= 1.0). Each data point is the mean + SEM (*#p<0.05).
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Figure 11. Increased inflammation in severe hypoglycemia.

Immunoblots (A) displaying changes in the levels of inflammation-related proteins
GFAP NLRP3. (B) The immunoreactive optical density obtained from triplicate
immunoblots was normalized to that of GAPDH (n = 6 per group sacrificed 48 hours
after the administration). Bars are presented as a rate relative to the control (= 1.0). Each

data point is the mean + SEM (*p<0.05).
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