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Associated Transporters in Basal Ganglia following
Hypoxic-Ischemic Reperfusion Injury in Piglets

Y. Zheng and “¥X.-M. Wang
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ABSTRACT

BACKGROUND AND PURPOSE: The neonatal brain has active energy metabolism, and glucose oxidation is the major energy source of
brain tissue. Lactate is produced by astrocytes and released to neurons. In the central nervous system, lactate is transported between
neurons and astrocytes via the astrocyte-neuron lactate shuttle. The aim of this study was to investigate the regulatory mechanisms
of energy metabolism in neurons and astrocytes in the basal ganglia of a neonatal hypoxic-ischemic brain injury piglet model.

MATERIALS AND METHODS: A total of 35 healthy piglets (3-5 days of age; 1.0-1.5 kg) were assigned to a control group (n = 5) or a
hypoxic-ischemic model group (n = 30). The hypoxic-ischemic model group was further divided into 6 groups according to the
'H-MR spectroscopy and PET/CT scan times after hypoxia-ischemia (02, 2—6, 612, 12-24, 24—48, and 4872 hours; n = 5/group).
'H-MR spectroscopy data were processed with LCModel software. Maximum standard uptake values refer to the maximum standard
uptake values for glucose (or FDG). The maximum standard uptake values of the basal ganglia—to-occipital cortex ratio were
analyzed. The expression levels of glucose transporters and monocarboxylate transporters were detected by immunohistochemical
analysis.

RESULTS: Lactate levels decreased after aninitial increase, with the maximal level occurring around 2— 6 hours following hypoxia-ischemia.
After hypoxia-ischemia, the maximum standard uptake values of the basal ganglia and basal ganglia/occipital cortex initially increased then
decreased, with the maximum occurring at approximately 6—12 hours. The lactate and glucose uptake (basal ganglia/occipital cortex
maximum standard uptake values) levels were positively correlated. The expression levels of glucose transporter-1and glucose transport-
er-3 were positively correlated with the basal ganglia/occipital cortex. The expression levels of monocarboxylic acid transporter-2 and
monocarboxylic acid transporter-4 were positively correlated with lactate content.

CONCLUSIONS: The results indicate that lactate and glucose transporters have a synergistic effect on the energy metabolism of neurons
and astrocytes following hypoxic-ischemic reperfusion brain injury.

ABBREVIATIONS: ANLS = astrocyte-neuron lactate shuttle; BG = basal ganglia; GLUT = glucose transporter; HI = hypoxic-ischemic; MCT = monocarboxylic acid
transporter; OC = occipital cortex; SUV,,,,, = maximum standard uptake values

Recent studies of the astrocyte-neuron lactate shuttle (ANLS)
suggest that lactate is generated and released by astrocytes in
the process of glucose metabolism and is further taken up and
metabolized by neurons as an oxidizing substrate in energy me-

Received May 9, 2017; accepted after revision October 30.

From the Department of Radiology, Shengjing Hospital of China Medical Univer-
sity, Shenyang, PR China.

This study was supported by the National Natural Science Foundation of China
(No. 30570541, 30770632, 81271631) and the Outstanding Scientific Fund of
Shengjing Hospital (No. 201402).

Please address correspondence to Xiaoming Wang, MD, Department of Radiology,
Shengjing Hospital of China Medical University, No. 36, Sanhao St, Heping District,
Shenyang 110004, PR China; e-mail address: wangxm024®@163.com; @little_yangyang

O |ndicates open access to non-subscribers at www.ajnr.org

http://dx.doi.org/10.3174/ajnr.A5505

tabolism in the brain."” Lactate metabolism provides adenosine
triphosphate to neurons under hypoxic conditions.” The ANLS
requires monocarboxylic acid transporters on the plasma mem-
branes of both neurons and astrocytes for transfer of lactate, py-
ruvate, and other monocarboxylic acids, as well as acetoacetic
acid, B-hydroxybutyric acid, and so forth.* Astrocytes and neu-
rons express different monocarboxylate transporter (MCT) sub-
types, because astrocytes primarily express MCT-4 and neurons
primarily express MCT-2.” Lactate and its transporters play im-
portant roles in cell metabolism under hypoxic-ischemic condi-
tions.” The transport and uptake of lactate between astrocytes and
neurons are mediated by MCTs. Briefly, lactate is transported out
of astrocytes by membrane-bound MCT-4 and gathers in the ex-
tracellular compartment. Neurons then take up lactate through
membrane-bound MCT-2, which is then converted to acetone by
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FIG1. Changesin"H-MR spectroscopy spectra and lactate content in the BG within 72 hours after HI. 'H-MR spectroscopy spectra of the right
BG of the control and HI model groups at 0-2, 2—6, and 612 hours are shown as A-D (lactate peak is located at 1.33 ppm). The lactate peak in
the control group is low and flat (A) and peaked at 2—6 hours after HI (C). ROI selection (E): right BG (yellow solid red). The change in lactate
content after Hl is shown in F (we calibrated the results, assuming 80% brain-water content, 100% visibility of water signal, and 55.5 mol/L). The
asterisk represents a statistical difference compared with the 2- to 6-hour time point. HIBI indicates hypoxic-ischemic brain injury.

lactate dehydrogenase, and acetone is then metabolized aerobi-
cally via the citric acid cycle to produce energy.”””

Moreover, lactate is closely associated with glucose metabo-
lism, but a correlation with dynamic metabolic changes remains
unclear. In vivo glucose metabolism in the brain is evaluated by
['*F] fluorodeoxyglucose imaging. In this study, 'H-MR spec-
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troscopy in combination with [**F] FDG imaging was used to
observe changes in lactate and glucose levels at different time
points after hypoxic-ischemic (HI) in a piglet model. Histo-
logic analysis demonstrated the existence of a mutual regula-
tory mechanism of energy metabolism in astrocytes and neu-
rons after HI.



Levels of lactate, SUV

max?’

MCTs, and GLUTs in the control and HI model groups®

HI Model Group (n = 5/Group)

Control

Parameter (n=5) 0-2 hr 2-6 hr 6-12 hr 12-24 hr 24-48 hr 48-72 hr

Lactate 024 +0.25 7.82 = 1.48° 16.51 +1.62° 13.01 +1.25° 321+ 121° 118 =174 123 +140
BG/OC 0.99 + 0.01 1.08 = 0.04° 117 = 0.06° 123 £ 0.02° 116 + 0.03° 1.04 = 0.04° 0.96 = 0.01
MCT-2 0.19 = 0.00 021+ 0.01° 0.22 = 0.01° 0.24 = 0.01° 0.27 = 0.01° 0.21+ 0.01° 0.19 = 0.00
MCT-4 021 0.01 0.24 + 0.01° 0.25 + 0.01° 0.26 = 0.01° 0.27 + 0.01° 0.25 + 0.02° 022 + 0.02
GLUT-1 0.14 = 0.02 0.16 *+ 0.04 0.20 = 0.05° 0.25 + 0.01° 0.24 + 0.03° 0.8 + 0.05 0.15 + 0.05
GLUT-3 0.13 £ 0.00 0.13 + 0.01 0.16 = 0.01° 0.22 * 0.06° 018 + 0.01° 0.14 + 0.01° 0.4 = 0.01

Data are mean £SD.
bP < .05 versus the control group.

MATERIALS AND METHODS

Experimental Animals

A total of 35 healthy Yorkshire or Large White piglets (3—5 days of
age; 1.0-1.5 kg) were randomly divided into 7 groups of 5 piglets
each: a control group and 6 HI model groups. All animal experiments
satisfied the standards of the Regulations for the Administration of
Affairs Concerning Experimental Animals and Measures for the Ad-
ministration of Licenses Concerning Experimental Animals.

Establishment of the HI Model

Control Group. Room temperature was maintained at 28°C—
30°C. The animals were injected intramuscularly with 0.6 mL/kg
of Su-Mian-Xin (Veterinary Research Center, Jilin University,
Changchun, China).'® Each animal was mechanically delivered
100% oxygen with a TKR-200C small animal ventilator (Jiangxi
TELI Anesthesia & Respiration Equipment, Nanchang City, China)
using a 2.5-mm-diameter endotracheal tube. The parameters of the
ventilator were the following: inspiration-to-expiration ratio, 1:1.5;
respiratory rate, 30 breaths/min; pressure, 0.05—-0.06 MPa. A hand-
held TUFFSAT Pulse Oximeter (GE Healthcare, Milwaukee, Wis-
consin) was used to monitor heart rate and oxygen saturation. After
the neck skin was disinfected with iodophor, the jugular vein was
catheterized and an operation was performed to free the bilateral
common carotid arteries. Then, the incisions were sutured, and the
animals were placed in an incubator to maintain body temperature.

Model Groups.
groups underwent the same procedures as those in the control

During the first stage, animals in the model

group. In the second stage, following 30 minutes of stabilization,
artery clamps were used to block the bilateral common carotid
arteries. Simultaneously, the oxygen concentration administered
by mechanical ventilation was decreased to 6% (mixed in 94%
nitrogen; Dalian Special Gases, Dalian City, China), which was
maintained for 40 minutes and then increased to 100%. Both
clamps on the bilateral common carotid arteries were then re-
moved, blood flow was recovered, and the incisions were sutured.
Oxygen saturation and heart rate were monitored throughout the
procedure. Mechanical ventilation was stopped after spontaneous
breathing was restored.

There were 7 groups (n = 5 piglets each): a control group and
6 model groups. The 6 HI model groups were based on PET/CT
and MR spectroscopy scanning times after hypoxia-ischemia
(0-2, 2—6, 612, 12-24, 24—48, and 48-72 hours). The model
group was standardized, in which case, the HI time and surgical
procedure of each neonate piglet in the model group were the
same. The piglets in the control group underwent the same oper-
ation without HI process.

According to the preoperative, operative, and postoperative
monitoring of the hypoxic-ischemic brain injury model, partial pres-
sure of carbon dioxide in arterial blood was maintained in the range
of4.5-6.5kPa, and partial pressure of oxygen in arterial blood, in the
range of 813 kPa."!

After completion of PET/CT and MR spectroscopy at the des-
ignated time points, the piglets were immediately injected with
anesthetics. After the reaction disappeared (ie, loss of pain reflex
because of excessive anesthetic), the skull was opened along the
sutura craniun, and the spinal cord was cut at the medulla. The
whole brain was collected along with the cerebellum after
the piglet was decapitated.

"H-MR Spectroscopy Scanning and Data Processing
"H-MR spectroscopy scans were performed of control group and
at 0-2, 2—6, 6-12, 12-24, 24—48, and 48—72 hours after HI.
MR imaging was performed with an Achieva 3T TX system
(Philips Healthcare, Best, the Netherlands) equipped with a pencil
beam, second-order shim. Body coil emission and 8-channel sen-
sitivity encoding head coil reception were used. 'H-MR spectros-
copy was implemented with a point-resolved spectroscopy single-
voxel sequence with the following scanning parameters: TR/TE,
2000/37 ms; average number of signals, 64; and VOI, 10 X 10 X 10
mm. The right basal ganglia (BG) was chosen as the ROI. Shim-
ming and water suppression were automatically performed by the
scanner. '"H-MR spectroscopy results were analyzed using the
LCModel software package (http://www.lcmodel.com/)."”

PET/CT Studies
PET/CT scans were performed of control group and at 0-2, 2—6,
6-12, 12-24, 24—48, and 48—72 hours after HI.

PET Reagents

['®F] FDG was synthesized using the MINItrace positron-emit-
ting isotope production system (GE Healthcare) and a TracerLab
MX-FDG synthesizer (GE Healthcare). High-performance liquid
chromatography used for quality control showed that the radio-
active purity of ['*F] FDG was >99%.

Functional Imaging

['®F] FDG (3.7 MBq/kg; injection dose, 3.7-5.55 MBq) was ad-
ministered to the experimental animals in the model groups via
the jugular vein at different time points after HI. Feeding was
stopped 6 hours before administration to maintain low levels of
blood glucose. The radioactivity of the syringe before and after
injection was measured. PET/CT scanning (Discovery Elite
PET/CT system; GE Healthcare) was performed 50 minutes after
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FIG 2. ['®F] FDG PET/CT images in the control group (A) and the time points of 6-12,12-24, and
48-72 hours in the HI model groups (B—D). Changes in the SUV,,,,, of the basal gangliaand BG/OC
ratio of the BG in the control and HI model groups (E—F). The BG and OC of the control group (4)
are clearly visible on [®F] FDG PET/CT images. [°F] FDG uptake was symmetrically distributed. At
612 hours after HI, the BG/OC ratio of the HI groups was greater than that of the control group
(B). At 1224 hours after HI, the BG/OC ratio in the BG was decreased compared with 612 hours
(C). The BG/OC ratio was further decreased after 4872 hours, and the BG and cortex showed
less clearance (D). The SUV,, ., of the basal ganglia and BG/OC ratio peaked at 612 hours after HI.
The hashtag represents a statistical difference compared with the 6- to 12-hour time points (E—F).
Changes in lactate levels and the BG/OC ratio after HI (G). The left vertical axis represents the
lactate content, and the right vertical axis represents the BG/OC ratio (G, the circle represents
the average value of lactate content; the diamond represents the average value of BG/OC).
Spearman correlation analysis showed that the lactate content was positively correlated with the
BG/OC ratio (r = 0.74, P < .001; H). HIBI indicates hypoxic-ischemic brain injury.

injection of the imaging agent. The PET
slice thickness was 3.25 mm. CT scan-
ning parameters included the following:
voltage, 80 kV; current, 50 mA; slice
thickness, 3.25 mm. A 3D model was
used in PET scanning.

Image Processing

PET/CT raw data were processed with
Volume Viewer software on an AW4.6
workstation (GE Healthcare). The bilat-
eral BG and occipital cortex (OC) on the
same side were selected as the ROI. The
size of the ROT of the BG was normalized
to 1.0 X 1.0 cm, and that of the OC, to
0.5 X 0.5 cm. The ROI was placed on the
BG and the OC by reference to the
CT images by 2 experienced radiolo-
gists. Maximum standard uptake values
(SUV ,,.,.) of the BG/OC ratios were de-
termined. The SUV . of the BG and
BG/OC ratio reflects the uptake of [*°F]
FDG in the BG.

Histologic Examination and
Immunohistochemical Analyses

The fixed brain tissue was sliced in the
coronal plane into 4-mm-thick sections.
Slices containing the BG and hippocam-
pus were used for immunohistochemi-
cal staining of MCT-2, MCT-4, glucose
transporter-1 (GLUT-1), and GLUT-3
using antibodies purchased from Abcam
(Bristol, England).

Statistical Analyses

All statistical analyses were performed
with SPSS Software for Windows (Ver-
sion 17.0; IBM, Armonk, New York).
Data are presented as the mean * SD.
Analysis of variance was used to ana-
lyze the data with equal variance fol-
lowed by post hoc analysis with the
least significant difference test. Spear-
man rank correlation analyses were
conducted, and correlation coeffi-
cients and boxplot data were used. A P
value < .05 was considered statistically
significant.

RESULTS

Change in Lactate in the BG across
Time after HI

"H-MR spectroscopy showed that after
HI, the lactate concentration increased
first and then decreased but was still

slightly higher than that of the control group at 48—72 hours (Fig 1

and Table).
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FIG 3. H&E staining of the BG in the control and HI model groups. A—E, H&E-stained images of the control group and the 6-, 24-, 48-, and 72-hour
time points of the HI model groups. Compared with the control group (A), we observed the following apparent pathologic changes: swelling in
some astrocytes (B), many astrocytes and some neurons apparently swollen with visible vacuoles and karyopyknosis (C), and astrocytes
apparently swollen and necrotic. Neurons also showed swelling and necrosis (D), the neuronal membranes were damaged, and nuclei were
swollen and weakly stained. These observations were made at X400 magnification (E).

PET/CT Results

The radioactivity concentration was symmetrically distributed
between the left and right hemispheres of the control group. The
bilateral BG and OC were clearly visible and showed increased
glucose metabolic activity, with radioactivity sparsely distributed
in the white matter (Fig 2). There were significant differences in
the SUV ., of the BG and BG/OC between 6 and 12 hours and
other time points (P < .01). The OC and BG were still visible at
12—48 hours after HI. At 48—72 hours, the brain structures were
less clear, and decreased metabolism was noted throughout the
whole brain.

Histologic Findings

H&E Staining and Expression Levels of MCT-2 and MCT-4 in the
BG after HI. H&E staining of the control group showed that the
neurons were neatly arranged with intact cell morphology, abun-
dant neuron plasma, and clear nucleoli. At 6 hours after HI, some
glial cells were swollen with pale cytoplasm and intact neurons. At
24 hours after HI, alarge portion of the glial cells was swollen with
condensed nucleoli and the neurons were swollen and round with
pale cytoplasm and bubbles. At 48 hours after HI, the glial cells
were swollen and degraded, and the neurons were swollen with
scattered visible neuronal necrosis. At 72 hours after HI, the neu-
ronal cell membranes were broken and nuclei were swollen and
pale. At different time points after HI, the astrocytes and neurons
had sustained different degrees of damage (Fig 3).

After HI, the expression of both MCT-2 and MCT-4 in the BG
initially increased and then peaked at 12-24 hours (Fig 4). There
were significant differences in MCT-2 and MCT-4 expression lev-
elsat 12-24 hours, compared with the control group and the other
HI model groups (P < .01).

Expression Levels of GLUT-1and GLUT-3 in the BG after HI. The
expression levels of GLUT-1 and GLUT-3 increased just after HI
and peaked at 12-24 hours. The expression levels of both were
significantly different at 12-24 hours after HI from the other time
points (P < .01). GLUT-1 expression decreased after 12-24
hours, as did GLUT-3 expression (Fig 5).

DISCUSSION

The results showed that lactate levels had peaked at 2—6 hours
after HI and glucose peaked at 612 hours. The expression levels
of the MCTs and GLUTs increased after HI (peak at 12-24 hours)
and then decreased, and the study showed that astrocytes and
neuronal damage after HI were not synchronized. Astrocytes
damage occurred earlier and was more severe than neuronal dam-
age; these findings were consistent with those of our previous
study.'*"”

It is likely more advantageous to detect lactate using "H-MR
spectroscopy at the 3T field strength with a long TE of 288 ms
because lipid T2 is short and the TE of the lipid signal declines;
these features greatly distinguish lactate and lipid peaks. In 1.5T
field strength, a long TE of 144 ms usually shows an inverted
lactate peak, which is therefore also easy to separate from the lipid
peak. However, if a long TE (144 ms) is used with 3T, false-nega-
tive results may occur.'* In the present study, the use of a short TE
(37 ms) led to overlap of the lactate and lipid peaks, but use of
LCModel separated the overlapped lactate and lipid signals and
thus can still ensure the accuracy of the results.

In this study, the lactate content peaked at 2— 6 hours and then
gradually decreased. Several studies have shown that the increase
in lactate concentration lasted for some time after HI.'> Pellerin et
al'® proposed the ANLS hypothesis, which states that lactate, as a
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rarily compensate for the lack of energy
in the brain in response to the needs of
anaerobic solution.'®2°

HI promotes abnormal glucose me-
tabolism and is closely associated with
brain cell necrosis.”” A decrease in the
uptake of | '8F] FDG, to a certain degree,

L
o
0.1
T b b T T
%, A . <N ]
%, % 6% 7 3
%, 2 7B % % Yy
I HIBI Time (h)
E LA E
s . g
[=] () a
o o o
o . ° hi o o
5 e, ° e . ® 5 020
= =
0.15
5 10 15 20 0 5
J Lactate (mmol/kg) K

FIG 4. Expression levels of MCT-2 and MCT-4 in the BG in the control and HI model groups (A—H)
and change in expression levels of MCT-2 and MCT-4 in the BG after HlI (/) and correlation with
lactate content (/ and K). A—D, MCT-2 expression in the control group and at 6, 24, and 48 hours
after Hlin the HI model groups. MCT-2 was mainly stained brown in the membrane of the neurons
(A). Compared with the control group (A), MCT-2 staining at 6 and 24 hours after HI (B and C) was
darker and greater numbers of positive cells were observed. MCT-2 expression was reduced at 48
hours (D). E-H, MCT-4 expression in the BG of the control group and at 6, 24, and 48 hours after
HI in the model groups. MCT-4 was mainly expressed in the membranes of astrocytes (E). MCT-4
staining was darker at 6 and 24 hours after HI (F and G), compared with the control group (E).
MCT-4 expression was reduced at 48 hours after HI (H). The expression levels of MCT-2 and
MCT-4 were highest at 12-24 hours (/). Expression levels of MCT-2 and MCT-4 were positively
correlated with the lactate level (/ and K): MCT-2 (r = 0.47), MCT-4 (r = 0.38).

substrate of energy metabolism in neurons, was preferable to glu-
cose as an energy source of neurons.'” In the current study, the
regulation mechanism of lactate and glucose after HI was investi-
gated on the basis of the ANLS hypothesis. A high concentration
of lactate or hypoxia can induce activation of glycolytic en-

'%19 and further upregulate MCTs. Immunohistochemical

zymes
analyses showed that after HI, the expression levels of MCT-2 and
MCT-4 also increased, peaked around 12-24 hours, and then de-
creased. MCT-4 is primarily expressed in astrocytes and has a
relatively low affinity for lactate, which facilitates the release of
lactate, while MCT-2 is primarily expressed in neurons and has a
high affinity for lactate; thus, characteristic kinetics are favorable

for the uptake of lactate.”
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often implies irreversible brain injury.*®
The results of the present study indi-
cated that following HI, glucose metab-
olism increased and the BG/OC ratio
peaked at around 6-12 hours. Glucose
metabolism then decreased with time,
and the uptake of ['®F] FDG in the
whole brain decreased up to 48-72
hours following HI. Lactate and glucose
are critical for energy metabolism and
interact closely with one another. After
HI, glycolysis produces lactate; and be-
cause the energy generated from anaer-
obic metabolism is limited, the uptake and use of glucose by the
brain are enhanced to supplement the energy shortage caused by
HI. Therefore, an increase in lactate content is accompanied by an
increase in glucose uptake.

Within 24 hours after HI, increased glucose uptake can tempo-
rarily supplement energy deficiencies, the glucose uptake is
closely correlated with the upregulation of GLUTs at this stage.
Immunohistochemical analyses showed that GLUT-1 and
GLUT-3 synthesis increased after HI, peaked at 12—-24 hours, and
then decreased after 24 hours. Because GLUT-1 is mainly ex-
pressed in vascular endothelial cells, its increase helps transport
glucose into the extracerebral space via the blood-brain barrier
and increases glucose levels in the brain.”” GLUT-3 is mainly ex-
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model can reflect lactate and hypoxia
stimulation of MCTs and GLUTs. Up
to the later stages of HI, necrosis of
neurons and astrocytes disrupts coor-
dination of the neuronal network
and causes energy exhaustion. This se-
ries of changes in biochemical pro-
cesses, including lactate, glucose, and
associated transporters, coregulate en-
ergy metabolism after HI.?*"

The size, cardiovascular system, and
brain maturity of neonate piglets and ne-
onate children are highly similar. There-
fore, the neonate piglet hypoxic-ischemic
brain injury model and hypoxic ischemic
encephalopathy are also similar.”> The
success rate of modeling using piglets born
within 24 hours is low with high mortality.
Piglets at 3—5 days of age can guarantee the
success rate and meet the perinatal/neona-
tal brain requirements. Older neonate pig-
lets do not meet the perinatal requirement
but are more like older neonate children.
Kyng et al”” used Danish Landrace piglets
within 24 hours after birth, while neonate
Yorkshire or Large White piglets 3—5 days
of age were used in the present study. In
this model, the bilateral internal ca-
rotid arteries were blocked and sup-
plied with low oxygen concentrations.
During the experiment, 2 piglets died,
one due to excessive anesthesia and a
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FIG 5. Expression levels of GLUT-1 and GLUT-3 in the BG in control and HI model groups (A—H),
immunohistochemical staining of GLUT-1 and GLUT-3 in the BG within 72 hours after HI (/), and
correlation with BG/OC (/ and K). A-D, GLUT-1 expression in the control group and at 6, 24, and 48
hours after HI in the HI model groups. GLUT-1 was mainly expressed in vascular endothelial cells
(positive staining is shown as dark brown, rod-shaped structures) and astrocytes (A). Positively stained
endothelial cells and astrocytes increased at 6 and 24 hours (B and C) and decreased at 48 hours (D)
after HI. E-H, GLUT-3 expression in the control group and at 6, 24, and 48 hours after Hl in the Hl model
groups. GLUT-3 was mainly expressed in neurons (E). The staining of the neuronal membrane was
darker at 6 and 24 hours after HI (Fand G). The staining lightened, and positively stained cells decreased
at 48 hours after HI (H). GLUT-1and GLUT-3 expression levels were highest at 12-24 hours (/). Spearman
correlation analysis showed that the expression levels of GLUT-1and GLUT-3 were positively corre-

1.0
BG/OC (%)

lated with the BG/OC ratio (/ and K): GLUT-1(r = 0.64); GLUT-3 (r = 0.75).

pressed in neurons, and the upregulation of GLUT-3 promotes
the transport of glucose from the extracerebral space into neu-
rons. This increased glucose uptake improves energy metabolism.
Upregulation of both GLUT-1 and GLUT-3 molecules temporar-
ily supplements the energy deficiency and the demands of anaer-
obic glycolysis under HI conditions.'® At 48 hours after HI, astro-
cytes showed swelling and degeneration, while swelling and
scattered necrosis of neurons was also observed. Up to 72 hours,
many neurons were necrotic. Expression levels of GLUT-1 and
GLUT-3 decreased after 24 hours. This decrease in GLUT's weak-
ens the capacity to transport glucose, which reduces the uptake of
['5F] FDG.

Immediately after HI, lactate production increased. The ANLS

11 12 13 14

second due to excessive blood loss.
Nonetheless, this model is highly repro-
ducible, with a high success rate and low
mortality. Reperfusion was simulated
during recovery of the blood supply,
which is conducive to a reperfusion
study.”*° However, different anesthet-
ics and anesthesia methods have differ-
ent effects on neonatal brain injury. Us-
ing halothane to anesthetize animals
may increase the degree of brain injury
in the model.”” Propofol has a neuropro-
tective effect, which can reduce the degree
of brain damage.”®*” In this study, Sumianxin was used as an anes-
thetic, and has the advantage of an effective anesthesia with smooth
induction and recovery. The anesthesia time of Sumianxin is short
and thus can reduce its impact on the model."”

CONCLUSIONS
These results suggest that lactate and glucose transporters have
coordinated regulation of energy metabolism following HI.
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