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[Abstract] Objective To investigate the effects of high-altitude environment on cognitive function
and ultrastructure in CA1 region of the hippocampus of Wistar rats in sleep deprivation (SD). Methods
SD was induced in Wistar rats by employing "flower pot" technique. Sixty-four rats were randomly divided
into 2 groups: Lanzhou group (at an altitude of 1520 m) and Kekexili group (at an altitude of 4767 m), and
each group was further divided into 4 subgroups according to the time of SD (0, 1, 3 and 5 d). The
behaviors of rats were studied by Morris water maze test at given time points. The ultrastructure of
hippocampal neurons was observed by transmission electron microscope (TEM). Results 1) Compared
with Lanzhou group, rat behavior of Kekexili group presented excitement-irritation-suppression changes with
the extension of SD time, but the extent was weakened gradually, and time of sleepiness increased
obviously. 2) Compared with Lanzhou group, neurons in CAl region of hippocampus showed enlarged cell
body, disappeared nuclear membrane, shrunken nuclei and decreased organelle. End-feet of glia cells
sticking to capillaries swelled and ruptured, and the typical synaptic structure disappeared. 3) Morris water
maze test: as compared with Lanzhou group, the escape latency of Kekexili group prolonged (P < 0.05, for
all), the ability of distance exploration increased (P < 0.05, for all), and the times across plot decreased (P <
0.05, for all) in 1, 3 and 5 d of SD. Conclusions High-altitude environment may significantly influence
the cognitive function of rats in SD, and there was close correlation between the cognitive disorders and the
changes in the ultrastructure of hippocampal CA1 region.
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Figure 1 Transimissiom electron microscope (TEM) fingdings of neurons in hippocampal CA1 region of Lanzhou normal sleep group.
Lead acetate staining The nuclear membrane and cytomembrane were all intact. Nucleoli were distinct. Nuclear chromatin was
homogenous without aggregation. There were abundant organelles without swelling mitochondria ~ x 5000 (Panel la). The synaptic
structure was intact with normal spatium. The vesicle number was normal x 12000 (Panel 1b). Figure 2 TEM findings of neurons in
hippocampal CA1 region of Kekexili SD 5 d group. Lead acetate staining The cyton was obviously swelling. Nuclear membrane
disappeared and nuclei were shrunken. "Nuclear bag" appeared. The chromatin around nuclear membrane was obviously concentrated
and aggregated appearing as semilunar in shape X 5000 (Panel 2a). Synaptic cleft and mitochondrial crista fusion were not seen, and
synaptic vesicle was few. Typical synaptic structure disappeared x 12 000 (Panel 2b). Figure 3 TEM findings of neurons in
hippocampal CA1 region of Lanzhou SD 5 d group. Lead acetate staining The number of organelles was relatively decreased,
especially the rough surfaced endoplasmic reticulum significantly reduced. Vacuolation was seen in part of the cytoplasm x 5000 (Panel
3a). Neuron swelling could be seen. Cytoplasm density decreased. The nuclear membrane was blurred and the karyoplasm was
swelling. Perinuclear space was widened. Organelles decreased significantly. Mitochrondria was spherically swelling, and the crista was
indistinct. Rough surfaced endoplasmic reticulum was extended, and surface ribosome exfoliated. Serious neuroglial cell swelling with
mitochondrian reduction and crista fragmentation was seen. Some cells presented as vacuole x 12000 (Panel 3b).
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Table 1. Comparison of escape latency by Morris water maze test at each observation time among
different groups (x £, s)
SD
Group N Normal sleep F value P value
1d 3d 5d
Lanzhou 8 16.67 £1.50 24.18+5.17 34.19+4.72 41.43+6.78 39.045 0.002
Kekexili 8 20.05 +2.58 31.38+5.33 40.59 +4.46 49.69 +7.93 43.712 0.003
t value 2.834 2.742 2.791 2.248
P value 0.041 0.032 0.035 0.026

SD,sleep deprivation, HEHEF|2F . The same as Table 2-3

F2 A[RIALBEZH K R A% L 8] 55 Morris 7K 28 B 5256 Y Uk S FE A9 FE R (X 5, m)

Table 2. Comparison of ability of distance exploration by Morris water maze test at each observation time among
different groups (x £s, m)
SD
Group N Normal sleep F value P value
1d 3d 5d
Lanzhou 8 4.78+£0.78 5.88+0.61 7.62+0.83 8.91+0.52 55.372 0.001
Kekexili 8 5.72+0.82 6.67+0.59 8.73+0.81 10.20 +£0.82 55.207 0.001
t value 2.352 2.594 2.733 3.729
P value 0.031 0.037 0.024 0.008
F3  ONEVE LA B A WLLE T ] £ Morris 7K 28 B 5250 28 807 & UM LB (v =5, 1K)
Table 3. Comparison of times across plot by Morris water maze test at each observation time among
different groups (x £s, time)
SD
Group N Normal sleep F value P value
1d 3d 5d
Lanzhou 8 6.00+1.20 5.63+1.06 5.50+1.20 5.38+1.06 0.457 0.216
Kekexili 8 4.13+1.46 3.88+0.99 3.75+1.04 3.63+1.06 0.275 0.258
t value 2.811 3.414 3.135 3.308
P value 0.027 0.020 0.028 0.009
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ANEOAMMPLE  human leukocyte antigen( HLA)
NKGZEHIERRE  human immunodeficiency virus(HIV)
AR R HE human herpes virus(HHV)

UN T e a1

human umbilical cord-derived mesenchymal stem cells

(hUC-MSCs)
ANFLKRIE I human papillomavirus(HPV)
W prion protein(PrP)
WEEE FHR prion disease(PrD)
L REREHUE  epithelial membrane antigen(EMA)
LT M neural stem cells(NSCs)

P RYEBE  neuritic plaques(NPs)
[Z4BE  senile plaques(SPs) ]
PR A g LS neurofibrillary tangles(NFTs)
AT B AT 4 Life Satisfaction Questionnaire(LSQ)
WG quality of life(Qol.)
HRKMIKE1-43  growth-associated protein 43(GAP-43)
LALLM S>  Visual Analogue Scale( VAS)
HUEF  field of view(FOV)
Epworth FEEHE % Epworth Sleepiness Scale(ESS)
S A 1R T IR AEL ) 56
Controlled Oral Word Association Test (COWAT)
MEMRF]ZF  sleep deprivation(SD)

NP

I I IV WA 28 £ 2 5 11

sleep apnea hypopnea syndrome(SAHS)
W8 DR JE Bl #h 289528 diabetic peripheral neuropathy(DPN)
b BZ 13T 41
24 ATz IR R

The 2-Ttem Generalized Anxiety Disorder Scale( GAD-2)
THH Iz IR R

The 7-Ttem Generalized Anxiety Disorder Scale( GAD-7)
[7) 25 W 5z 28 5 A0 9 )

Paced Auditory Serial Addition(PASAT)
52— A 4 AR PPAN 1 R

Unified Parkinson’s Disease Rating Scale(UPDRS)
ST TR BE  transmission electron microscope(TEM)
o- Rl A% A
Zfil 5 P 95 post synaptic density 95(PSD95)
T filh AR SEE 111-25

synaptosomal-associated protein 25(SNAP-25)
P RN TR

Wechsler Adult Intelligence Scale( WAIS)
PR Ty ik R AE TR

Wechsler Adult Intelligence Scale-Revised( WAIS-R)
FIRICIZEFE  Wechsler Memory Scale( WMS)
RS H B T4

constructive interference in the steady state( CISS)

gradient echo sequence(GRE)

a-synuclein(a-Syn)



