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B BT AA o ik &8 Bk 0 14 B i T 4 KB cGAS/STING JBEE M8 SR T
T RIS

wEs 1 KT T2
1. REBERRERSER LR, Kid 300050
2. REWH.LEFRIER Bk )LEL REE 300050

WE: BH P E VRS S S PERR (HIED B K R BERR - I & il (cGAS) /MEHE APt 3 2= R ) R
T (STING) B LM AL T ik 75 KRR IBEENECE L NRFARA . BRA. FEZmiRA 8
BT, 8.0 mglkg) ANFAUBRMEAIELA (1.34 mg/kg). MWK FEFIEA (2.68 mglkg). FRBFARAS, HASHKRE
SEHGA M PE TR (HIBD) iR, A4 TN, AT Morris /KRB E 525, RIIK R 28 822 0126675 9%
ALYt (HE) R JEAT AR T A (TUNEL) k4t 82 8% 20 K Bl S 2L SR 25 A8 Ak B i 2 e i B R T 45 s A4k
R 52 K R S U SR LB (SODD. 9 (MDA) /KF; Western blotting I 52 i 5 4121 cGAS/STING il
HEARIEKT. FR SHEPRALE, BRYKRED WL TNRZII"E, KEME Tk ERmT:, PR 8
K (P<<0.05), ZEBEFERE SOD /KFH K (P<0.05), MDA /KF K cGAS. STING EHFX/KFEEW N (P<
0.05); SRRV LA, PSS JE S P20 R WUKAG . w7 2R Bk B AR B4f 5 (P<<0.05), % BT & IR B
B (P<0.05), HAABGIEERK, Ao E W EmD, SOD /KFEFET & (P<0.05), MDA /K. cGAS.
STING EHRBERFERMK (P<0.05). it MUK SR cGAS/STING 55 i@k, &b RAgUR N AT
XMZ TR, W HIBD i s K845, D9l PR R R UK YE 7 HIE 44K 4R .
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Effects of cerebroside carnosine on cGAS/STING pathway and apoptosis of
hippocampal neurons in neonatal rats with hypoxic-ischemic encephalopathy

SHEN Ming-qit, ZHANG Ding-ning?
1. Department of Pediatrics, General Hospital of Tianjin Medical University, Tianjin 300050, China
2. Department of Neonatology, Tianjin Central obstetrics and Gynecology Hospital, Tianjin 300050, China

Abstract: Objective To analyze the effects of cerebroside carnosine on cGAS/STING pathway and apoptosis of hippocampal
neurons in neonatal rats with hypoxic-ischemic encephalopathy (HIE). Methods 75 rats were randomly divided into Sham operation
group, model group, positive drug control group (nimodipine 8.0 mg/kg), cerebroside carnosine low-dose group (1.34 mg/kg) and
cerebroside carnosine high-dose group (2.68 mg/kg). Except the Sham operation group, the rats in other groups were established
hypoxic ischemic brain damage (HIBD) model, after treatment with corresponding drugs, Morris water maze test was carried out to test
the spatial learning and memory ability of rats; Hematoxylin eosin staining (HE) and TdT-mediated dUTP nick-end labeling (TUNEL)
staining were used to observe the morphological changes of hippocampus and neuronal apoptosis; the levels of superoxide dismutase
(SOD) and malondialdehyde (MDA) in hippocampus of rats were measured by biochemical method; the expression of cGAS/STING
pathway protein in hippocampus was determined by Western blotting. Results Compared with the Sham operation group, the
hippocampal neurons of rats in the model group were seriously damaged, a large number of neurons were apoptotic, and the escape
latency was significantly prolonged (P < 0.05), the number of crossing platform and SOD content were significantly decreased (P <
0.05), MDA content and cGAS, STING protein expression levels were significantly increased (P < 0.05). Compared with the model
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group, the escape latency of positive drug group, low-dose group and high-dose group was significantly shorter (P <0.05), the number

of crossing platform was significantly increased (P < 0.05), the degree of tissue damage was reduced, the number of neuronal apoptosis

was significantly reduced, SOD content was significantly increased (P < 0.05), MDA content and cGAS, STING content were

significantly decreased (P < 0.05). Conclusion Cerebroside carnosine may inhibit oxidative stress and apoptosis of hippocampal

neurons by inhibiting cGAS/STING signaling pathway, and alleviate brain injury induced by HIE, and it has a more in-depth
understanding of clinical application of cerebroside carnosine in the treatment of HIE.
Key words: cerebroside carnosine; hypoxic-ischemic encephalopathy; cyclic adenosine-adenosine synthase; stimulator of interferon

genes; neuronal apoptosis

ARG L A7 Chypoxie-ischemic encephalopathy,
HIE) 24 Ragttriit, BT &MHEE Nz 85
B A B SE AR A A I R BT 45 B U
Wi, IR E MK . ZHZIRAE, LA
BT HLUR AT 24, H 2GRk A4
IhfgRERS, skAET-230, HIE &#rE )L W fE &4
R, SEAAE WA KBRS, W Kiss)kE
T MRE R, BN H PPRESE Je Bt iElsl, w ot
RIL, P& ITRTAE HIE KRRt RE b ok 44545 B 2AE
R, AR RIRHLE] HATERE . AR S H - E &
Bl Ccyclic adenosine-adenosine synthase, CGAS)
e LA A %R (cyclic AMP-GMP,
CGAMP), 0% A 5T 4 L Ff 5 2 P9 It 2R 25 81 3k
[Rl-F (stimulator of interferon genes, STING) #Eifi
WA, H cGAS/STING il 2 5 PR 3
JPRE S s I R T e 2 M e S B R LS
FESE, Rt T HAEOE cGAS/STING J&#E Fl e
X R el Rk JLliol, Gl N 1V TT R AR AR
Mo B WU E A g i s e e, BA
BIRALRE . A HAEREE . AR EFDIRR,
HET, Ttk HIE Y677 il AR R P B 72 5
Z U311, (EHAE RS A AR B o DRI A Fd i
78 57 GRS B ML A B 15 Chypoxic ischemic brain
damage, HIBD) HARFUMGE UK HIE B4 K
B, CGAS/STING it i Mz it S 22 JC A T HI S o

1 #8
11

SEZB6 BT R BRI [ b 4 8 R sz 36 sh R R
HIRAT, 75 R 7 H#E SD #itE KR, SPF 2%, 14
g (15.36+242) g, WA[IES: SCXK (H)
2016-0011, FrA KEBRIFIENY 5 TR, REFEIY)
DR REE I RIETE T . BR, WE 24~26 C, AHXY
AL 55%~60%, HHKE. oK, HEZE 12h,
1.2 FERFIRILE

i EF LB VE SR (6.4 mgl2 mL/3Z, 5

H22025046, #MRPUIRHIZAH R A7) Jé S P
SHE QLR (@ 25 IA IR~ 7], k'S : H20057745);
HARE-PL (HE) Jetaikilf (LEE A RAEY
HARERAR, #itS: S8946); TUNEL ikilé& (i
PRSI R E R R A |, IS : E-CK-A331);
ALY B LEE (SOD). 7 —# (MDA) ELISA
X776 (R&D Systems, fit5: ml077397.ml077384);
cGAS. STING #ifk (EE Abcam A, 55
ab224144. abl144865). & AHHAF & BCA i
A& (R RAF], 525 P0027. P0011); B-actin
GBI 19G ¥ (3= [F Sigma A&l , $85: C1843);
TPURERE (10 1000 BREEEEFRICLAESTR 196G R
W, £ Sigma ~w], $%'5: abl50077).
042BR11787 Hiyk{¥, 3E[H Bio-Rad 27l
GEL-DOC-2000 (/MG 541; CX31 fmifir i
s, HA Olympus A5]; GUIGO-99-1ID ## 7 i
HE A, il RRAESA R A F]; Morris
AR E W EH T M AR AR A .
2 Rk
21 TP ESEREE
SEIGENIBENL N 5 4L RTFARAL. A,
JE BEHP PH A 25 H A UUIRAG s fl (1,34,
2.68 mg/kg) 41, 4115 N, S Rk 5 k05| &
B KR HIBD #28Y, BAkik: H 4% K& 6
mL/kg ip BREFBTZE KR, 7EFRALSGRYIIE, AL
SR B, 328 IO KA FL I B e A2 26 Bh ik
WA A MBS BTG R, ARJG L Z218& 600, S
2h; BT 8%H IR % M EAERE 1 h, BFARH
I B AE MBI Bk, g LA b . AR5
1d, SAKRIFATHEINREAL, KA Longa 4516
FIVEARAE, 040 : TEMATHREBBUER; 14 R
Ae XA 2 43 TEATHS R MEMI HEss; 3
grs REATER X EiE:; 4 7. AseE KT
&, THEESIMERIRES; 5 4 8. Bk 0
G315 SRR, VPSSR 1~3 N SEES .
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&, BFERAPANLIHRRA 15 R, HAH 13
R, PHIMEZG4 15 R, EUUKERIEA 14 X, i
Tk R EZH 15 2.
22 H/HNIE

HBURNESRNRRIE T, B R AR
& 60 kg, XTRIZAZFIE AR 6.25 5, HANK
HWUREE H e S 4~8 mL, K B H g
79 0.42~0.84 mL/kg, L& ER. mFIED RN
0.42. 0.84 mL/(kg €), HP1.34. 2.68 mg/(kg €). i&
MESERK 24 h JG, TRIRSHL 25T ip B2,
PHPEZG2H 25 7 JE i1 8.0 mg/(kg €), ETFA.
RIHRR ip SFEAFEIK, FRELAZ52 F.
2.3 KKEEE

BAGEW G, AT KR E SN KR 5 )il
128877, e KT 5 d BIIZ:, %5 6 Rk
I UHR FHR B E IR .. KBRS 1.6 m. K
0.4m, . WAL H b5 PR R BCE R &
H4: 10cm, KT /KIE 1em, KIE K% 25°C. I
U K 4 ADNRIR, IR R BRI 4
MNEIRA KM, HEIFEE, TF& ERE 30s,
Bk, 75 KRARBETE 120 s WIREIT-&, Xt
Hitra1 5. NSITHEMNEE 6 K, HRRERBA
AKH, IEFRRMNIK RN F G- & R,
PR IR ] . #5RBETE 120 s WEREIF &, M 35)
CERSZEG, FRDEN RN 120 s. I MHIEE 7
K, #zFre, WFxRKRAFE—FREHK, 60s K
TR B X IR
24 KEIBDELFREARE

KRS S A5 R S, 5 2H K PRI Je v W Sk
B, fEUK Bor s g 2, 340 H 10%% K H
ME/E IR FEE 24 h, A A, HEATAH DA I ;
Pl R ARG B T-80 CHRURIRLTE
25 HE X TUNEL RF|&#&
VA el 3HL ) K BRI S 2H R TS R A I
THZRIEN, R, V1A, Bl
e, 7 ARA HE W78 & TUNEL 377 &t AT 4L
o, BAEEPRSEE AT, 2RI
K BEWEE R, TS BRGS0 B H Y
A, ML,
26 XREDELAGH SOD. MDA IKFIEL

AR R S HGURIE ST 3R, A% 4 R
SOD. MDA ELISA &5l & vt B 158 fE, | H #E
WSS AR SOD &1, BRARE bb 22 i 2l

7K,

& MDA /KF-.
2.7 Western blotting A4 cGAS/STING B
SESvS

BOAERRIGE S AL, RoITHe, 18R
RfRIFE L, W B, T-80 CIRfE. BCA kit
ITEOEE, WITEAREIRE, IAEEaENE,
L SDS RN MMt itk ik (SDS-PAGE) AN
X FREEATE, HBRMRAERE L, ¥
JEE BV I 75 5% L35 85 v P =R 1 hs P
BB E T 1 0500 [ cGAS. STING. p-actin %
PR MR T, 4 CHEEM: %2 KAk
PdiEse e, BRI MBI, AER TS
2 h; VLR BT B B AT B, SRR
2z Rk, DUBER SR 82 5% 1 HA e,
I LA Image-J F A4 T & 4L R AR X R IA &
28 GUtESH

DA SPSS 23.0 A% S s AR 34T Ge it 43 A
THETRIPL X s RoR, 400 L7 R 05 2 50
Fr, BB L AT SNK-q /5 .
3 #£R
3.1 FNEANLBART HIE FiE XRF 81286 189500

SEFARG R, AR 2K i v R 3 B B
FEK (P<<0.05), T & R FEIK (P<<0.05);
SRR A, RS AR UK. =i
ZH KRR RV AR BB W46k (P<<0.05), #FFiERF &
PRGN (P<<0.05); HJESit-Fal b, fin
WU ARG 77 B 2K BR b e v AR 3K (P<<0.05),
FHOP G > (P<<0.05), FkiE LK w7 4
K FRHEEELR I 58 80F & B E R R R = o
W 1.

*1 BREARTEFSCIZEALER (X +s)

Table 1 Comparison of spatial learning and memory ability
of rats in each group (X £s)

. P} b9 i 2 e
205 n/H e .
(mg kg?) BRI =R/ €}

BRFEAR — 15 25.42+5.64 6.25+1.45
i — 13 66.184+10.26° 1.28+1.04
Je P 8.0 15 33.8645.41% 4.764+1.22%
i EF LK 1.34 14 58.344558"%A 32441164
2.68 15 27524+496% 5484143

HEFARHALLE: "P<0.05;
A “P<0.05:

*P < 0.05 vs Sham group; *P < 0.05 vs model group; 4P < 0.05 vs
nimodipine group

SRR LR *P<<0.05; 5 e T
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3.2 FNEARAXY HIE #i% KERKEDHEARSH
SN

HE ZetaiioR, BRFARLK RifES XAz od
MRCERSEI . IR, AR, e RAME S 2y
A TR L SR TS g G, K
SRR, LT KRR SRSER LRI > B
JEFEHT AR R AP 2 4 R B AN IR BT, KIS SR SE
AENE I G AN S, LA 22 20 P 5 AT AZ A 75 0 7T AL
i3 EF UUBAARRFFU B 2 B P e 22 e 2 i 4 2 5 A Y A
AACHAEL, T A A e, BUK . R5E

U s Mot AU w771 2 2E K B P 428 T 4T i 485 4 e
BRI R OGS . A L.
33 WEAMRX HIE it XRKESHETAT
ppAl

TUNEL B8R, BFEARHEKRRIEARTHE S
XA TCAN IR T AR AH K R 5 X AT LK B
I M, MR Y R B SRR
0 U R B 2E LA, 8 St~ 4 A0 o JULR v
FIE LK R D XA T T R E R . W
K 2,

1 HE ZBHRMARESXALNRFERG (X200)
Fig. 1 Pathological damage in hippocampus detected by HE staining (><200)

i LK 1.34 mg kg™t i EF ALK 2.68 mg kgt

2 TUNEL REEMAREDXMETHEEATRER (X200)
Fig. 2 Neuronal apoptosis in hippocampus detected by TUNEL staining (>200)

34 WEARAX HIE FiE KRS SOD,
MDA 7K FBI 500

S5RFARALE, BOHAKRES4HL 0+ SOD
KB F#L (P<<0.05), MDA K F-EETHE (P<
0.05); HHEAIM LI, JeZEH -4 At UKAG
E IR KRS SOD K PFRET & (P<
0.05), MDA /KB (P<0.05); LJesih
SPAR LA, e TUBAIG 77 B2 2H K B B 1 23 SOD
KL (P<0.05), MDA /KF#E (P<0.05),
o EF LK e 7 2K R S 4 4 SOD. MDA 7K
FPERLGFE L. W& 2.
35 FNEHLRAXT HIE #14E KRR cGAS/STING B
EAFRIEWEN

SFARA R, BRI K RIS HL cGAS.
STING fEHRIEREMIN (P<0.05); LA

&2 BEBAT HIE #iE KRG D4H4 SOD MDA K
B9 (X £5)

Table 2 Effects of cerebroside and carnosine on SOD and MDA

contents in hippocampus of neonatal rats with HIE

(X *5)
2H 5 i n/H  SOD/(kU gt MDA/(mol mg1)
(mg kg™)
BFER — 15 33.54+4.12 1.04+0.22
iR — 13 12.08+2.92 3.28+0.45"
JREH T 8.0 15 28.86+3.14™  1.56+0.36"
E ALK 1.34 14 22.74+258A 25940524
2.68 15 30.45+5.32% 1.34+0.31%

HRFARALE: "P<0.05; SEAMALLE: P<0.05; 55
SPALLEE: *P<<0.05;

*P < 0.05 vs Sham group; P < 0.05 vs model group; 4P < 0.05 vs
nimodipine group
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B, Je S R E VUSRS EAE K
SRR TH 24T cGAS. STING FEHFRILEFEE (P<
0.05); LA i, M VUG E AR
S cGAS. STING HEHFRIAE R (P<0.05),
L FEL cGAS. STING HEAFRIARL (P<
0.05). ML 3 % 3.

L R e a— —

STING
CGAS s D
B e ———

BRFEAR  BR BZEHSF 134 2.68

T LK/ (mg kg ™)
3 BEAKXREDELH cGAS, STING EAKIE
Fig. 3 Protein expression of cGAS and STING in hippocampus
of rats in each group

* 3 BUEKXREDELFH cGAS, STING EHFRIAKFE
(X %s)
Table 3 Expression levels of cGAS and STING protein in
hippocampus of rats in each group ( X £s)

7/ FEAMENELE
2H 5 n
(mg kg cGAS STING
BFEAR — 15 0.224+0.05  0.31+0.08
i gt — 13 1.08+0.11* 1.26+0.14"
JE B 8.0 15 0.561+0.08"% 0.64+0.07"
I EF ALK 1.34 14 0.861+0.09"4 0.89+0.124
2.68 15 0.324+0.06*4 0.44+0.05%4

HRFARHLR: "P<0.05; SHEALLE: P<0.05 5HJexih
FAL A “P<0.05;

*P < 0.05 vs Sham group; *P < 0.05 vs model group; 4P < 0.05 vs
nimodipine group

4 g

A L HIE 2 5402 e IR T M SR A 2 B g
5, BRI BT B FE R E R LA R
SIS, RIREEERERET . RIE R A S —
RYNVREA B FE, X RCE H IR 2 A A R 52
Hurxt+ HIE RImHLEIFIGTT 5kt w2 R H
HIE SIS 7T, TR — i K RS 3 A L AR
I i R B AL FARRI B, DRI ASAFE 5 R 37 A2 K R
FES7 HIBD #AY, i Seae A, AAY A K BRI AR
FARAMZTCMMBA G A Kb W0 JHT,

R R W B A, RSP B IO BRI,
i B R BRI R A a2 ™ B P D 2H A4
fERE M T T, F eI IR, 5k
JeHE SRR B HIBD BR84S B 1 45 A — 5,
BF R FH B A2 K RO B R D o I IR b P i LB
BT R A DSl g AR B AR )L HIERAL, i fixi
357477 1200 Ko A Ji7 [R5 12 () R AK pR 2 40 47 . ARTIE AT
ST MEUKEIT G, K. S EARBA A K
SV T ZH AU A R A R R T AR TR D
R BT AR WA IR G o, 2R BT B IR IR
o 7 B 2 A JE B T 2 BT AR B, R B
RHE %, BERLG IR, U&7 &N
LK AT B 5. 2503 g o 4 20 22 T R T S A
Pem KR E IR 68 77, R SHMZH M.
P& B AR LSS 423 060 B AR K BRI 5 2H 208 R A
1, 50 K SR IAT 9 RE T, T i LK T 98E HIE
R, 5 AR R B4R R A — B2,

B R A A 55 T 2 7 Al B B A TE B
REI IR, niE A A 3t (MDAD, MLk
PR A RIS RGP TR, S BRI -
MDA JEfRFARE =4, H & 22 N8t A R B
fabald, HEAYEALEE (SOD) XMHEH, £
— MR T A S AR TRINEEEOR, £
RNTERR B R E R, PN LS WA E B
ST IE R R E, MEHMEE M. R
B, s 20 23S R AT, SR SRE TR LA L
S — B A SR N, AR =,
AR ) LK b 55 52 20 AL S0 B8 429, 35
SRR TR IS R Re B PRI MDA KF, Tt
5 SOD /K,  BAARERE B It 0 153425 K B A Ak N
WU AT AR TR F AR HIE H 4 KR
5 2% SOD K-V 2K, MDA /K227
1 UL HIE 3742 KRR 41 20 & A S8 A N U 5
BTIRITE, IEDURICRI =L, BIPEZG4. Mt
WK B 77 E AL A2 SOD /KPR THisi, MDA
IR IR B ARG Ao LB e 77 B 2H 3 B 4 24 4. SOD
AKFE, MDA KA, (HERARE, UimwE
WUBKAE HIE J5 RSB SOD =4, i) MDA
G EG B IURBCR S 250 . 2Rl AL
JE AT e iE e A T AR R, B HIE 38 A fix
AL -

WK, cGAS RAZ T IR EL AL I X 1 A,
— 2 R ML DNA K228, A B e
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FET-HAMUHERR, PAYEYE DNA /G245, DNA EA
Hu2251, s cGAS R AL dsDNA &Y ssDNA,
AL AR (58 cGAMPRO!, HELE TR
R 7 STINGRT, S8 48 11 40 g IRl 7 Fdadt
BRI, (b T, Gamdzyk %8E B
CGAS/STING i i 2 | R AL 5k IfL 5 3R R 1 22 7T
FET KA VR TTHE Ao AR R PR SR F AR
K HE L4 ZH cGAS. STING & &k & B,
BTIRITIE, P KNSRI EL4 . &
BRI cGAS. STING HEHHiAE B ERIK,
H R4 cGAS. STING EAREEZEM T
PEZG2H, ULEH HIE 52 I DNA R 245,
cGAS/STING @M%, cGAS. STING EHEKIA
A, W UK AT A 0] cGAS/ISTING i,
HILM R T, Wk HIE i A B, R
Fii FF FULBK 7T 38 55 cGAS/STING i@, 2% HIE
I8 BRI -

gi bopr ok, W UL K T ORE E I 4
CGAS/STING {55, Ml S R
PRI, Y HIE & ) K50, (B
JH 3L FH] cCGAS/STING {5 538 i AR B L A7 75 3¢
— BRI
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