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Study of molecular mechanisms of learning
and memory impairment in neonatal rats
post intrauterine distress via the pathway
of Tau protein hyperphosphorylation
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Abstract. – OBJECTIVE: To explore the reversion of the excitatory amino acid receptor antagonists against the impairment of learning-memory and the hyperphosphorylation of protein Tau
induced by fetal intrauterine distress in neonatal rats.
MATERIALS AND METHODS: The analysis
of variance of factorial design set up two intervention factors, fetal intrauterine distress (two
levels: no fetal intrauterine distress and a course
of fetal intrauterine distress) and the excitatory
amino acid receptor antagonists (three levels:
Saline; NMDA receptor antagonist MK-801; astragalosides). Forty-eight pregnant rats were randomly divided into six experimental groups (n=8,
in each group). After the end of the fetal intrauterine distress, the pregnant rats continued until
the birth of newborn rats. When the neonatal rats
grow to 12W, the Morris water maze test started
in order to evaluate learning-memory. The hippocampus was removed from newborn rats within 1
day after the Morris water maze test finished. The
content of glutamate in the hippocampus of rats
was detected by high performance liquid chromatography. Besides, the content of protein Tau
including Tau5 (total protein Tau), p-PHF1Ser396/404,
p-AT8Ser199/202, p-12E8Ser262 in the hippocampus of
rats, was examined with the method of immunohistochemistry (IHC) staining (SP).
RESULTS: Fetal intrauterine distress and the
glutamate ionic receptor blockers could induce
the impairment of learning-memory in neonatal
rats, extending the evasive latency time and
shorten the space exploration time. Both influences present subtract effect. Fetal intrauterine
distress could significantly up-regulate the content of glutamate in the hippocampus of neonatal rats, which was not affected by the glutamate
ionic receptor blockers. Fetal intrauterine distress and the glutamate ionic receptor blockers
did not affect the total protein Tau in the hippocampus of rats. Moreover, fetal intrauterine distress could increase the hyperphosphorylation
of protein Tau in the hippocampus of neonatal
rats, which were reduced by the glutamate ionic

receptor blockers. Both influences presented
subtract effect.
CONCLUSIONS: We showed that fetal intrauterine distress upregulates the content of
glutamate in the hippocampus of neonatal rats,
up-regulating the hyperphosphorylation of protein Tau and inducing the impairment of learning-memory in neonatal rats.
Key Words
Tau protein, DNQX, Excitatory toxicity, Glutamic
acid, Intrauterine distress.

Introduction
Fetal intrauterine distress (FIUD) refers to the
acidosis of the fetus in the uterus due to ischemia
and hypoxia and the emergence of a series of
fetal dying syndrome, whose incentives are oxygen transport and exchange dysfunction. Fetal
distress can lead to neonatal asphyxia, which can
cause some degree of neonatal neuronal damage.
Fetal intrauterine distress is one of the most important causes of hypoxic-ischemic encephalopathy (HIE), which seriously affects the cognitive
development of children. The concentration of
glutamate in the hippocampus increases due to
hypoxia and oxidative stress caused by FIUD,
then inducing neuronal excitotoxicity, eventually
leading to neonatal cognitive impairment. DNQX (6,7-dinitroquinoxaline-2,3-dione) can inhibit
neuronal synthesis and release glutamate and
NMDA receptor antagonists can prevent it by
blocking excitotoxicity. Whether DNQX is a natural glutamate receptor antagonist, can it prevent
fetal distress induced ischemia and hypoxia stress
process? Therefore, we aimed at exploring the
molecular mechanisms of learning and memory
impairment in neonatal rats post intrauterine
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distress via the pathway of Tau protein hyperphosphorylation.

Materials and Methods
Major Reagents and Instruments
Pure 5-methyldipropylcyclohexene imine maleic acid (MK-801, NMDA Receptor Antagonist Sigma-Aldrich, St. Louis, MO, USA); rabbit monoclonal antibody against p-AT8Ser202 (Gene Tex, San
Antonio, TX, USA); mouse monoclonal antibody
against human GSK-3β1H8 (Santa Cruz Biotechnology, Santa Cruz, CA, USA); pure 5-methyldihydropropane gumene maleimide (MK-801, which
is NMDA receptor antagonist; Sigma-Aldrich,
St. Louis, MO, USA); mouse anti-bovine taurine 5 monoclonal antibody (Millipore, Billerica,
MA, USA); rabbit anti-bovine p-PHF1Ser396/404
monoclonal antibody (Abcam, Cambridge, MA,
USA); rabbit anti-human p-AT8Ser199/202 polyclonal antibody (Invitrogen, Carlsbad, CA, USA);
rabbit anti-human p-12E8Ser262 polyclonal antibody (Life Span Biosciences, Seattle, WA, USA);
pure L-glutamic acid (L-Glutamic acid, Sigma-Aldrich, St. Louis, MO, USA); HPLC chromatography system (Waters, Polk, FL, USA); protein
electrophoresis system (Bio-Rad, Hercules, CA,
USA); golden disk multimedia image processing
system (Chengdu Gold Disk Electronic Technology Co., Ltd. Chengdu, China); SM600 automatic
microplate reader (Shanghai Wing Chong Medical
Devices Co., Ltd., Shanghai, China).
Experimental Animals
24-week-old Sprague-Dawley rats (SPF) with
a weight of 275-300 g were obtained from Animal center of Inner Mongolia Medical University
(No. 012). All rats were fed with standard rat
feeds, free to drink water. They received a daily
touch of habituation to a laboratory environment.
This study was approved by the Animal Ethics
Committee of Chongqing Traditional Chinese
Medicine Hospital Animal Center.
Experimental Methods
Principles of Animal Experiment
The experiment was conducted according to the
American Medical Research Association’s “Principles of Experimental Animal Processing” and the
American Society for Science and National Institutes of Health “Guidelines for the Use and Handling of Laboratory Animals”. The blind principle
was in double, and rats were fed in a single cage.
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Establishment of Animal Mode
The well-developed Sprague-Dawley (SD)
rats, which were selected, weighted about 300 g
and could move freely without significant deformity. The rats were fed in a cage according to the
ratio of female:male=1:2. After keeping the cage,
the researchers needed to use a cotton swab every
day to wipe the female vagina using the vaginal
semen smear test; if it was positive, the day would
be recorded as the first day of pregnancy, and for
high nutrition of the feed for feeding.
After that, researchers should touch the female rat’s abdomen daily and check whether the
abdomen had a swollen pregnancy continuously.
If there was no uterine bulging phenomenon for
ten days in a row, it could be considered a failure
for the conception process of the female. 18-dayold pregnancy SD rats were used to make animal
model, in accordance with the operation steps
of the references1-4: 1) Animals were weighed
with a balance. 2) 1 mL/100 g 3.5% hydrated
chlorhexidine was injected in the tail vein. 3)
Animals were fixed with supine on the mouse
board. 4) 5% iodophor disinfected abdominal
skin twice. 5) Pregnancy uterus was exposed via
the lower abdomen median incision under aseptic
conditions, so as to observe live births within the
intrauterine bilaterally. 6) Small artery hemostatic forceps were placed in the medial at the upper
and lower ends of unilateral uterus, respectively.
The occurrence of fetal rats intrauterine distress
was due to uterine and placental circulatory disorder, reperfusion would be achieved after the
removal of the artery clamp in the time required
to achieve ischemia, and then fetal rat should be
put back to the uterus and close the abdominal
cavity by layer. SD rats were returned to the
cage for feeding until full-term pregnancy and
re-anesthesia laparotomy; newborns were delivered via cesarean section. Note: uterine arteries
were clipped with a special micro non-invasive
vascular clamp. 7) After cesarean section, newborn rats were routinely kept in a warm box, and
then stroked and weighed daily, fed for 4 weeks
until the swimming ability test; those who cannot
swim or move normally should be screened out.
Experimental Animal Grouping
Factorial design was done for each rat with
two management factors, namely FIUD treatment and GluR antagonist [including injection of
saline, NMDA receptor (N-methyl-D-aspartic acid receptor) antagonist MK-801, AMPA receptor
(α-amino-3-hydroxy-5-methylisoxazole-4- propi-
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onic acid) antagonist DNQX (6,7-dinitroquinoxaline-2,3-dione)]. Based on this, rats were divided
into 6 groups with 8 rats in each group.
Detection of the Spatial Cognitive
Ability of Experimental Rats with Morris
Water Maze Video Analysis System5
After all the fetal distress treatments of the
mother who delivered newborns, and when the
newborns grew to 12W, Morris water maze test
process began. Morris water maze forced rats to
swim so that they learned to find an experimental
platform submerged in water. Morris water maze
played roles in evaluating the spatial learning
and memory abilities of the tested animals in
the spatial direction. Morris water maze system
contains Morris water maze main part, video
capture of the memory card, and CCD acquisition
data of the camera. In Morris water maze, the
water depth was 42 cm, the temperature of the
water pool was about 23-25ºC, and a platform
was placed 2 cm below the surface of the water
with a diameter of 8 cm and a height of 40 cm.
At the same time, Morris water maze had four
quadrants, and turns were used in accordance
with the experiment.
Materials
The hippocampus of rats was removed within
24 h after the end of the Morris water maze test.
The specific procedures are as follows: the experimental rats were fasted for 8 h before exercise,
drunk freely, and received intravenous injection of
1.5 g/kg 20% animal anesthetic. Urea ethane was
applied for anesthesia, and the experimental rats
were sacrificed at the same time using a homologous rat-headed guillotine, followed by craniotomy.
Finally the whole brain of the experimental rats was
removed. After removal of diethyl pyrocarbonate
(DEPC) above the ice and the full absorption of
brain tissue blood, the rat bilateral hippocampi were
isolated. The left hippocampus was weighed and
added with 1 mL of methanol-water and homogenized at low temperature, and then a portion of the
homogenate was taken out at 4°C and centrifuged
at 12,000 mg for 15 min. Subsequently, the supernatant was removed, and the filter treatment was
performed. The ippocampus tissues were placed at
-80ºC refrigerator for preservation, and the specific
content of glutamic acid was measured. The hippocampus tissues on the right side were placed in

a 10% paraformaldehyde at 4ºC for three days and
then subjected to a dehydration treatment. Next,
the tissues were embedded in paraffin, and subjected to a slice treatment (thickness of about 1
μm). The immunohistochemistry was performed
by immunohistochemistry-streptavidin-peroxidase
(IHC-SP) and chromatin.
Detection of Glu in the Hippocampus
with High Performance Liquid
Chromatography (HPLC)6
Well-prepared SD rat hippocampi received
homogenate with supernatant. 18-ODS column
temperature was 35ºC. The mobile phase was
filtered through a 0.45 m microporous membrane
and degassed by ultrasounds. The flow rate was
1.0 mL•min-1, the excitation wavelength was 250
nm, the emission wavelength was 410 nm, and
the Glu peak area was quantified. Amino acid
standard solution was prepared by Glu standard
dubbed, 100 μmol•L-1 standard solution, and pretest dilution. Derivation and analysis: 100 μL
standard solution or tissue sample solution were
taken using an EP tube, and 100 μL derivatization
reagents were added for reaction for 2 min after
the injection of 20 μL reagents. The Glu standard
curve was established with Glu standard solution
at a concentration of 0.15 mg/L, 0.30 mg/L,
0.735 mg/L, 1.47 mg/L, 2.94 mg/L, 3.675 mg/L,
5.88 mg/L. After derivatization treatment, the
external standard method was adopted for quantitative analysis. Glu content in the hippocampus
was determined by thawing of the hippocampal
homogenate supernatant, addition of frozen formic acid (1 mol•L-1, 2 mL), and homogenizing
under ice bath. The homogenate was centrifuged
at 4°C and 7000 r•min-1 for 30 min. After that,
the supernatant was taken at -20ºC, and 1 mL
brain tissue homogenate supernatants was added
with 0.75 mL 4% sodium bicarbonate solution for
centrifugation at 4ºC and 3000 r•min-1 for 5 min.
Subsequently, the supernatant was taken out and
placed into 0.45 μm filter for sub-packaging. 24
μL packing solution with 960 μL sodium tetraborate buffer (pH 9.18) were added at 20ºC for 3 min
after the injection, followed by gradient washing.
Finally, the Glu content was determined.
Detection of Tau Protein Expression
in Hippocampus in Rats by IHC-SP:7
Tau Protein 5, p-PHF1Ser396/404,
p-AT8Ser199/202, p-12E8Ser262
Firstly, samples were pretreated. They underwent conventional dewaxing and hydrated with
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ethanol, followed by rinsing with distilled water.
Then, the tissues were immersed in 0.01 mol/L
phosphate-buffered saline (PBS) solution for 5
min, and dipped with 3% H2O2 for 15 min. After
that, 0.01 mol/L citric acid solution was added
for reaction for 20 min, and then the tissues
were cooled at room temperature for 20 min,
followed by incubation using 10% sheep serum
for 15 min. Secondly, antibodies were added
for incubation. 50 μL corresponding antibodies
(mouse anti-bovine tartin 5 monoclonal antibody,
rabbit anti-bovine p-PHF1Ser396/404 monoclonal
antibody, P-AT8Ser199/202 polyclonal antibody,
and rabbit anti-human p-12E8Ser262 polyclonal
antibody) (diluted at 1:400) were added for incubation at 37ºC for 120 min. 50 μL of IgG working
solution were added for incubation at 37ºC for
25 min. Subsequently, 50 μL streptavidin were
added for incubation at 37ºC for 25 min. Thirdly,
samples were stained. DAB solution was added
for 5 min of color development, followed by rinsing with 0.01 mol/L PBS. Fourthly, pictures were
taken after color development, and the analysis
was performed (with 0.01 mol/L PBS solution as
the negative control).
Statistical Analysis
Measurement data were expressed by mean
± standard deviation (SD) (` x ± s). SPSS 20.0
statistical software package (IBM, Armonk, NY,
USA) was used to test the variance of the sam-

ples. The test results showed that the variance
was uniform. In this study, the factorial variance analysis method was used to analyze the
interaction effect and main effect of each factor. Comparison between groups was conducted
using one-way ANOVA (Analysis of Variance)
followed by Least Significant Difference (LSD).
p<0.05 or p<0.01 represented that the difference
was statistically significant.

Results
Comparisons of Learning
and Memory Scores with Morris
Water Maze
Fetal intrauterine distress-induced ischemia
and hypoxia (F=20.077, p=0.000) and glutamate
receptor antagonists (F=9.301, p=0.000) might
cause learning and memory dysfunction in rats,
so as to avoid prolonged latency. Besides, the
space exploration time was shortened, but the
effect of the two intervention factors was attenuated (escape latency: F=112.365, p=0.000, glutamate receptor antagonist: F=22.184, p=0.000, and
space exploration time: F=110.565, p=0.000). This
indicates that fetal distress-induced ischemia and
hypoxia and glutamate receptor antagonists are
superimposed, and the degrees of learning and
memory impairments are significantly reduced
(Tables I, II).

Table I. Comparison of learning and memory scores of Morris water maze test: EL(s) (–c ±s, n=8).
Groups
Saline
MK-801
		
Blank
36.92±5.23
61.07±6.20
FIUD
90.99±11.72
49.02±6.31
Sum
63.95±29.25
55.00±8.66
F
147.713
14.815
p
0.000
0.002

CNQX

Sum

F

60.57±7.36
46.86±4.64
53.72±9.24
19.833
0.001

52.85±12.99
38.030
62.29±22.15
74.617
57.57±18.58
9.319*
20.077*
(F=112.365,
0.000*	 
p=0.000)#

p
0.000
0.000
0.000*

*The F-value and the p-value of the main effect; #The F and p-values of the interaction effect.

Table II. Comparison of learning and memory scores of Morris water maze test: SET(s) (–c ±s, n=80).
Groups

Saline

MK-801

CNQX

Sum

Blank
FIUD
Sum
F
p

30.11±5.05
11.20±2.29
20.66±10.47
92.633
0.000

11.83±1.97
17.54±1.97
14.68±3.50
33.178
0.000

12.39±1.68
18.74±1.85
15.56±3.69
51.228
0.000

18.12±9.21
80.111
0.000
15.82±3.90
31.145
0.000
16.97±7.09
22.184*
0.000*
8.365*
(F=112.365,
0.006*	 
p=0.000)#

*The F-value and the p-value of the main effect; #The F and p-values of the interaction effect.
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Detection of the Content of Glutamate
in the Hippocampus with HPLC
Hippocampal glutamate concentration was increased after intrauterine fetal distress (F=280.157,
p=0.000). Two experimental drugs (NMDA receptor
antagonists: MK - 801 and CNQX) in the rat hippocampus exerted no apparent effects on the glutamate
concentration (F=0.098, p=0.098). There was no interaction between fetal distress and glutamate receptor antagonist effect (F=0.391, p=0.391) (Table III).
Detection of the Expressions
of Tau5, p-PHF1Ser396/404, p-AT8Ser199/202,
and p-12E8Ser262 Proteins by IHC-SP
Tau protein positive staining was conducted
in the hippocampus of the cytoplasm, showing
a yellowish brown granule (Figure 1). Protein
expressions of p-PHF1Ser396/404 p-AT8Ser199/202 and
p-12E8Ser262 in the rat hippocampus are shown
in Figure 2-4. Fetal distress-induced ischemic
hypoxia and glutamate receptor antagonists did
not significantly affect the expression of total
tartar protein in the hippocampus of the test rats:
Tau 5 protein-IR positive cells (Glutamate receptor antagonist: F=0.000, p=1.000), and absorbance of Tau 5 protein-IR positive cells (F=1.396,
p=0.244) (FIUD: F=1.600, p=0.213) (GluR antagonist: F=0.003, p=0.996). There were no adverse
effects of ischemia and hypoxia and GluR antagonists induced by intrauterine distress (Tau 5

protein-IR positive cells: F=0.033, p=0.967) (Tau
5 protein-IR positive cell absorbance: F=0.029,
p=0.970) (Tables IV and V).
Fetal intrauterine distress-induced hypoxia and
hypoxia stress could significantly increase the
expression of phosphorylated protein: IR positive
cells (p-PHF1Ser396/404: F=401.364, p=0.000) (Table
VI-VII) (p-AT8Ser199/202: F=4.186, p=0.047) (Table
VIII-IX) (p-12E8Ser262: F=319.378, p=0.000) (Table X-XI), and the absorbance value of IR positive cells (p-PHF1Ser396/404: F=214.581, p=0.000)
(p-AT8Ser199/202: F=339.750, p=0.000) (p-12E8Ser262:
F=199.612, p=0.000). The glutamate receptor antagonists could reduce the expression of phosphorylated Tau protein: the IR positive cells (p-PHF1Ser396/404: F=301.431, p=0.000)(p-AT8Ser199/202:
F=18.556, p=0.000) (p-12E8Ser262: F=135.178,
p=0.000), and the absorbance IR value of positive cells (p-PHF1Ser396/404: F=338.945, p=0.000)
(p-AT8Ser199/202: F=272.450, p=0.000) (p-12E8Ser262:
F=206.542, p=0.000). These two factors interacted
with each other: the IR positive cells (p-PHF1Ser396/404: F=36.743, p=0.000) (p-AT8Ser199/202:
F=12.463, p=0.000) (p-12E8Ser262: F=48.094,
p=0.000), and the absorbance value of IR positive cells (p-PHF1Ser396/404: F=17.658, p=0.000)
(p-AT8Ser199/202: F=37.745, p=0.000) (p-12E8Ser262:
F=18.514, p=0.000). Glutamate receptor antagonists postponed the hippocampus tau protein phosphorylation triggered by strong fetal intrauterine
distress-induced ischemic hypoxia stress.

Table III. The content of glutamate in hippocampus (μmol/gprot) (–c ±s, n=8).
Groups
Saline
MK-801
		
Blank
49.30±9.70
52.86±10.72
FIUD
169.534±32.04
158.66±28.98
Sum
109.41±66.15
105.76±58.56
F
103.119
93.688
p
0.000
0.001

CNQX

Sum

F

52.17±10.78
163.41±32.46
107.79±62.01
84.542
0.000

51.44±10.08
0.261
163.87±30.16
0.245
107.66±61.00
0.098*
280.157*
(F=0.391,
0.000*	 
p=0.678)#

p
0.772
0.786
0.906*

*The F-value and the p-value of the main effect; #The F and p-values of the interaction effect.

Table IV. The detection of Tau5 protein expression byIHC-SP (Tau5-IR positive cells) (–c ±s, n=8).
Groups
Saline
MK-801
		
Blank
184.87±35.01
187.12±36.39
FIUD
184.87±35.01
187.12±36.39
Sum
192.68±36.75
192.49±35.28
F
0.708
0.354
p
0.404
0.561

CNQX

Sum

F

187.87±33.89
187.87±33.89
192.62±31.03
0.358
0.559

186.61±33.59
0.015
186.61±33.59
0.015
192.59±33.69
0.000*
1.396*
(F=0.033,
0.244* 	  p=0.967)#

p
0.984
0.984
1.000*

*The F-value and the p-value of the main effect; #The F and p-values of the interaction effect.
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Table V. The detection of Tau5 protein expression by IHC-SP (the absorbance value of IR positive cells) (–c ±s, n=8).
Groups
Saline
MK-801
		
Blank
0.6377±0.1132
0.6398±0.1264
FIUD
0.6895±0.0981
0.6802±0.1057
Sum
0.6636±0.1058
0.6802±0.1057
F
0.954
0.480
p
0.345
0.499

CNQX

Sum

F

0.6465±0.1093
0.6786±0.1249
0.6625±0.1146
0.298
0.593

0.6413±0.1114 0.011
0.6828±0.1054 0.022
0.6620±0.1092 0.003*
1.600*
(F=0.029,
0.213* 	  p=0.970)#

p
0.988
0.978
0.996*

*The F-value and the p-value of the main effect; #The F and p-values of the interaction effect.

Table VI. The detection of p-PHF1Ser396/404 protein expression by IHC-SP (PHF1-IR positive cells) (–c ±s, n=8).
Groups
Saline
MK-801
		
Blank
36.62±3.06
15.62±2.06
FIUD
77.37±6.66
33.37±5.47
Sum
56.99±21.62
24.49±9.99
F
246.171
73.590
p
0.345
0.499

CNQX

Sum

F

14.87±2.02
32.74±4.70
23.80±9.86
38.727
0.593

22.37±10.55
205.491
47.82±22.01
162.388
35.09±21.37
301.431*
401.364*
(F=36.743,
0.213* 	  p=0.000)#

p
0.000
0.000
0.000*

*The F-value and the p-value of the main effect; #The F and p-values of the interaction effect.

Table VII. The detection of p-PHF1Ser396/404 protein expression by IHC-SP (the absorbance value of PHF1-IR positive cells) (–c ±s, n=8).
Groups
Saline
MK-801
		
Blank
0.1153±0.0097
0.0649±0.0047
FIUD
0.1693±0.0134
0.0887±0.0059
Sum
0.1423±0.0301
0.0768±0.0133
F
83.626
77.656
p
0.000
0.000

CNQX

Sum

F

p

0.0657±0.0055
0.0908±0.0051
0.0782±0.0139
87.427
0.000

0.0819±0.0249 133.338
0.000
0.1163±0.0392 205.690
0.000
0.0991±0.0368 338.945*
0.000*
214.581*
(F=17.658,
0.000*	 
p=0.000)#

*The F-value and the p-value of the main effect; #The F and p-values of the interaction effect.
Table VIII. The detection of p-AT8Ser199/202 protein expression by IHC-SP (AT8-IR positive cells) (–c ±s, n=8).
Groups
Saline
MK-801
		
Blank
42.87±8.47
21.87±4.11
FIUD
111.37±11.15
61.87±6.87
Sum
77.12±36.64
41.87±21.36
F
191.136
199.221
p
0.000
0.000

CNQX

Sum

F

p

20.89±4.08
57.24±4.45
39.05±19.22
289.013
0.000

52.68±31.59
35.102
0.000
76.82±26.15
112.670
0.000
52.68±31.59
18.556*
0.000*
4.186*
(F=12.463,
0.047* 	 
p=0.000)#

*The F-value and the p-value of the main effect; #The F and p-values of the interaction effect.

Table IX. The detection of p-AT8Ser199/202 protein expression by IHC-SP (the absorbance value of AT8-IR positive cells) (–c ±s, n=8).
Groups
Saline
MK-801
		
Blank
42.87±8.47
21.87±4.11
FIUD
111.37±11.15
61.87±6.87
Sum
77.12±36.64
41.87±21.36
F
191.136
199.221
p
0.000
0.000

CNQX

Sum

20.89±4.08
57.24±4.45
39.05±19.22
289.013
0.000

52.68±31.59
35.102
0.000
76.82±26.15
112.670
0.000
52.68±31.59
18.556*
0.000*
4.186*
(F=12.463,
0.047* 	 
p=0.000)#

*The F-value and the p-value of the main effect; #The F and p-values of the interaction effect.
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Table X. The detection of p-12E8Ser262 protein expression by IHC-SP (p-12E8Ser262-IR positive cells) (–c ±s, n=8).
Groups
Saline
MK-801
		
Blank
24.49±3.24
16.37±1.59
FIUD
59.12±5.37
29.74±4.02
Sum
41.12±18.37
23.05±7.50
F
242.483
76.253
p
0.000
0.000

CNQX

Sum

F

p

17.12±2.94
27.74±4.36
22.43±6.55
32.523
0.000

19.32±4.54
22.173
0.000
38.87±15.29
115.222
0.000
29.09±14.90
135.178*
0.000*
319.378*
(F=48.094,
0.000*	 
p=0.000)#

*The F-value and the p-value of the main effect; #The F and p-values of the interaction effect.

Table X. The detection of p-12E8Ser262 protein expression by IHC-SP (the absorbance value of 12E8-IR positive cells) (–c ±s, n=8).
Groups
Saline
MK-801
		
Blank
0.0881±0.0076
0.0460±0.0041
FIUD
0.1491±0.0134
0.0747±0.0081
Sum
0.1186±0.0331
0.0604±0.0160
F
11.402
77.367
p
0.005
0.000

CNQX

Sum

F

0.0488±0.0051
0.0731±0.0128
0.0610±0.0157
24.295
0.000

0.0610±0.0203 128.009
0.0990±0.0378 108.665
0.0800±0.0356 206.542*
199.612*
(F=18.514,
0.000*	 
p=0.000)#

p
0.000
0.000
0.000*

*The F-value and the p-value of the main effect; #The F and p-values of the interaction effect.

Discussion
Tau protein is a highly asymmetric phosphoprotein8-11. It can maintain smooth neuron axons,
and keep the proper distance between tubes and
normal axonal transport (axonal transport)12-15.
The super phosphorylation of Tau protein can significantly weaken its ability to stabilize microtubules, resulting in microtubule assembly disorder,
causing neurotransmitter transport and release of
obstacles, eventually leading to the dysfunction
and impairment of learning and memory16-22. Fetal distress (fetal intrauterine distress)-induced
strong ischemia hypoxia stress in most children
will result in learning dysmnesia23,24, which may
be related to glutamate system (glutamic acid system). Besides, this stress may be closely related to
dysfunction25, because it can cause the oxidative
stress reaction of many central neurons (oxidative
stress reaction)26-31, resulting in the long range
enhancement of the hair (long-term potentiation)
32
and nerve dysfunction. Glutamic acid is related
to learning, memory and other brain function33-40.
For example, the stimulation of glutamate can
lead to cell membrane depolarization and the
overload of neurons within the calcium, and
activate the corresponding neural circuits (phosphoinositide loop) and ultrastructure of neurons
of subjects, thus resulting in neuron apoptosis and

even death. Therefore, the increase in the strong
stress concentration of glutamate in the hippocampus triggered by fetal intrauterine distress-induced ischemic hypoxia stress results in Tau
protein phosphorylation, which in turn, causes
learning and memory dysfunction. Furthermore,
glutamate receptor blockers are able to stop this
process, and they have become the focus of many
researchers.
The results revealed that the Tau protein phosphorylation level was associated with cognitive
ability. Tau protein structure features a lot of
amino acid residues repeat area, namely the ProGly-Gly-Gly series “repeat” constitutes a combination of Tau protein zone, which stabilizes the
microtubule assembly, keeps an appropriate distance between tubes, and regulates neuron axon
transport capacity in the end. Under physiological
conditions, Tau protein phosphorylation can reduce the transportation efficiency of neurons axon, resulting in synaptic degeneration of neurons,
neuronal apoptosis, and cognitive impairment.
The results of the experiments are consistent with
those of the related research; strong fetal intrauterine distress-induced ischemic hypoxia stress
can lead to a significant rise in concentration of
glutamic acid in the hippocampus, which in turn
induces Tau protein in the hippocampus neuron
change excessive phosphorylation.
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Figure 1. The prediction probability ROC
curve of test sample Figure 1. Tau protein
expression in rat hippocampus by IHC-SP
(100 ×). A, Group S (2 mL saline injected via
tail vein). B, Group M (2 mL MK-801 is injected via tail vein, 5 mg/kg). C, Group D (2
mL AMPAR antagonists are injected via tail
vein, 5 mg/kg). D, Group SE (2 mL saline is
injected via tail vein +FIUD in that the uterine arteries of pregnant rat will be blocked
moderately for 10 min). E, Group ME (2 mL
MK-801 antagonists are injected via tail vein,
5 mg/kg +FIUD in that the uterine arteries of
pregnant rat will be blocked moderately for 10
min). F, Group DE (2 mL AMPAR antagonists
are injected via tail vein , 5 mg/kg + in that the
uterine arteries of pregnant rat will be blocked
moderately for 10 min).

Learning and memory impairment in neonatal rats post intrauterine distress
Figure 2. p-PHF1Ser396/404 protein expression in rat hippocampus by IHC-SP (100
×). A, Group S (2 mL saline is injected
via tail vein). B, Group M (2 mL MK-801
injected via tail vein, 5 mg/kg). C, Group
D (2 mL AMPAR antagonists are injected via tail vein, 5 mg/kg). D, Group SE (2
mL saline is injected via tail vein +FIUD
in that the uterine arteries of pregnant rat
will be blocked moderately for 10 min).
E, Group ME (2 mL MK-801 antagonists
are injected via tail vein, 5 mg/kg +FIUD
in that the uterine arteries of pregnant rat
will be blocked moderately for 10 min).
F, Group DE (2 mL AMPAR antagonists
are injected via tail vein, 5 mg/kg + in
that the uterine arteries of pregnant rat
will be blocked moderately for 10 min).
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Figure 3. p-AT8Ser199/202 protein expression in rat hippocampus by IHC-SP (100
×). A, Group S (2 mL saline is injected via
tail vein), B, Group M (2 ml MK-801 is
injected via tail vein, 5 mg/kg), C, Group
D (2 mL AMPAR antagonists are injected via tail vein, 5 mg/kg). D, Group SE (2
mL saline is injected via tail vein +FIUD
in that the uterine arteries of pregnant rat
will be blocked moderately for 10 min),
E, Group ME (2 mL MK-801 antagonists
are injected via tail vein, 5 mg/kg +FIUD
in that the uterine arteries of pregnant rat
will be blocked moderately for 10 min),
F, Group DE (2 mL AMPAR antagonists
are injected via tail vein , 5 mg/kg + in
that the uterine arteries of pregnant rat
will be blocked moderately for 10 min).

Learning and memory impairment in neonatal rats post intrauterine distress
Figure 4. p-12E8Ser262 protein expression
in rat hippocampus by IHC-SP (100×).
A, Group S (2 mL saline injected via tail
vein). B, Group M (2 mL MK-801 is injected via tail vein, 5 mg/kg). C, Group
D (2 mL AMPAR antagonists re injected
via tail vein, 5 mg/kg). D, Group SE (2
mL saline is injected via tail vein +FIUD
in that the uterine arteries of pregnant rat
will be blocked moderately for 10 min).
E, Group ME (2 mL MK-801 antagonists
are injected via tail vein, 5 mg/kg +FIUD
in that the uterine arteries of pregnant rat
will be blocked moderately for 10 min).
F, Group DE (2 mL AMPAR antagonists
are injected via tail vein, 5 mg/kg + in
that the uterine arteries of pregnant rat
will be blocked moderately for 10 min).
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In addition, the results manifested that,
among many Tau protein phosphorylation sites,
pSer199/202 loci of phosphorylation are closely associated with fetal intrauterine distress
stress. The experimental results indicated that as
Ser199/202 site is located at the junction of the Tau
protein in the area, Tau protein microtubules in
combination with the degree of phosphorylation
activity were selected. Glutamate is the most important excitatory neurotransmitter, which has
biphasic effect on learning and memory; it has
an appropriate concentration of glutamic acid
can properly excite Glu receptor within the appropriate neurons. This will promote learning,
memory and other brain functions normally.
However, if there are excessive generated and
released glutamates, glutamate receptors can be
over-excited, resulting in cognitive impairment.
The results suggest that fetal intrauterine distress-induced ischemic hypoxia stress can lead
to excitatory toxicity, and glutamate receptor
antagonists can alleviate glutamate concentration caused by the excessive rise of Tau protein phosphorylation. This improves the strong
stress, thus leading to the dysfunction of learning and memory, which is consistent with previous experimental results. Then, the mechanism
is needed of further investigations.

Conclusions
Fetal intrauterine distress-induced ischemic
hypoxia stress can cause excessive synthesis and
release of glutamates in the hippocampus, which
in turn induce excitatory toxic reaction and excessive phosphorylation reaction of Tau protein
in the hippocampus. This results impaired brain
function such as learning and memory. Glutamate receptor antagonists (including NMDA
receptor antagonist and AMPA receptor antagonist) can alleviate neuronal excitability toxicity
reaction induced by a high concentration of glutamic acids, slow down the excessive Tau protein
phosphorylation in the hippocampus, and eventually improve cognitive impairment caused by
the fetal intrauterine distress-induced ischemia
hypoxia stress.
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