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(FEZE] BRI AR R 5 0 5 A8 R RO B 1 52 i B 55 4 2% 200 LA 1% ik () Tl 8 T SR
TAEG -2/ bk -2,6- ZBERR A 3 (PFKFB3) MG R FiE  HF 56 JUIH i S fd Fe i SD K R BEHL 5 4 40
(n=14) : X 20 (Con 4. MEBEAELL (LPS A1), MEEEAE + MEARFIZF AL (LPS+SD ), MeBEiE + AR + iz
FEAMIR 3-PO ALFEZH (LPS+SD+3-PO 41 ), ME s 151 AR Z2 M8 (LPS ) 10 me/kg BN REAE K BUBIAY . LPS+SD 41
TFUHT LPS J5 24 h 4l FHBEIR S ASHEATRE IR 3 25 A0 38 ; LPS+SD+3-PO 20135 LPS J5 24 h 1144 3-PO 50 mg/ke,
Wil J5 (AT IR 5 A0 . VG LPS J5 72 h fFA T A R TR SE 46 Bt WO 10 G 2H 2 A4, P i G S 3 I
PRI (ELISA) K 20 2R FLIR (Lac), 5 P4 (ROS) B LTS MR IRFE T - o (TNF- o ), #1204 St s
AR (NSE ). N R & 1, I SR ZLIR / PYBR R LU A 5 LU kA i 4120 Na™-K™-ATP @i 1% 1 5 IR AR % - fHar
(HE) G4 ta W51 5 DO AR 5 85 1 ot O3 EINRSS: (Western blotting) il isiZH 21 PFKFB3 . PG/ NI 1 1
(20-1), RAGATREF T W Z R A 3 (caspase-3) AHXT RIAKFE. R 5 Con AL, LPS 4HHAR
SIFEEFEAS, 75 NSE , TNF- o FLIR / P4 Rl A 42N Lac , ROS iR 5 HL B B T 5, il 2141 Na™-K"-ATP
it v PE AL, IR 2H 20 PFKEFB3 . caspase-3 253k FE . Z20-1 235 T I8, ¥ 5 X0 240 0 4% B 25k, 5 LPS 41 4H
L, LPS+SD 2H 3 Wy 1A R 51 45 Sk — P AR ((39.4+£5.3) % 11 (54.5+7.6) % ), 1% NSE . TNF-« | SLER / 15
i) 22 L AEL B i 2 21 Lac . ROS, 1M 5 L i — 25 7+ 5 [ NSE (ug/L) : 3.21 +0.42 [ 2.554+0.36, TNF-« (ng/L) :
139.4+19.7 H 92.2 +13.5, FLERPI R HUAE - 29.7 5.5 £ 19.2 £4.2, Lac (umol/g) : 19.51+2.33 [t 11.34 +1.52,
ROS (kU/g) : 117.4+18.7 . 782+ 11.8, F 1 5 Ho 2 (81.3419.2)% Fb(64.3+6.6) % ), i ZH 41 Na'-K'-ATP fif 1%
It — 2 BRAK (mmol - L™ - h™' : 1.88 £0.34 £ 2.91£0.39), [l 41 41 PFKFB3, caspase-3 & ikt — 4 1§, Z0-1
23k 9 — T I8 (PFKFB3/ B -actin : 0.80+0.11 [t 0.45+0.07, caspase-3/ <actin : 0.71 £0.09 [t 0.37+0.05,
ZO-1/B -actin : 0.31 +0.05 ¥, 0.61 +0.08), 2= R ¥ A G T2 E X (3 P<0.05), HIG S X #h 2 4 AR B 3 2
L LPS+SD #fLt, LPS+SD+3-PO L AU I8 501 5 ((50.8 +5.9) % L1 (39.4 +5.3) % ), Ifi i NSE . TNF-
FLIR 7 DIERPR HUAE 22202 Lac . ROS . T EE L HH B B (IK L NSE(ug/L):2.60 + 0.33 H 3.21 +0.42, TNF- (ng/L)
103.7+18.3 1t 139.4+19.7, ALERPI AL LL(H - 17.4 £5.1 ££ 29.7+5.5, Lac (umol/g) : 13.68 £2.02 [t 19.51 +2.33,
ROS (kU/g) : 86.9+14.5 . 117.4+£18.7, T 5 k. : (67.7£6.9) % H. (81.3£9.2) % ), fiki 41 £ Na'-K'-ATP i
6 PE T (mmol L7 - h™' 2 2.824£0.44 L 1.88£0.34), il 41 21 PFKFB3 , caspase-3 3¢ ik T, Z0-1 ik I 4
(PFKFB3/B -actin : 0.50£0.06 £ 0.80+0.11, caspase=3/ B -actin : 0.43+0.06 It 0.71+£0.09, ZO-1/ B -actin :
0.52+0.06 £ 0.31+0.05), 2 5B G205 L (¥ P<0.05), B D X M2 40 j 20t ] Basiis, 4518 iR
FZF TN e RERE R BRURH 28 8 | 4 A rﬁnﬁt S 30m v 5 BE R A AA IR 5 3-PO LIETE%{U&WZ%&
i BRI 25 A LA P 78 e, ) ot 22 S AE RN A IR T, Rt A N D RE RS, 1A T 7T e -5 40 T W T A [v) L
fiti PFKFB3 45 .
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[Abstract] Objective To evaluate the effect of sleep deprivation on cognitive function in septic rats and
its relationship with neuronal glycolysis isoenzyme phosphofructokinase-2/fructose-2,6-diphosphatase 3 (PFKFB3).
Methods Fifty-six healthy male Sprague-Dawley (SD) rats were randomly divided into 4 groups (n = 14): control group
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(Con group), sepsis group (LPS group), sepsis+sleep deprivation group (LPS+SD group), sepsistsleep deprivation+
glycolysis inhibitor 3-PO treatment group (LPS+SD+3-PO group). The sepsis model was established by intraperitoneal
injection of lipopolysaccharide (LPS) 10 mg/kg. Rats in LPS+SD group were treated with sleep deprivation using a
sleep deprivation instrument 24 hours after LPS injection. The LPS+SD+3-PO group was intraperitoneally injected
with LPS for 24 hours, and then injected with 3-PO 50 mg/kg, followed by sleep deprivation. Novel object recognition
experiments were performed 72 hours after LPS injection. Subsequently, blood and brain tissue samples were collected.
The contents of lactate (Lac), reactive oxygen species (ROS) and serum tumor necrosis factor- a (TNF- ), neuron-
specific enolase (NSE), pyruvate in brain tissue were detected by enzyme-linked immunosorbent assay (ELISA).
Then, the lactate/pyruvate ratio was calculated. Na'-K'-ATPase activity in brain tissue was detected by colorimetry.
Morphological changes in hippocampus were detected by hematoxylin-eosin (HE) staining. And the protein expression
levels of PFKFB3, ZO-1 and cleaved caspase-3 were measured by Western blotting. Results Compared with Con
group, the novel object recognition index of LPS group was decreased, the levels of NSE, TNF-«, lactate/pyruvate
ratio in serum and the levels of Lac, ROS and dry-wet weight ratio in brain tissue were significantly increased,
Na'-K"-ATPase activity in brain tissue was decreased, the protein expressions of PFKFB3, caspase-3 were up-regulated,
7.0-1 expression was down-regulated, and the neurons in hippocampus were slightly degenerated. Compared with LPS
group, the novel object recognition index of LPS+SD group was further decreased [(39.4 +5.3)% vs. (54.5+7.6)%)|,
serum NSE, TNF- «, lactate/pyruvate ratio and brain tissue Lac, ROS, dry-wet weight ratio were further increased
[NSE (ug/L): 3.21 £0.42 vs. 2.55+0.36, TNF- o (ng/L): 139.4 +19.7 vs. 92.2 +13.5, lactate/pyruvate ratio: 29.7 +5.5
vs. 19.2£4.2, Lac (umol/g): 19.51£2.33 vs. 11.34 £1.52, ROS (kU/g): 117.4+18.7 vs. 78.2+£11.8, dry-wet weight
ratio: (81.3+£9.2)% vs. (64.3 % 6.6)%], and Na'-K'-ATPase activity was further decreased (mmol+ L™+ h™': 1.88 +0.34
vs. 2.9140.39), the protein expressions of PFKFB3, caspase-3 were further up-regulated and ZO-1 expression was
further down-regulated (PFKFB3/ -actin: 0.804+0.11 vs. 0.45 £0.07, caspase-3/ 3 —actin: 0.71 +0.09 vs. 0.37 =0.05,
70-1/B -actin: 0.31£0.05 vs. 0.61 £0.08). The differences were statistically significant (all P < 0.05). HE staining
showed that the degeneration of neurons in hippocampus was significantly aggravated. Compared with LPS+SD group,
the novel object recognition index of LPS+SD+3-PO group was increased [(50.8+5.9)% vs. (39.4£5.3)%], NSE,
TNF- o, lactate/pyruvate ratio of serum and Lac, ROS, dry-wet weight ratio of brain tissue were significantly decreased
[NSE (ug/L): 2.6040.33 vs. 3.21 £0.42, TNF-a (ng/L): 103.7 £18.3 vs. 139.4 £+ 19.7, lactate/pyruvate ratio: 17.4 +5.1
vs. 29.7+5.5, Lac (umol/g): 13.68 £2.02 vs. 19.51+£2.33, ROS (kU/g): 86.9 £ 14.5 vs. 117.4+18.7, dry-wet weight
ratio: (67.7+£6.9)% vs. (81.3+9.2)%], and Na'-K'-ATPase activity was increased (mmol L™ +h™": 2.82+0.44 vs.
1.88 2 0.34). The protein expressions of PFKFB3, caspase-3 were down-regulated and ZO-1 expression was up-regulated
(PFKFB3/B -actin: 0.50£0.06 vs. 0.80£0.11, caspase-3/B -actin: 0.43+£0.06 vs. 0.71+£0.09, ZO-1/B -actin:
0.52£0.06 vs. 0.31£0.05). The differences were statistically significant (all P < 0.05). HE staining showed that the
degeneration of neurons in hippocampus was significantly improved.  Conclusions Sleep deprivation could aggravate
neuroinflammation, neuronal degeneration and apoptosis in septic rats, resulting in destruction of blood-brain barrier
and cognitive impairment. 3-PO treatment significantly alleviate the injury and degeneration of hippocampal neurons
in septic rats, inhibit neuroinflammation and apoptosis, and improve cognitive dysfunction, which may be related to the
inhibition of glycolytic isoenzyme PFKFB3.
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T REAH AR I A — 2 4k e T RTAE Fh AL it
PR BT B AT 3 il 2 D RE R AR £ E , 5T
DARIRREAG | T PR BT sl IR A7 2 T s 28 A
PayTt s ZOBRRIE R AMEAYT BUESE R
J55 (intensive care unit, ICU) 5k PRI R 28 B 520,
2R L B B R PEAT NI P 0 (AN B R R <5 |
L B RIS ) 2

i PR 5 7, e i S8 3 77 i A O o 4
PG, KA AR | S LR LAE , HOKF 5
o E YRR AR AE S B IE A B AR AL
K T O R S W U -2/ SRBE -2,6- R R I 3
(phosphofructokinase-2/fructose-2 , 6-bisphosphatase 3,
PFKFB3 ) AHeA7 Wi 1 I 115k e 0 3 4, JHL o
b R T RO DR R R S R e W TR A A LR
FE AW, I R A5 W] 3 e 400 ) g o 98 1 22

A 2 BRI | 75 s R E A IR BT R 2k U R
( Alzheimer's disease, AD) & 7YA ERFHT A= /)N BRI A
3 i K2 B A P A N T E L T AW R PFKFB3
FEIR T O G B / B AL
PP R AR 23X JIg Z2 8 (lipopolysaccharide, LPS) 75
S0 e R K SN D RE A R ) K 5 e 22 2
i [7] T8 PFKFB3 5 .

1 #RAnAE

1.1 SER s Ko A« T T AR T SD KR
56 H{KH 280 ~ 300 g,9 ~ 10 JEHE , W T i RILFELE IR
AN F (s AT ES « SYXK (55)2018-0101 ),
TR 23 ~ 25 °C L1 45% ~ 60% T 1w P i
%1 G HNUE R PR RN 4 4 (n=14):
X R ZH (Con #H), M B9 2H (LPS 4H)., e F4E + i
W HZF 4 (LPS+SD 41), MeBEAE + BEAR 2125 + BEEE
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fiff 30 i 77 3-PO &b #E 2 (LPS+SD+3-PO 41). A fiff
FEI7 58 B I PR A E AR i DURIB R 27 i s 2 IR BE B A
P Bl oAt (IS« XGLY202106011),

1.2 A N gy A B . 3 MR R IR RS I R
FEST LPS 10 mg/kg 87 M #30E K BB AY . LPS+SD
KRR T 5T LPS Ji 24 b fiff i 0 AR 2 25 {3 (- 7AF
JORERZA ) ) 4T B R ) <5 A 3L, T2 ' R 1) <5 ol 3B
15 min, ¥ ££ 48 h, LPS+SD+3-PO 21 IF: 4} LPS J&
24 h TEIPBERERAD I 3-PO 50 mg/kg, BEJG 1 7 HE
MR R 5 A 38, Con 20 1 R 132 S5 45 R R = HH 56 I A
(dimethyl sulfoxide, DMSO ) ZARZE W

1.3 RiiFEds Ko

L3 RO SR < 155 LPS JF 72 h #EAT BT
YIRS . 0K 40 em AYIE TS PRI & by ) 4
FH RS S , S5 IR BRUBCA TS P AR
AP N 3 min g BEJSAEGIERA 2 ARy
5 em FONE 58 S3 1E 7R (JRIEE 10 em) 5 15 min 5kt
AN ES RS AL S em . 55 em AYEIHEM,
WEEFFILR 3 min WREXTHET (N, TH (F) PR Ag45
FRIN ] COR L PR i AR s S R <1 em THIG
THIF), IR B AR R e 2R . )
SHEE = (N-F)/(N+F) X 100%. A3 M 5E UG
il BB YA

1.3.2  FRZHZUTHRE O < B AR St o)
Je R BELIE I 4 HORCER, Sk JBUIR = HE DR, ok
AR 1 i 21 LR T K 53 PRI, B 1 ik 2H 2 T
70 CAHIRMEAR, 36 h G AR TH, A FRELL. +
MRH =115 /{2H X100%.

1.3.3 K220 B2 WA BT IR BRI S50 25 R
TR REALIE R 3 R BR, R Mk 1 5 2% 1B HE 22 Bl
3.5 mg/kg, 500 mlL 2 A= BEEL KV BE I W7k U
10% WSR2 , A B EL I D1 AT AR E - B
21 (hematoxylin-eosin, HE ) 44t /58 N WLELHE H X
HAURHA U

134 [ e il E: (enzyme-linked immunosorbent
assay , ELISA ) Kl VE 25 20 217 IR (lactate, Lac ). Jif 1
4 (reactive oxygen species, ROS) FLIE FREIRFEH
T - & (tumor necrosis factor- o , TNF- o ), f1 & J04F
5+ P M B AL B (neuron-specific enolase, NSE ), A ifi
MRt AR BENLI 4 HORE, Gk SHZH T, FHBERR
22 I (phosphate buffered saline , PBS ) it 114t
Fie 129 bl A A= # 1R K B A 1% (R FBUE H
B, 725321285 4 000 t/min (B0 12 em) B

L 10 min, YHE FIHHR, HO I AR L IR
FRAFEHLE 6 H K FRFIEHCH Bk L, 3 000 /min
(B02F12 12 em) B0 10 min JEUREE 1% , KR ELISA
TR G I A5 R A N ATRINRRT T AR 5 A6
HA Lac, ROS Fig ML TNF- . NSE. PIERAR &
i, THRENE LR / N ERER A

1.3.5 (ORI Na™-K™-ATP fif§ 1% ¥ . B ELISA
AR 2 R KRR 200 ul F/NELDAE R
FE5E I 45 20 B8 FH 42 BORRG B 10 A%, B JS AR Ui A
R S B i, 37 “C /KA 10 min, %3 T 6000 r/min
(BO2FAE 12 em) 3.0 10 min, WA FIWR 20900
AN RN E BEHAR, ZRIFE 30 min J5 H Ak
M Na™-K -ATP FE M.

1.3.6 EHFREEN IR (Western blotting ) K5l
PFEKFB3 ., 81/ 2 1 1 (Z0-1). 2460 B R AR
e SRR DR 2 FR R 1 T 3 (cleaved caspase-3) ik :
B AR ) S 5028 S AR REAILER 3 K U 2
21, AE UK & P B I SR A 1.5 mL 24
FI 1% PR B 1l A0 500 B B | 0 S U4 BT
W s A 1 mlL b FEZE oS &0 5 >R BCA 74
EHLVE W E s BUE 10% BERE , FEALINEE 20 pg,
HHL60 VALK 45 min JFH6 I, 5% AW IRIRE A 1 h,
1= 800 i B—Hi (52 [ Abcam 24 ), IKIRMFE 12 h
Jii PBS ¥E% 3 K, F- 8 T 1 : 6 000 FikR i) —HLiss il
HRIEIEE 1 h, (8 80 58 & i) (enhanced
chemiluminescence, ECL) {7, ImageLab V6.0 [§]1%
A PRER RGO, B - MIBhEH (B -actin) HINS
A, AR & AR EE S NS A K EE R
S W (ARG ek

1.4 Geit2#srt: K H SPSS 19.0 #4175 da 4t
Tte IESDMRITHRETORIIIE + bR (R +s)
FOR 0] R SR 2 22508, 2 I G LA
K H SNK-¢ ¥y, P<0.05 HERAG %3 XL,

2 % B

2.1 R AR R 2 G o e B E K BRI A7 | B i i
BB AN E (R 1) . 5 Con ZHAH HE, LPS 41587
YA $8 BRFAIC, 1L 7E NSE | TNF-o FIZLER / 1N
il /9% FE A B T (3 P<<0.05), 5 LPS AR [,
LPS+SD 4UBr A is U6 Bt — 2 FEAIG, 1M NSE
TNF- o FLA2 / IR LU ARLHE— 20T+ (3 P<0.05),
5 LPS+SD AL, LPS+SD+3-PO ZH # WA iR B 455k
Y 5 FH 5, L7 NSE . TNF- o FIFLER / TN R R FCAE
HH i PG (3% P<<0.05)



* 290 -

rhAefs FG afBE S 2023 4F 3 J1 465 35 45:%5 3 1 Chin Crit Care Med, March 2023, Vol.35, No.3

F1 BEXRIFYEIRFIEE R ME NSE.

TNF-o FIZEEERAREE L EREE (x +5)

i S R NSE TNF-o  FLERINER
(R (%) (ug/l) (ng/L) LUAf
Con 4 6 661183 1.76+023 345+ 6.1 85+27
LPS 4 6 545+7.6% 255+0367 922+135% 192+42°
LPS+SD 41 6 394+53" 32140427 1394+19.7P 2974550
LPS+SD+3-PO4L 6 508459 2.60+033° 103.7+183° 17.4+5.1°
P 15.330 18.140 48290 26710
P <0001 <0.001 <0001  <0.001

2 Con 20 X FRAL, LPS 41 i 22 4% UK 820 41, LPS+SD
2H g M T 0E + HEAR 2R 2, LPS+SD+3-PO 41K ik T3 4 + B IR )
2F + BRI E R 3-PO b HIZH 5 NSE i 28 e S VA B AL it
TNF- o HRRSEIN F -« 5 5 Con 414 L, *P<0.05; 55 LPS 41
HLL, PP<0.05 ; 5 LPS+SD ZHMI I, “P<<0.05.

2.2 HERFI G5 e B AT K UK ZH SO R fin o
i 7K e AR AR R (6 2): 5 Con2HAH E, LPS ZH ki 21
2 Lac, ROS T2 H BT+, Na™-K -ATP fiff
T PERER (34 P<0.05), 5 LPS 41AH L, LPS+SD 2 fixi
A Lac . ROS AR it —F+& , Na™-K'-ATP
il 1 P — 2 PR AR (24 P<<0.05 ). 5 LPS+SD ZHAH [k,
LPS+SD+3-PO £ i 21 2 Lac . ROS 11 i & k. B
AL, Na™-K"-ATP B& 4 5 7t 5 (3 P<<0.05),

K2 BAKXRBDALR Lac. Na-K*-ATP EiFE k.

ROS B TRELLEIELER (x +5)

o LY/ Lac Na'-K*-ATP [iff

- (R) (umol/g) (mmol + 17"+ h™)
Con 41 4 5.25+0.81 3.72+0.46
LPS 41 4 11.34+1.52% 2.91+0.39%
LPS+SD 41 4 19.51+2.33" 1.88+0.34"
LPS+SD+3-PO 4l 4 13.68+2.02° 2.82+0.44°
F1A 44.640 11.060
P <0.001 0.001

1l HILY/EAS ROS TR E

() (kU/g) (%)

Con 41 4 334+ 6.6 475+6.1
LPS 21 4 782+11.8°2 643+6.6%
LPS+SD 41 4 117.4+18.7° 81.3+92"
LPS+SD+3-PO 41 4 86.9+14.5°¢ 67.7+69°
F A& 25.970 14.440
P <0.001 <0.001

1 : Con 1A% HRAL, LPS 41 R g Z MU HEREAL , LPS+SD 418
IREFARE + BEIRFIZEL , LPS+SD+3-PO 4 M IREFAE + BEIRSIZ + 4
ARG 9 3-PO AbFEL ; Lac SHFELEZ, ROS MG ; 5 Con 414
I£,2P<0.05; 5 LPS 41, PP<0.05; 5 LPS+SD 414, °P<0.05

2.3 RS 2T B R A A U o 5 2 A
(P& 1): HE 48 7R , Con 211525 b 2 4 3 R G |
TSN, HEAR A0 M HED 4 57 B4 MR X 20 i
L2 [FIE , A UL A PR A 5 LPS ZHL I o 4 e A4, o
RN HESIRATL, B P 2 SO R, , v ok 40

W34 22 5 LPS+SD 41 #E AR 41 B i A [ 45 , TR A8 AR 5%,
JL S /D, A R IR 5 LPS+SD+3-PO 21 4
MIHESANRE | B S5 g, 35 70 A0 MO K ISP | 5 2250
T, JRi ] L s 4 i

1 OB P 4K BUE D H SURHISA MU W

(Con 41, A) g th X P2 ANA Y FVR e , HEFIHE Y 5 s ZHE3
MEFEAELL (LPS 41, B )i 25 X R 24U AHES SR , A5 Ak 20
MK IR M 5 edRaE + BEARRIZF4 (LPS+SD 41, C) i 5 X
P2 T A [T 45 L B SRUR Y ) K IS P 5 HERIE + I
RSHIZE + Pz 57 3-PO AbBHZH (LPS+SD+3-PO 41,D)
T T DX A 25 AT L HE S RATEC, 85 AU MK B AR R | TR
R - (HE)Yefa BfTiek

2.4 BEAREISTE s R BEAE X SN 2H ORI | N
PRI T (& 25 % 3) : Western blotting 455 {2
7, 5 Con 41AH L, LPS 417 & PFKFB3 . caspase-3
FB K VT8, 20-1 F ik KF-FEAIL (¥ P<0.05),
5 LPS ZHAH L, LPS+SD 4 th PFKFB3, caspase-3
FkAK P =T, 20-1 kK — 2 P AR
(¥JP<0.05). 5 LPS+SD 4 AH L, LPS+SD+3-PO 4
16 55 PFKFB3 . caspase-3 %% ik /KB 8 A, 20-1
FIRIRAF WG TR (¥ P<0.05),

LPS+SD+
3-PO4

PEKE — — G S—

T W

" T

Con ZH A XFHRZH , LPS ZH N AR Z WEERBEAE 2, LPS+SD 41
EEERE + BEHREIZFL , LPS+SD+3-PO 4 W IRERSE + FEHREZF +
WHRE AT 3-PO AL ; PFKFB3 JgWiiR S e -2/
SU0E -2, 6- ZHERRES 3, ZO-1 MBI/ IMERM 1,
caspase-3 N R R FRFE P A B AR 1 3,

B-actin 2k B- HLENE A
2 FEAFREEZELRIAE (Western blotting ) #4320
KBAEDLHL PFKFB3. Z0-1 J caspase-3 ik

f8kx  Con4l LPS# LPS+SD4
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*3 [|AKXREDHL PFKFB3. Z0-1

% caspase-3 tHXFRIEKFRILLE (x £5)
%L PFKFB3/ 70-1/

caspase-3/

|=]

415 (H) B-actin B-actin B-actin
Con 2 3 024+0.04 0.84+0.11 0.14+0.02
LPS 41 3 045+0.07* 0.61+0.08* 0.37+0.05%
LPS+SD 41 3 080+0.11" 031+0.05" 0.71+0.09"
LPS+SD+3-POZ 3  0.50+0.06° 0.52+0.06° 0.43+0.06°
F1H 28.340 21.670 45.170
P1H <0.001 <0.001 <0.001

T : Con 21y % HEZH , LPS 2 g Z WS UM #ERE AL, LPS+SD 41k
IREEAE + BEHRFIZFZH , LPS+SD+3-PO ZH M IREESE + BEIEFIZ + Bl
PR AT 551 3-PO AL HRZ ; PEKFB3 Sy i fR R Al -2/ b -2, 6- —
WRFRIE 3, Z0-1 R HAIBI/NIFRE [ 1, caspase-3 R A TR 2k
R FRIE [l 3, B-actin N B- WIEhE A ;5 Con 4HAHLL,2P<0.05;
55 LPS 41, PP<<0.05 ; 15 LPS+SD 4L, P<0.05

R .

JHe T WA R TCU f A PR AR B B =2
—, B By e RO R AL B R H S
LT IIREREG " BEAEOIE R, B T i
R B T RE T, A SO AR S AR
HIAS S TRUE , SR 1T MeEEAE F8 3 76 S HE 8 /2 A 1Y 1O
T IR BB S PR R | SRR A B
E—25 o T, 3 — QAR 78 e w1 3 AN (L
T 3 P M T A A - 2 e LR B W R ik g R
BT B REE AT AS K, 80T o 2548 2F b PRk 20 i
TG A0 I 30 Aol 1R W 2k A YR R AR A 4 R (A
TNF- o ) IE S B SH9 ROS TR i A0 I I8 1) 4
AR SR ) 5 Bt 154 TR T R, W TR A i
™ H TR 2 5 S 1 0, S 2 b R AL B 1R Ak
WD MFLIR T R R E L AL, ZL A SRR
DRANA L T PE T 20 AR 48 s 107 el B G , e A
e PR BRI R A4 25 L« ZEL 4 40 i R P B A P B
BRSO SRS IR TR [ 7 N R R
“RRIEF A =Y B IR | AP IR R R A S
BEBAR A K SR R 1, 7L LB 5
Y A A AR B L4 04, S T o0 B0 A S
AW S BT GY , S T 10 me/kg LPS 4
S TR E R R R 4 R, 5 Con A,
LPS 4 IfiL 75 NSE . TNF- o . FLER / V4 R R Lb (8 A0 i
HETROS, Lac J1Er, Na'-K'-ATP s P b & % 5%
1 20-1 FIKFEL, AT AHOCE I caspase-3
ik B AR R PR M ERAE K BRI R
iEE DR 1 5 i 20 2 0 e i 7K S T v L o B 3
Jie R FEAR A A 57 BT

M R e N AN T B e fr) AR A B B 22—, %of

GPEPTT | F i AR BN EEL, AT
VA R, IRIE 30 2 DL R ABER 2 23% A
it A [ 5, 2 B0 A A B [T HfE | e IR ) 00 25 L sl i )
BIE AR/ T ICU 3% R A B LAGE < 2 F
R A W KA A B A | T A M IR R 1 11 L £31)
B 50% , 3T 5 1E S M A I E S YA,
AN, BEAERIFIEHE 78 ICU PREEME A | 7406 I8 3
FRIRYT S ] B TP R R R AR A R R B
AR | A5 1 R AT 28, 3 B0 ) MR B AR D
A ERRAE AR, 9 B R = A e 5 e AR
ZEd £ T ARIR T YRR R R T i e
076 AR B i AL £T 18 P45 T B B 1ICU R
LRGSR, MR EIR R T RO R
B, B A S 251753 A I ) P w0 i 28 - o
BB, SO I AE P B2 40 B RD R A R A% | 21
TR EE TS SR RS, JEm 5 i
5 e 55 2 1 42 TR | M R 00 BRI T I A A i
AR A= FE ROS L A2 S M A R 7 1T IE S A5 i
HAX 1 28 22 55 90 E SR SN, T BOE LA 11 0
PR P R, BEIR RS ICU 1A%
AR W EMC ARG B A L A A
e RS 5 IR 22 PR3l IR B M 1F 1) 4 4, EL /M) I 4
SR IR IR . S SRR A T R
SEHR TENECIR SR, ICU B i 4% | MERR 45 5wk
ZFAR T, ST PR R Al R BRI 510 5%
i 52 INE | oo ARG A, A 17T AR B0 R S 0 B g
iR BEREAH IR M . LLAb , ASUEUZ i AR 9E & 2R,
FOGEURAN B0 5 A R AR ZE T I T PR AR 45
P, RO R PR 2L | R 4300, U ) FE AR
HEEAT R ), AHIFGESE SR R, 5 LPS A M, 22
3F B AR SR 25 40 B FS , LPS+SD 4 1L 75 NSE . TNF- o
FUZIZ Lac, ROS FH5, caspase-3 FKik | i TR HE
o TF s MR ZH 20 Na™-K -ATP B 1 . 20-1 635 K%
FIAR S B S R AR, B8 i AR ) 35 T ik — 2P
K LPS 755 () # 40 M AR P L R T, i o gk
$iE W AT ROS B8R, S50 o oG 57 B3R, IA N T g
BEAIR

TSR S e e f8 2 A MR g e R L,
RV BE AR M SR AR R f b 2 A8 A i e, 12 At T
I 3 1N 257 IR (] P ATP AR 3 %0 PFKFB3
SEVERE MR AR A R il > — , R A TR
S BRI M | | S 22l A R 2, 6- IR
TEWHA B LR 2 1l T SR AR 1 1% 35 M RN TR A



© 292 -

rhAefs FG afBE S 2023 4F 3 J1 465 35 45:%5 3 1 Chin Crit Care Med, March 2023, Vol.35, No.3

R RO SR R AR ek
WF5E K B, AL Ge v 2505 34 | FR A vl 3 2o 3 0 A Gt
L, P 42 B SAE SN, AT A 38 FH B A DA il
S 22 3-PO J& PFKFB3 B4R S/ N T35,
AT 5 JUH -6- B AR v 4 M 25 5 00 1T 0 S I A ot
Y BEALRFSE W, 3-PO AT W EME 2,6- —
AR SR S LR LR R, DA e R AR S A 5
T BB AR T 4 W B R S A A A SR T I B, ek
RN ITLR I / FERETE IR 0 AT RS T
WF9Y 2 8 I 1 5t 3-PO 50 me/kg 2, 59 R, 5
LPS+SD A I, 283 ¢ S PR ) 571 3-PO &b 2R,
LPS+SD+3-PO ZH IfiL 1 NSE . TNF- o . FLER / N R 2
FUAE M G412 Lac . ROS | caspase-3 FiA7K -5 11
T HFAIC, Na'-K -ATP BEE 1  20-1 ik Kop ik
UM FEECT 55, o7 20 200 0 7222 i J: s 4t W
B0 s M AR ) 25 ] SO T A A N o
JHETEAE HH X SR E S o7 AN 48U Ak 7 35, 2 TS 38 A
BERE IR . IA N T REA0 3 5 T 00 T A % i % ] 9 2%
e I 1 25175 5 100 L R I 2R PR 7 T v, s e 2 4
JHLAE P | G R A IS, DR A 61473

25 b A, B AR R 25 T B M AE K R 4 R
SE | 20 AR T AR T, 5 0 A S A PR DA
5 3-PO b3 AT I 2 A% MR B I KRRV T PR A
LB , P A 28 R AT T, B A 1)
RERENS , 2 A F T g 55 40 s e fi [5) T/ PEKFB3

PSS
RIBRZE A1 7 T R A 1R e
Sk

[1] Tauber SC, Djukic M, Gossner J, et al. Sepsis—associated
encephalopathy and septic encephalitis: an update [J]. Expert Rev
Anti Infect Ther, 2021, 19 (2): 215-231. DOI: 10.1080/14787210.
2020.1812384.

[2] Delaney LJ, Van Haren F, Lopez V. Sleeping on a problem: the
impact of sleep disturbance on intensive care patients: a clinical
review [J]. Ann Intensive Care, 2015, 5: 3. DOI: 10.1186/s13613—
015-0043-2.

[ 3] Nalos M, Parnell G, Robergs R, et al. Transcriptional reprogramming
of metabolic pathways in critically ill patients [J]. Intensive Care
Med Exp, 2016, 4 (1): 21. DOI: 10.1186/s40635-016—-0094-1.

[4] So-Ngern A, Chirakalwasan N, Saetung S, et al. Effects of two—
week sleep extension on glucose metabolism in chronically sleep—
deprived individuals [J]. J Clin Sleep Med, 2019, 15 (5): 711-718.
DOI: 10.5664/jcsm.7758.

(5] Tl Bt ], ok B, 45 . ATt e o A2 T X Bz B 4] 25
YU R A DR I RE I [J]. TPARIRRI 2% L 2021, 41 (11):
1334-1337. DOI: 10.3760/cma.j.cn131073.20210811.01113.

L6 ] FLa2 . el P i e AU 228 98 1845 B i i Jo WA A4 D4 A O
WHFT [D]. rrd - INARR2: , 2017.

[7] Chiu C, Legrand M. Epidemiology of sepsis and septic shock [J].
Curr Opin Anaesthesiol, 2021, 34 (2): 71-76. DOI: 10.1097/ACO.

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

0000000000000958.
Nalos M, Parnell G, Robergs R, et al. Transcriptional reprogramming
of metabolic pathways in ecritically ill patients [J]. Intensive Care
Med Exp, 2016, 4 (1): 21. DOI: 10.1186/s40635-016-0094-1.
Tan CY, Gu J, Li T, et al. Inhibition of aerobic glycolysis alleviates
sepsis—induced acute kidney injury by promoting lactate/Sirtuin 3/
AMPK-regulated autophagy [J]. Int J Mol Med, 2021, 47 (3): 19.
DOI: 10.3892/1jmm.2021.4852.
Suetrong B, Walley KR. Lactic acidosis in sepsis: it's not all
anaerobic: implications for diagnosis and management [J]. Chest,
2016, 149 (1): 252-261. DOI: 10.1378/chest.15-1703.
Yang K, Fan M, Wang XH, et al. Lactate promotes macrophage
HMGBI lactylation, acetylation, and exosomal release in
polymicrobial sepsis [J]. Cell Death Differ, 2022, 29 (1): 133-146.
DOI: 10.1038/s41418-021-00841-9.
WIS, RE |, 250KEY | AF IR e I ERIT T I i Nef2/GPX4
5 - e R A AT D s R BRI D) RE RS [J]. e
FEEE AR, 2019, 31 (11): 1389-1394. DOI: 10.3760/cma.
j-1ssn.2095-4352.2019.11.015.
PR ARIES | A L 45 . R AR A BE IR < | 2 B 5 2%
W R 18 23 A B OCIRBHEZE [J]). ThARIRA TR 2 L 2017, 38 (4):
452-456. DOI: 10.3760/cma.j.issn.0254-6450.2017.04.008.
Lewandowska K, Matkiewicz MA, Sieminski M, et al. The role of
melatonin and melatonin receptor agonist in the prevention of sleep
disturbances and delirium in intensive care unit: a clinical review [J].
Sleep Med, 2020, 69: 127-134. DOI: 10.1016/j.sleep.2020.01.019.
B, BT ARKE A5 AL A0 A A ICU Y R
B PRI 3 IR P A LR (0. 7P R I R A R
2021, 28 (3): 339-342. DOI: 10.3969/}.issn.1008-9691.2021.03.019.
Killgore WD. Effects of sleep deprivation on cognition [J]. Prog Brain
Res, 2010, 185: 105-129. DOI: 10.1016/B978-0-444-53702—
7.00007-5.
Sun J, Wu JS, Hua FZ, et al. Sleep deprivation induces cognitive
impairment by increasing blood—brain barrier permeability via
CD44 [J]. Front Neurol, 2020, 11: 563916. DOI: 10.3389/fneur.
2020.563916.
So=Ngern A, Chirakalwasan N, Saetung S, et al. Effects of two—
week sleep extension on glucose metabolism in chronically sleep—
deprived individuals [J]. J Clin Sleep Med, 2019, 15 (5): 711-718.
DOI: 10.5664/jcsm.7758.
N BETT NS R S L HAE WO 5 1 5 R 24 h gk
HEE G 30 2 PR R S 2SR AR RIT S D], P AR fE T o 2B
=27, 2014, 26 (10): 726-729. DOL: 10.3760/cma.j.issn.2095—
4352.2014.10.010.
AU . BRFS . XU, S5 RG-S AR RSO0 e 7 Ak A B TR
A B A KO RE 2 ()], AR FE T Sopt R 2, 2021,
33 (5): 529-534. DOL: 10.3760/ema.j.cn121430-20200630-00514.
Obach M, Navarro=Sabaté A, Caro ], et al. 6-Phosphofructo—2—
kinase (ptkfb3) gene promoter contains hypoxia—inducible factor-1
binding sites necessary for transactivation in response to hypoxia [J].
J BiolChem, 2004, 279 (51): 53562-53570. DOI: 10.1074/jbc.
M406096200.
TRER AR GRS R EIRYT R AR IR A 1
I RATFZE [J]. o E e B4 2ok |, 2017, 24 (4): 359-363.
DOI: 10.3969/}.issn.1008-9691.2017.04.007.
WREEZR | RIS | SRS . B R R A KRR AE R 2 300 ) B Kk
AR IALHIBE TS nT AL AT (1. PP BE 4 5 SRRt
2022, 29 (3): 268-273. DOL: 10.3969/j.issn.1008-9691.2022.03.003.
Wang LN, Cao YP, Gorshkov B, et al. Ablation of endothelial Pfkfh3
protects mice from acute lung injury in LPS—induced endotoxemia [J].
Pharmacol Res, 2019, 146: 104292. DOI: 10.1016/j.phrs.2019.
104292.
JRIE . IR B AR 2R A2 [F) TR PRKFB3 76 ik SR AH D 1Y 2
PR AR IRFSE D] B - B E R, 2018,
Burmistrova O, Olias—Arjona A, Lapresa R, et al. Targeting
PFKFB3 alleviates cerebral ischemia—reperfusion injury in mice [J].
Sci Rep, 2019, 9 (1): 11670. DOL: 10.1038/s41598-019-48196-z.
(ki H 41 - 2022-07-05)



