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Effects of propofol on neural stem cells in mouse developing hippocampal dentate gyrus”
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[Abstract] Objective
(DG). Methods

To observe the effects of propofol on neural stem cells in mouse developing hippocampal dentate gyrus
Healthy 7 d old mice from the same litters were randomly allocated into three groups:high dose propofol group,
low dose propofol group and 10% fat emulsion control group. All mice were treated with drugs on postnatal 7 d. The mice in high
dose propofol group were intraperitoneally injected with 60 mg/kg propofol;the mice in low dose group were intraperitoneally injec-
ted 30 mg/kg propofol;while the mice in the control group with equivalent volume of 10% fat emulsion. Some mice were sacrificed
at 24 h after medication injection,and the others were sacrificed at postnatal 14 d. The morphology and expression levels of Ki67,
Nestin, BLBP and NeulN in hippocampal DG were detected by immunohistochemical method. Results Healthy 7 d old mice from the
same litters were randomly allocated into three groups: high dose propofol group,low dose propofol group and 10% fat emulsion
control group. All mice were treated with drugs on postnatal 7 d. The mice in high dose propofol group were intraperitoneally injec-
ted with 60 mg/kg propofol;the mice in low dose group were intraperitoneally injected 30 mg/kg propofol; while the mice in the
control group with equivalent volume of 10% fat emulsion. Some mice were sacrificed at 24 h after medication injection,and the oth-
ers were sacrificed at postnatal 14 d. The morphology and expression levels of Ki67, Nestin, BLBP and NeuN in hippocampal DG
were detected by immunohistochemical method. Conclusion High dose propofol inhibits the proliferation of neural stem cells in
hippocampal DG, and impaired the prominence number of neural stem cells and causes neurons dysmaturity.
[Key words| propofol;stem cells;hippocampus

PIIA T R S A o R T L JE 88 BN RN /D U2 T S A I TR 3 B % 2 & /0 BRI T 44 R 18] T 4

%“Hic,éiJfllmF“JL*ﬂr&F&ﬂ!ﬁ%*ELﬁ??ﬁJ A SR, B
O 8 22 1 W PR L 456 2 T 2 &)y JL AR ) DA T T RE k78 5 4 B R T
YR VIR . LI BTSSR S A B BRI 25 W) R E
BT 2 BE A T8 75 10 2 P T 9% i JEG R A L 1 2R W
il SCHRAR T8 W S 0 R [ 2 77 5 LA DA 00 D B 5 A O L T
TJ?(IEIWJIEQIHHWEF%&EE%* Wtk 8165 4 B R 25 TN
S(ER P 1J‘H"’(’@E5Jﬂkl§ﬂ:ﬁﬁ3ﬂ@1_WUE’HI'WHZIW\%DIJJ
Féﬁx‘?ﬁzr;e AT I8 40 R PR TH M0 Ak B2 /N R 3 3o 922

* EEDH:EKARFEIEES RN H81370210),
{E1E& . E-mail : 13708385559@163. com,

I )55 W o B PR T R W R B /N BROR S A H B R R AL

1 #RE5FE

1.1 FZAH WA E Astra Zenenca 23 & . 10 %6 ig i 5l
g B Fresenius Kabi 24 & . 2Pt Ki67 W B Thermo 2\ &l , R PT
H A (Nestin) Il H BD 2 &), 535004 I 45 & 5 H (BLBP) &
P2 ICHZ.O B R (NeuND) ¥ 5 Milliproe 23w . 49 R AL $T
R BL AR =HMW B Invitrogen 24 7], 1 @K & DAB W 5 4t 5
AN T TG B cy3 Pt (488 L FI A Jackson AT .

EEBA RmMEA982—) W4, BIEEN, TN F R FEE. & &



3760

1.2 SEE 5k

1.2.1 Y50 E AUIRSIYLREE =ZFEREZHYE
W RS IR B A S 52 B 2L TR R SE B [ K LA Rl )
SEHREN (2011 WO BEAT - BIFSE BT A £ R CS7BL/6] I ™ 22 B
B = FEERERFER IRy PR NR A BT E
BEYWHUK, EFBERERE ., MAFERAERE2 CAA ., MR
A HACh PO AR 7 AP R /N B IR B AL & 7 2 43
3 A AR A TR A T AL AR T T T A 4 10 06 i i FL
MR,

1.2.2 ZWpAb Bl BEAC IR 2 o & R B /N BUR
fie % T RY . I TR AR LR S I I 100 R WAL .
DN IA B 2 1 s T S T IA Y 60 mg/ ke, A% 0 RPN A M 4 0
CEGT PRI By 30 mg/ke. 1026 fig 17 3L %F I8 20 08 0 i 5 4 4R FR
10% g Wi 3l . SIS ¥/ BUE T 37 °CHE i 7 A O R A
L AR /N BRURR 8 R S R [0 B BRUJE . TR 25 24 h S (P8) R BB
53/ BAR B A A< oA/ B 97 28 14 d(P14) 4b B8 4K UK
I HRAS o

1.2.3 HREAgibs P8 /NRGE 46 AL 38 ; P14 /N LA
160G B b 22 40 (50 mg/kg) I M 1 4T R B, 4 22 0 0 T
0.9% AR K L) 50 mL J5 , S HEETR M 4N ZRPEY
100 mL, ¥ 4 52 56 J5 W7 3k , W4 K bi A FHBT B 1) 4 %0 2 R H
P [ A2 24 h B S SR 30 Y0 JE R I DG K L 15 38 4 K
OCT )5 F 3R K EILY A (10 pm) , I H B FHR AR+
—20 CHRAF. W AER A I 0. 01 mol/L PBS ¥k 5.
3% H,0, %R AL F 20 min. 0. 01% PBS ¥t J5 3 #1 F 0. 3%
Triton X-100 1, & F 37 CHFAEMFE 30 min, 3% BSA £ X
N1 he AR AN AE A —H LAEW bt Ki67(1 = 500) ) BLBP
(1:500) ¥t Nestin(1 = 200) & NeuN(1 : 500),4 CHEH it
W 0.01%PBS & ¥k J5 BLBP Jin A AR i % 1k ¥ B 45 i 1
488 FHL B TgG(1 : 200) ; Nestin Il A BRAR 3 01k 97 B b 12 199
Cy3 I IgG(1 = 2000 Ki67 fin AE Y R AT e —H1 (1 =
500) s NeuN A B R BT B = Hi (1 = 5000, 7E 37 CIgdE
2 h, BLBP,Nestin fj§ PBS ¥t )55 DAPI F i T X 1 min,
VRIS B B Bk v b RO T R B T KR S B R

FTHRES 201749 A% 46 K% 27

Ki67 ,NeuN £ PBS 5 7E 37 ‘C 5 SABC /2 i 1 h,DAB &
AR MR BT A B A R
1.3 SEil24b ¥ R A SPSS16. 0 17 B4 ge il 4 7. 31 &
ER L T s FOR R RI AL IA] H R BB R 2 22 43 A A1 18]
W ZH LBk LSD )G/ 55, Lh P<C0. 05 A 22 KA Git
2 & £
2.1 EFIRETIAE I P8 /N B T 0 bk (B P 2 T 40K Y
WETH R T4 M3 B A OC B9 A LR AR IC W K67 A I DY 5k
P8 /]N B P bR ] v bl 28 T 400 Bl 19 52 i (Il LA~ B 2
UL R WK K67 AR id i HL A B 5 T Re 0 4 T 40 e 3=
BT T T4 IR B o 0k 40 M2 . 3 41 Ki67 FH M40 i g
e SRR T = = 1| - SIS 7 = s R NI CT BT A i = <)
K67 BH P 41 0 250 8 4 41K 370 42t 79 90 M 4 10 26 g Ui 2L % R 40 0k
D HZFHGFE L (P<<0.05), WK 1G, &) & 7 i
AEBRALS 10 % i i 2L X BE 2 f) K67 FH M 20 B0 R L 2 R
(P>0.05),
2.2 PUIAER ] P8 /N BRUE W B4 R[] Py A 22 T A0 B 1Y B
H# & T Ao Nestin Z&—Fh R 22288 H H . 2
P2 T A0 A 0 R I A 0 5 TR B B A 0 S bR R I A i i 5
. R SE M Nestin W45 P90 B %F P8 /N R g 5
AR AL 2 T4 S (B 2A~F), TR gs REW . & X
TSI B0 2E 78 T U IR 8] o Nestin B2 40 g 552 4 10 %6 18 105 3,
Xof He% 2 AR ) £ N VA R 2 W 3 0 /b (P<0. 01D, ILIEL 2G, )
% B0 F T I 41 Nestin BHE 40 282 1 902 40 .
2.3 WIAB X P8 /N BRI T A7 bR Tl P e SR S5 4 Bk ) R
SRe FH RS R J5E J55 400 0 2 R 1) R S R A 12 9 BLBP A& 96
B %o P8 /N BRI T U bR [ o e 22 40 A A A B e (P 3A~
By, Sy ae e g e Wos - 5 A 45 90 B 413 B 15 IR [0 o BLBP
PH P 240 Wi 515 5 10 6 Mg i L %ot R 2L RIARE 390 42 79 90 T & S 3 O
A (P<C0.01), WLl 3G, HLBCHIR B2 5T 4t Jfl 1) 1< 28 A 52 401 4 1
5T 510 %6 Jig I Lok B AL A B A o A0 70 o= 791 9 T Ak 3 401 S0 0
22 31 1y 45 4R 51 BLBP BH 1 40 M6 80 5 R e 5 40 i i 4 58

2.

L P<C0.01, XA A ¢ - P<<0. 05, 5L 4l i
1 WEBX PS/IREDHREFHETHMEENIE(TLs,n=>5)



FRIESF 2017 %9 A% 46 5% 27 B

* L P<C0.01, XML b *  P<<0. 05, 55 i 4 Lh 3%
& 2 AHEB PSR ESEREFHETHBHEERREN M (TLs,n=5)

* . P<C0.01, 5 X B4 L4 s - P<<0. 05, 5Kl 4l b4
& 3 AT P8 /N 8 D54k [B] A Al &1 1K B B 48 B Y &

: :P:f::‘o.f‘ll-'i%ﬂﬁiﬂktii
B 4 R P4 /NRBEEREAEAMETHHIE (TLs,n=75)

2.4 EAIENIAB G P14 /N RO AR R A T AL 25 5

W% NeuN BERSHF S MEARICRAM 200, @diFh P14 3 39 it

7N BTEE S 14 0K 8] NeuN FH 1 40 i 2 2% b G I PN 9 9 %) B oK 8 22 119 3l 5 6 3 T Ml i T O B S 4 i 2 B R
7 BETEE S 147 R 8] A i 22 T8 OB Y R I (BT 4A~TF) . e 414 T 245 49y 2 ok A 77 £ VA B A L O T B4 L MR IS 1 B A S B
A 27 235 2R O 30 0 ok DO B AL i 1 DR 18T NeuN FH 1 46 8. i IR [ B OF 50 R /N T 3 8 B gl L B 4 ik 42 B

Bt B 1020 i 107 74T BRAL 8 3508 (P<<0. 01) , WLl 4G, Hik JREEZG W) 7T B2 3 809 ) iC e M R R AN T 2 &




3762

By LA el P O B 2 RRBE 2 AR 19 % Z 12 Wi = T B B
8 B BT RS R Y 2 50 BRAETR R R B LAR G
o] AR GWHRE R AR RS S SR R EL —
i S R

PRI DR RR 15 S A A b L O PR G LG B RS ORI
A A A BN I R 7 BE AN JLBE T A IR P g5 4 B R 2
WZ—. BRAEHESEUESE T I0 Ml 5 GABA 32 452 i) fisi Py 41 it
TR T B N R Rk AR T TR R AT B g e A 2R 4l L AE &
BRI Y SN e Ar 2 M B R S R™ . i Star-
gatt Z (1 RSN B 52 46 9 10 B 2 51 B4 L AT O A )
B R 2 2 — 5 Wilder 2657 i 55 22 WA 2 40 L3 46 A 79 9 )
e 305 W24 2T B f . 0 B AT JE 0 5 R A 9 4 A AL A AR AL
W) 2 BEAE 22 A s B 40 L 0 & 2 30 4 L AT O S5 8 TN
[ER T

A B RREE 2G5 R S BB R R RO IE D EEM
25 (6] 7 18] 3 32458 2 2] FE A2 7 52 38 (B 3L % R BILAH oA B A
WEFE R L e ¥ 2 T BE Y 21 22 R 25 B 0 S S50k T IX 14 4R
[ H b 28 A M A R TR 2T i R T AR R
H0 v I 1R [l o 40 Ay SR IR B T 4 (radlial glial cells,
RGCs) , 5 KM f 5t 9 19 RGCs 26 8L, ¥ S 145 4K [l p 1) RGCs
Sy FLAG A PR R AT ) U AR A i G IR K SRR B T LT
S R R (5 NS R SR N T N et ) DN B S 2 2N
At R s RGCs B # 2 A S T8 0T 2% > ic 42
BTG, Barry 255590E 52 RGCs 78 # 25 & AE 78 K il D RE 1O &
BPEHEENEM. HAERBSME LA DR RERER
I 2 336 J A AR R L DR O T T R A R e
P2 40 b 2 & A DA S o AL A4S DA A 2 R AR A AT .

Ki67 J2— 3 5 40 1 AH 3¢ (0 4% B0 R, L oh BiE 55 47 22 0
YA 5, R H R R ) BT 4 i B A R O Y B EAR R — . A
9T o g 4 2R Ak 2 25 R R B & R i 60 mg/kg P90 I 41 3K
10 %6 A it L % H 260 ¥ 5 145 0K [0 9 K67 FE 1 40 A B 2 0 20, A
FIH 30 mg/ke TIIAMYAL S 10 % RE A FLXT B AL WA B 22 57, 1
7 P T B 40 kB /0 BRI S 1R [ & T A i g A L ) o
fRAgPE . B A 0 1 (B s T 40 M 1E O i R 4 R R
U A LR 0 K X T I B TE R T A R A L X AT
e B W R P R DI RE AR

Nestin & #f £ T 40 M 45 AE P F5 12 4 - [ B ] RLFR 2 RGCs
B GRS, EF R IAE AT 10% B8 b5 2L AT BB 41, 5 7 & 60
mg/kg FIIH B A{UE > RGCs By EH R 8 F R K RENIE
BLFETS . XA EH X E T BB EKE T RGCs, I REW K #p
20 & B 1 BLBP 845 #5417 3501 , S8 %<t BLBP #F 58 4516
M Nestin 2 JGHFFE 45 R — 3. X3RR WIA WA O Wk
T /N BRI IR [ o 200 0 2 5 RE 7 . 38 RE A5 10 ) RGCS 19 % 4= .
RGCS 7r it T i) 1 2 % 15 Hp 2 1 S 54 T — T M i 4 2 fi
“HFRTE 3 T Z T E R Y BUE R S0 0 )R A
¥y 5 75— J7 T RGCS 1B 4wl & HL A0 B (%) — Fh ol Lk — 2 431k
R il 28 50 K i 28 e S5 4 5 2 v S v A 8 5T B SR 4 R £ o
5. RGCs & H 2B Xt T 5 0E 5 45 /48 i S D Re &0 A —
FE B RZ A

T 3 G A 2 T RR IC 9 NeuN L% i 1 [X 8k Al 20 o

FTHRES 201759 A% 46 K% 27

Zeou B R BLF R 60 mg/keg A M 41 P14 /) BUE 5 401K
o] efr NeuN P40 A 5] s L5 1000 18 5 7L 45 SR 4L AR Le
22 5 G2 2 L (P<C0. 05) , i i 77 & 30 mg/kg 7 I i 41
5 10 % g 107 FL4F B2 L % NeuN FH Ak 40 g ok 0L WH &8 22 R
275 % 70 B DR IE B4t 0 BT T 1A PR T A T AR N R
I i A PR L TT R R /D 1 R i 2R T R I SRR IR
T BE A0 2 Al X B 7R 54 94 A0 % i 2 ST B A D R TR IR T
7 e 5 R AT R G BER

L5 bR IR AHIT 7245 2R 3% W TR OA I 40 o 2 i /D BRI B AR
] e o 22 240 i 4 94 5 [ B 95 475 A0 SRR B R 35 s
SFEURAMZ TR o TR R A /S B B BpR T 40
N B B A A P 2 B AR . 2B S BRI e R R TR B
AR R N EIEE 2y 2 SRp T oR s N KeR: 3 1 a7 SR 29/ %2
B4 LA fih 4 R 25 90 D990 19 B D RE IO L (R
Ul BAR 2 5 B PRAT O 27 B B8 A 15 5 T IR A B E 5

&% ik

[1] Huang J,Jing S, Chen X, et al. Propofol administration
during early postnatal life suppresses hippocampal neuro-
genesis[J]. Mol Neurobiol,2016,53(2):1031-1044.

[2] Olsen EA,Brambrink AM. Anesthesia for the young child
undergoing ambulatory procedures: current concerns re-
garding harm to the developing brain[ J]. Curr Opin An-
aesthesiol ,2013,26(6) :677-684.

[3] Wilder RT, Flick RP, Sprung J, et al. Early exposure to
anesthesia and learning disabilities in a population-based
birth cohort[ J]. Anesthesiology,2009,110(4) :796-804.

[4] YuD,Jiang Y,Gao J,et al. Repeated exposure to propofol
potentiates neuroapoptosis and long-term behavioral defi-
cits in neonatal rats[ ] ]. Neuroscience Letters, 2013, 534
(1) .41-46.

[5] Creeley C,Dikranian K. Dissen G, et al. Propofol-induced
apoptosis of neurones and oligodendrocytes in fetal and
neonatal rhesus macaque brain[J]. Br J Anaesth, 2013,
110 Suppl 1:29-38.

[6] Luo Y.Coskun V,Liang A,et al. Single-cell transcriptome
analyses reveal signals to activate dormant neural stem
cells[J7. Cell,2015,161(5) : 1175-1186.

[7] Ponten E,Fredriksson A,Gordh T,et al. Neonatal expo-
sure to propofol affects BDNF but not CaMK [[ , GAP-43,
synaptophysin and tau in the neonatal brain and causes an
altered behavioural response to diazepam in the adult
mouse brain[ ] ]. Behav Brain Res,2011,223(1) :75-80.

[8] Geil CR,Hayes DM, McClain JA,et al. Alcohol and adult
hippocampal neurogenesis: promiscuous drug, wanton
effects[ J]. Prog Neuropsychopharmacol Biol Psychiatry,
2014(54) :103-113.

[9] Stargatt R,Davidson AJ, Huang GH,et al. A cohort study of
the incidence and risk factors for negative behavior chan-

ges in children after general anesthesia( N 4% 3766 T1)



3766

P fi 3 A L T I A S AR M I R R R
IR A 22 TR 1 R T A g A X X A 3
B DEBEIE R sE e el B v e g E Y FEE RSN,
S5l R R IR e A A PH LR A TR 2R B B R A TR R i
FHE b B 1) 50 B M 2 W T8 R 5 1 25 K il L A R T AL AR Y
PR BE R RE S LM f B A AR ET . R E Y B A1
2l 22 Th] Fr) B 8 i T AR ek A S T A i = T Y 3%
ANB T A A R B R A O R TR AR St A
) I BB 2 A AN 2 [ A A 5 R e DL AR 1 G B AR AN T M
HEAT R B MUK S8 2L R 7 A & S B UC Ik
Ao BT UL S T AR 0 T B R I I o A M L A
Jo B AR b 5 R AR

VY B 32 2R JH OB R U R L e g% R R L A k) g T
UC, {H J2: [Al i 2 P & 2 1A BRI 45 BB A O] T 9 i o
R EEET UC IR BB Z . IS 19 SR B B 2 4R
AR b E R Rl — A AR R A I ER L R AR
P S o N R A B 25 1 2 R 43 . E UC A58 i R
TARKMIER . GBE 761 B ¥ 5K L4 ¥ % JI0 [ 9 L 23038 1
TR IR B B AL N R AR R R AL VR
W52 81, GBE 761 AT #j1 i ¢ 4 40 i B 7 1) 2 35 L 6 KBRS 36
PEZS g R BA M 1 508 AR I EAE AL A4 GBE 761 1%
J7 UC 1'% % % B 85 11 09 3% BV 80 I 5 e 17 5 48 Mk T 17 TF
KD,

25 Tk, B GBE 761 F 1 UC /N UAT LUl UC /)N B of
YA TS U A o 1 O i 28 R R L 0 A R
B BE we YK A B . GBE 761 Tl UC /N AT LUK &2 5% 55 i 432
0 3% T L/ R R e R P O O A R o A M
Vel A M 3 L /N B £ R AR R B 8 i, UC SE R 1 5
AT EE .

S &k

[1] Dupont A, Kaconis Y, Yang I, et al. Intestinal mucus af-

finity and biological activity of an orally administered anti-

(2]

[3]

(4]

[5]

[6]

(7]

(8]

[9]

FTRES 201759 A% 46 K% 27

bacterial and anti-inflammatory peptide[J]. Gut, 2015, 64
(2):222-232.

Long TM, Nisa S,Donnenberg MS, et al. Enteropathogen-
ic escherichia coli inhibits type | interferon and RNase |-
mediated host defense to disrupt intestinal epithelial cell
barrier function [ J . Infect Immun, 2014, 82 (7): 2802-
2814,

Michielan A, D'inca R. Intestinal permeability in inflam-
matory bowel disease: pathogenesis, clinical evaluation,
and therapy of leaky gut[]]. Mediators Inflamm, 2015
(2015):628157.

Mccole DF. IBD candidate genes and intestinal barrier
regulation[ J]. Inflamm Bowel Dis, 2014, 20 (10) ; 1829-
1849.

Coskun M. Intestinal epithelium in inflammatory bowel
diseases| ] ]. Front Med (Lausanne) ,2014(1) .24,

Sun T,Gao GZ,Li RF, et al. Bone marrow-derived mesen-
chymal stem cell transplantation ameliorates oxidative
stress and restores intestinal mucosal permeability in
chemically induced colitis in mice[ J]. Am J Transl Res,
2015,7(5):891-901.

Liu XC,Xu JM,Mei Q,et al. Myosin light chain kinase in-
hibitor inhibits dextran sulfate sodium-induced colitis in
mice[ J]. Dig Dis Sci,2013,58(1):107-114.

Langhorst J, Wieder A, Michalsen A, et al. Activated in-
nate immune system in irritable bowel syndrome? []].
Gut,2007,56(9) :1325-1326.

Kotakadi VS,Jin Y, Hofseth AB,et al. Ginkgo biloba ex-
tract EGB 761 has anti-inflammatory properties and amel-
iorates colitis in mice by driving effector T cell apoptosis
[J]. Carcinogenesis, 2008,29(9) :1799-1806.

(W HIH:2016-11-08 &8 H 3§ :2017-04-10)

CEH255 3762 1)

[J]. Paediatr Anaesth,2006,16(8) :846-859.

[10] Jessberger S,Clark RE, Broadbent NJ, et al. Dentate gy-
rus-specific knockdown of adult neurogenesis impairs
spatial and object recognition memory in adult rats[]].
Learn Mem,2009,16(2) :147-154.

[11] Coras R, Siebzehnrubl FA, Pauli E, et al. Low prolifera-
tion and differentiation capacities of adult hippocampal
stem cells correlate with memory dysfunction in humans
[J]. Brain,2010,133(11) :3359-3372.

[12] Bagri A, Tessier-Lavigne M. Neuropilins as semaphorin

receptors:in vivo functions in neuronal cell migration and

axon guidance[ ] ]. Adv Exp Med Biol,2002(515) :13-31.

[13] Barry DS, Pakan JM, McDermott KW, Radial glial cells:

[14]

[15]

[16]

key organisers in CNS development[]J]. Int ] Biochem
Cell Biol,2014(46) :76-79.

Kempermann GH,Kuhn G.Gage FH. More hippocampal
neurons in adult mice living in an enriched environment.
[J] Nature,1997,386(6624) :493-495.

Sun B, Halabisky B, Zhou Y, et al. Imbalance between
GABAergic and glutamatergic transmission impairs adult
neurogenesis in an animal model of alzheimer’s disease
[J]. Cell Stem Cell,2009,5(6) :624-633.

Kruglyakova EP,Khovryakov AV, Shikhanov NP, et al.
Nestin-expressing cells in the human hippocampus[]].

Neurosci Behav Physiol,2005,35(9) :891-897.

ISR H 1 :2016-11-03 &[] H 1 :2017-06-11)



