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Preparation of an icariside II nanoemulsion and its effect on improving cerebral
ischemia-reperfusion injury
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Abstract: Objective To develop an icariside Il nanoemulsion (NE-ICS II) to enhance oral bioavailability and improve efficacy against
cerebral ischemia-reperfusion injury (CIRI). Methods NE-ICS II was prepared by ultrasonic emulsification and its physicochemical
properties were characterized. Pharmacokinetic parameters and brain distribution were systematically evaluated. Therapeutic efficacy
was assessed in rats subjected to middle cerebral artery occlusion (MCAO) by measuring infarct volume, neurological deficit scores,
and oxidative stress and inflammatory markers. RNA sequencing was performed to elucidate the underlying mechanisms. Results
NE-ICS 1I showed a mean particle size of (147.59 £ 0.71) nm and an encapsulation efficiency of (84.85 = 5.47) %. NE-ICS Il increased
the oral bioavailability of ICS II by 2.4-fold and significantly enhanced its accumulation in the brain. Therapeutic oral administration
of NE-ICS II markedly improved neurological function, reduced infarct volume, and attenuated oxidative stress and inflammatory
responses in MCAO rats. RNA sequencing revealed that NE-ICS II may downregulate signaling pathways associated with oxidative
stress and inflammation. Conclusion NE-ICS II substantially improves the oral bioavailability of ICS II and enables effective
treatment of CIRI at a low dose, providing a promising strategy for efficient brain delivery of ICS II and for the treatment of central
nervous system diseases.
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AEEZ L CIRI FRENHIE S, Hd, WA
A BRI 8 9 s I S5 3 R A A SRR R T B
TELFEVCH I Gicariside 11, ICS 11D J2yEFE
IR AR =2, RIHAE R R SO BRI« ISR
EMARGE PRI T B3 MM & RYE T
B IERA TR, ICS N IE e LR A
G SRR AL RO, w] ek i AR ) 2H
SUAALBIBARA10); teAh, 1CS 1 AT A% K7 B
(nuclear factor-xB, NF-kB) {5501, MG
ZINE R A BBB WA DL KA JeAE T 55D, ix ik
SRR, 1ICS I HARERPUL . PraiEA,
X} CIRI SB/R VAL VR TT 3R
{HICS Il KIFEMEZE (HfERE 0.013 mg/mL) . 17
102 E A IE SMEE F DA R AR R B (4
9 4.28%) 1891, XML IR F 7 B PR 1 LR IR S o
WIS IR R MBS BIEE &M% D
WIRZEH T 1CS 1 B850, (HIX L7 2 FH Tk
e, MRS RGN TRz FiK, B
A1 328 2% S I ) 3 TR 3 1 791 e O B AR T O
fERE, (HAEMRIFRRE . pH (B 3 ) I B MR IA S R 5 i
B, SEYIRETREBOE HI 85T 00 Rk, A
— P R A AR . RIFRRE IS B DR Rk
% RS, et ICS N ImIRFEIL ) et . gk
FLEAR R AEY AR S8 288 7], Refs st
BRI BENE, T 2@ 2012,
AW FTIE A & )% (squalene) ATHIAH, FRECA
KR B4R 15-F2 RS (Kolliphor®
HS15, HS15) K& R4 L Am S A EERR i 40 (Kolliphor®
RH40, RH40) FCi| &2 & 3405, PA &4 ICS 1T
HIghkF, (ICS I nanoemulsion, NE-ICSID. fi%
1 B s AE M AR N IR AT . ERE
N, e PR RATERSE T DA A 2 AR
VRS CIRIUS, K S e RS 75 i -/K ST H 41
$e, JFiEd SRR R RS Y, (HR %
Kt 0 V1 B R, BRI T AR KL I LR
o, PR RS s (A R R T, AT B
W & T RN, R, 7R KGR R N
BhFLAL T AT AR i AR e 1 B iR Bl
Kolliphor® £ %1 ) 3% [ 75 14 751 0 3% 36 [ 24 4 1
B R R AE, AT DR A ke 2o, Hod,
HS15 AR 3E 7 5@ L E R RH40 )
Redfnm AL L, FEIH P-MEER LA, X —1E A R
= 2T AR AR R FE D101,

AW FEH] 4% NE-ICS 11 HPEM Ll fi. 1
MRAEVIRIFHEE . BHZ A0, FHoK NE-ICS 11 B
T KM 8l ik 41 %€ (middle cerebral artery occlusion,
MCAO) R B, FHil FREE 545245, %552 NE-
ICS 11 X R FEFEARTR . #PE DI REVE 2 B A SR
SERIRZIR, AP IR GOK IR TR S Ao e A
J7 CIRI FEEMNE. A ICS I DRFIFIF RS
15 R % A 4 e B (4L S 00 A0 A o
1 EEHR
1.1 {¢E5

JEM-1400FLASH ZUE S 7 2B (TEMD,
HAH THR 44k 90Plus PALS FUkiA% H A 04
s & EAAE O S ES A 75 Moor VMS-LDF1 Y
WOt Z e, SEEBRAGEE AR AT
Acquity 2695 B! S BGRAH A A . Acquity UPLC I-
Class/Xevo TQ-S T iy RUVRUAH 2 i - £ 16 = 2 DU
FEFIEAY, S Waters A F] .

1.2 ##

ICS IT 5t R 5 (I 5 SB8040, Jii & 73 $1=98%)
ICS I JFRIZ (L5 19083008, Jii 43 40=98%).
2,3,5-= A FE AU E M (2,3,5-triphenyltetrazolium
chloride, TTC, 5 702N031) b &K}
FHBAR; fEk it S3626). KB iR (it
5 BCCF9598) Il H ## [ Sigma-Aldrich A ] ; HS15
(#t5 61909-81-7) 1t H 3% E Med Chem Express 2
f]; RH40 (b5 R1696-1) I H i 5t H A
HIRAT; AR bR R SR 2O B 7R &
B SRR A IR A
1.3 SEEm)

SPF 2% SD K, Mk, #&iE 220~250 g,
) 1 91 Pl B3R v Sl SR A BR A F], VR RTIE S
9 SCXK () 2019-0004. SZi6 i X =R A
FYMeIZ o, SR AIYIMe SRS (2021)
2-599,

2 FAEEHR
2.1 NE-ICS Il By#I&

16 FH 8 75 FLAGVE R & KLY, g ICS AT
TEHEMTK CEBER AT, BRI E
5 100mg. KE WS 30 mg. RH40 50 mg; e
57, BN 2mL0.5% HS15 il i1l . ¥IFL & T4
R AT, RSKEE T (Th# 260 W il 20 KHz)
S5min, EEIEA 10min, BRIAPIER], BIFF NE-
ICS 1. Z5R WP 1, NE-ICS Il /MW —H A .
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1 NE-ICS II B35

Fig. 1 Appearance of NE-ICS 11
2.2 NE-ICS II BY3R1EF
2.2.1  Fife. £ HEUEE (polydispersity index, PDI)
ACHEAE 21 500 ELIFRFE NE-ICS 11 )& ,
K FRLAZ A 20 T4 NE-ICS 11 #4iE, NE-ICS 11
FERIE N (147.5940.71) nm (B 2-A), ¢ HAL
N (—-48.4+7.2) mV (& 2-B), PDI 4 0.16+0.01,
FH NE-ICS 11 ¥if2 3 —ME R 4.

A
10 100 1000
HifZ/nm
B
—200 -100 0 100
¢ HAL/mV

B2 NE-ICS I B9RI{Z5370 (A) A CHBAL (B)
Fig. 2 Size distribution (A) and ¢ potential (B) of NE-ICS II
222 JEAZENE HUNE-ICS N #% 40 %, @it
TEM WEHTEL . 2R ILE 3, NE-ICS Il JTEA R
BRI, RTHGRE.
223 BHFHEAE RHERERR G715 2
HriE: 73 B8 NE-ICS I A5 ICS 1. Y8 NE-ICS I,
PATE/K OB - DU ARV A (RFREL 10 1) L
J&, F 12000 r/min 250> (B§0221242 8.5 cm) 10 min,
VE MR IAE . HPLC-UV 3@ _EiEh W&
%[21]0

HPLC-UV Z&ff: i 44 Kromasil 100-5 Cis

(250 mmX 4.6 mm, 5um); VBIAHA 80% H
IRV, PRFR B 1.0 mL/min; #9019 K N 270 nm.
it E LK 4.

o &

. - 20mm
3 NE-ICSII ) TEM

Fig.3 TEM image of NE-ICS 11

ICS Il "
A H
||
|
e A JI L
|csn“
B U
|
|
. /|
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t/min

4 ICST X2 (A) #1 NE-ICS II #& (B) AY HPLC
Fig. 4 HPLC of ICS II reference substance (A) and ICS 11
sample (B)

AE R SHAEL LN ALIHE, WS NE-ICS
119 ICS N FJEERN (84.85+£5.47) %, #HZik
N (4.60£0.65) %.

£ E} 2 = Mioaded 1cs 11/ Miotal 1CS 11

255 = Mioaded 1cs 1/ (Mexcipients + Miotat 1CS 11)
Motarics u NHIFIH 2N ICS 1T &, Mioaded 1cs 1 N7
BICS I HIE,  Mexcipients JI I 7RI £ BN IR0 55T 5

ICS 1 X HE AA CH] : AH AR ICS 11X
MM 5.32 mg BT 10 mL BREA B, A taal
HE 58 i i P 4, Bl el Bk 0.532
mg/mL H)fif %K
224 ROMEEZFFIEFE S U NE-ICS I & T#EHT
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8, BAGH 1%+ i mmpmmmm 10% 67K S
ISR £ 22 3 (phosphate buffered saline, PBS)
o, ET 37 °C. 100 r/min KRR T . TR E
]S EORE, $%HR “2.2.37 TR (R S i 2 A
B, SR AE 5, R ICS 1| 2 PGEEZ), NE-
ICS 1 R FF 2B IR 24T, 22 96 h I 3
TR 2 5L 5] (81.85+£7.44) %, T T-I#25 ICS 1 ()
T EMREZKT (61.96+£2.70) %. #F B NE-ICS I
BAH SRR

225 FoEtHgE ¥ NEICSI BT 25, 4CT,
SE I e Hoki 42 5 PDI, 553402 1 fon. 7£30d
M, NE-ICS Il (ki 5 PDI ¥k kA4 B2k, [FH
I A P25 AT A 4y B %, W NE-ICS 11 B

100 1
"1 /g,/iF/H
8 AT
@_ 60 +
=
B 40 i
Bk
w Icsi
20 f ~- NE-ICS I
04 r r T S
0 25 50 75 100
th
5 ICSII#1 NE-ICS Il RSN A4IRERIBEZE (X s,
n=3)
Fig. 5 In vitro release profiles of ICS II and NE-ICS 11
(X£ts,n=3)

#F1 NE-ICSII 7 25, 4 CT 30 d A FHHiR S PDI
T (X+s,n=3)
Table 1 Changes of average particle size and PDI of NE-
ICS II during 30 d storage at 25,4 C (X +s,n=3)

25°C 4°C

i4%/nm PDI 4% /nm PDI

156.37+1.13 0.13+£0.00 156.38+1.13 0.13+0.01
151.48+2.05 0.12+0.02 148.28+4.48 0.12+0.03
156.79+2.04 0.09+0.02 147.71+£2.51 0.1040.02
160.14+0.67 0.08+0.02 149.36+4.29 0.0940.01
162.08+1.84 0.10+0.01 149.53+4.25 0.10+0.02
163.30£1.76 0.11+£0.04 150.55+3.66 0.10+0.01
167.37+£2.45 0.09+0.04 15225+3.48 0.11%+0.02
15 169.90+1.63 0.09+0.02 147.12+£0.90 0.11%0.02
21 177.76£1.77 0.07£0.02 152.19+0.48 0.11%0.03
30 180.46+1.18 0.12+0.02 163.27+3.10 0.16%0.03

t/d

— 00 W W N = O

BRI R e .

23 HEEMR

23.1 UPLC/MS-MS #4213 Acquity
UPLC BEH Cis#: (50 mmX2.1 mm, 1.7 pm); i
AN E-0.1% BRI, FRIEVENL: 0~1.2
min, 60%~5%Z.fE; 1.2~2.6 min, 5%Zf; 2.6~
2.7 min, 5%~60%Z.ffE; 2.7~4.0 min, 60%Z.fE;
KA 2 N s IR B AT e &, ICS 1T miz
515.1—>369.2, WHsI RSP m/z 237.1—-194.2,

232 s SRIOHT KRAE R 120, BN
N2 4. ICS Il 40 A NE-ICS 11 #1740 43 7 ig
AHIEFE ICS 1 (100 mg/kg), T4524)5 0.17. 0.334
0.5. 0.75. 1.00. 1.50. 2.00. 3.00. 4.00. 6.00. 8.00.
12.00 h Eifl. £ 12 000 r/min 2.0 (0247 8.5
cm) 10 min W4EIMSE, UPLC-MS/MS il 52 IfL
R R IR, fH ] DAS 2.0 BB EEE, 4
HI2G-m 2k (B 6)s

1.00 1
—— ICS Il JFRIZ4
__0.75 1 —a— NE-ICS Il
5
€
o0
< 050 1
50
¥
R
] Qj’ifl:::;:;\ ,
0 . : . 4
0 2 4 6 8 10 12

t/h
6 ICS I [RRIZ550 NE-ICS II M1 753K E-A 8] thsk
(X+ts,n=5)
Fig. 6 Plasma concentration-time profiles of ICS II bulk
drug and NE-ICSII (X £ s, n=5)

Ht B KM 2 E (Crax)~ ISWERT ] (tmax)
K- M2 R A (AUCo-12) Z255h% 5%, it
S D RAEYI R I (F), 458403 2 iR, NE-
ICS Il AHELHFES ICS 1, H: AUCo-12 #1271 2.4 1%,
Crnax W1 7.62 £i%: [FJIEf, NE-ICS 1 4L twax F1Z5
YRR () BB, RG] POk
AR, AREET T ICS 1 F

F=AUC s X Tl ER 2/(AUC 2 X F I rsn)

24 (KRELADHHAR

PLoE R4k DID /4% ICS 11 23T NE
I, fil] % NE-DID. #% l8“2.5.1 "5 F J7 =44 3 MCAO
RIRURR, SRIM 2 h FFFAEEE 4 hG, LRI ig
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#*2 AROMKICS 1 [FIZES NE-ICS Il B EI¥S
B (Xts,n=5)
Table 2 Pharmacokinetic parameters of ICS II bulk drug
and NE-ICS II after oral administration inrats (X £ s,n=5)

®3 HQEE 4 6. 8h ARRALRARGHFEEST
(X+s,n=3)
Table 3 Semiquantitative analysis of fluorescence imaging

of rat brain tissue at 4, 6, and 8 h after administration

e . Ics I NE-ICS II (Xts,n=3)
AUCo-12 nghL™' 547.96+130.14 1313.30+£588.39" sl FEXT 558 B /ops
AUCo-» ngh' L' 583.05+134.61 2659.36+2 002.66" 4h 6h 8h
MRTo-12 h 5.014+1.90 3.89+1.44 X 6931.24+31472  6492.25+166.09 6572.86+63.36
i h 4.30+0.84 2.40+0.95* DID 6645699776  6190.214257.39 6 604.29+438.26
fmax h 1.50+0.50 0.63+0.13" NE-DID 7 533.494149.86™ 6 996.22+322.88" 7 165.19+770.90
Cnax ng-L™! 97.95+62.98 746.93 +589.83" 5 DID AlEk#: "P<0.05 *P<0.01.
F % 100 240 "P<0.05 ""P<0.01 vs DID group.

H5icsmAtb#: *P<0.05 *P<0.0l.
*P<0.05 *P<0.01 vsICSII group.

%57 NE-DID A DID. fE45%4)5 4. 6. 8 h i Ab%k
K, AR UR T 55 H R GBI
#ER WP 7. KA Living Image 4.3 BAF3AT 805 4
B, g5 8 15 3 Frn, NE-DID HJnZH 2%
S50 B I T T B DID 41, HAe4ErrE45724 8h,
T B 250 i N 5865 5 SR, TERRER,
FU NE e 27 1ICS 1 /D IRAEAI R B, it
LI N BIE K F I TR], R 3G ICS 114G
J5 CIRI 178 771,

payict DID NE-DID
7 R%E 6 h KR BHARRKA S
Fig. 7 Tissue fluorescence distribution in rats at 6 h after

administration

NE-DID

o i DID
8 YA75/5 4. 6. 8 h KRMAELLNAHIE

Fig. 8 Fluorescence imaging of rat brain tissues at 4, 6,

and 8 h after administration

2.5 HEFEITEN
2.5.1 MCAO FERIM R SR M v 2h ik P 2
EHEAL CIRI BRI, KR Z 2% 24 (30
mg/kg) BRI G, B TR L. FaEiEd )
I, FEEAMBUSBIEK. SANSIIK RSN Bk, &5
LB BN K> AL, I PRI B K-S 30 N Bk

R REL ANl 1 €75 o ) A S ) Y 2 T DN T A P 1
25 1.8 cm PAPHZE Kz ik, TR (Sham) 4K
AR, RNiEARL. B 2h Gk L,
PRI SR O 22 385 39 M 378 SR WUl i I 97

S5 9 MIZE 4 Fraw, KRR IS0 £ o 1 7 2
Z N, SUNIER KT S0%A 4 (P<0.05),
VETE 4 h 5, SR X S i I TR A I KR
[ 80%/4E A (P<<0.05), FHH CIRI MR A Ih AT
252 SESTHESRATTE KRN A5 4.

=)
]

et AT i 91 FHETE
B9 HCHBE AR IR A H A AR 2R

Fig. 9 Laser speckle contrast imaging to monitor changes

in cerebral blood flow
R4 HOCHBERISRARBENMMREN (X+s,n=3)
Table 4 Laser speckle contrast imaging to monitor changes

in cerebral blood flow (X + s, n=3)

215 AR G 1037 5/ %
ik I 7 1A 100.00+0.00
i 1 34 56.76 +5.14"
TR 79.23 +9.43"

Hermar itk "P<0.05; SHtimiitbie: *P<0.05.

P < 0.05 vs pre-ischemia; *P < 0.05 vs ischemia.
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BFARH. MCAO HHH (MCAO+0.5% CMC-
Na). &4 (MCAO+MENE 5 mgke); TEE
ICS1I 21 (MCAO-+ICS 11 5 mg/kg, AT 0.5% CMC-
Na); NE-ICSII 41 (MCAO+NE-ICSII, % ICSII
5 mg/kg). BRIETFARMI, HREHRRIYIET
CIRI #5R! (il 2 h, FFIMGEHEE 4h) Ja L BIFF46
BPRIT, BH 2Kk, ESLT 3 d,
253 MZEDIRESREITS WY 3dNE, TEH 4R
M AR (BT 35 em) WUEEK SRAT L 3,
HT-PE G ERAER R E LAVl AR FE 7y, R
H s L BARIZ 54T . K H Longa 5 70ARPOY
R R PR DI REER AR S, VEorbritE: 0 73, o
L DJREERA; 14, BEGRE O AT TR A4,
295, EEGRE L pED; 3 4y, BEREER ()
XHUEED: 4 4, kA FieshEe eI,
SERAINF 5 R, MCAO 4K RANZ Thie ™ &
2, VRN 3.8010.45; MBI S5UFE ICS I
MM B R s, PP nlh 3.76+£0.22 Al
3.3240.95; 1 NE-ICS 1l jA 77 41 v & 3 2+ MCAO
KBS RGeS, TP ER 1.384£0.43, 5 1CS
ML EREZE (P<0.001),
w5 HAMEETOFRETL AL EENNER (X5,
n=3)
Table 5 Neurological deficit scores and semi-quantitative

analysis results of cerebral infarct volume (X £ s, n=3)

45 PEETHREVE 5 AR/ %
EEN 0.14+0.13 0.42+0.41
MCAO 3.80£0.45" 22.47+6.30"
A& 3.76+0.22 21.61+9.89
ICS I 3.3240.95 16.4419.41
NE-ICS 11 1.3840.43##A0A 3.3342.724

S5BFAR4E: "P<0.05 *P<0.001; 5 MCAO 4Lt *P<
0.05 #P<0.01 #P<0.001; 5 ICSIILLE:: 2P<0.05 24p<
0.01 244p<0.001; % 6. 7 [,

"P<0.05 *P<0.001 vs sham group; *P <0.05 *P<0.01 *#P<
0.001 vs MCAO group; 2P <0.05 44P<(0.01 244P<0.001 vs ICS II

group; same as tables 6, 7.
2,54 TTC JL kP isisbistl 1697 3 d Ja,
T4 4 REUCK R LAE G AR ) 2 mm 5 1K
oy BT 0.4%TTC R 4t 60 min (37 °C)H,
2 4%% T IS 5 48 h 5T g S E T,
HH AT S T (FEAEZ)

FBE % = BEFEAH ST B/ M4 4L 57 i

SERWE 10 FioR, AFE M4 Zebr R B A
R TTC IR R, RN 2 20 s 1T A 5 X 3

- ¥ N K N

e adae
® & ¢ 6 e

BFR  MCAO A% WS ICS I NE-ICS I
10 FEYIH TTC R FRMEE
Fig. 10 Representative TTC-stained brain sections

A, SRR SN, TIEIL R TTC,
M2 AT, MCAO ALK TM&)s. 1CS Il kbHE
4, e W A REBEIX S, T NE-ICS 11 Ak
S LT IDPNINE S5 7N V=N AR

P AT R (RS EIR, MCAO 4fi#
FEHA (224716300 %. fi&idls 1CS 11 414X
SR REES, WEEESHN (2161 %
9.89) %A1 (16.44+9.41) %, Ifi NE-ICS Il J&J74H
FEfR® (3.33£2.72) %, HH NE-ICS Il I8 23
A T MCAO KB HIR A 24545 -
255 SIERTFARCFRN RIT3dE, THE4R
BB B0 2L 2 e o~ 5 5 XA B9, WA A2 21 1
B, SR B S % P58 (enzyme linked
immunosorbent assay, ELISA) & #H ¢ 4 E K 77K
o GERNE 6. SHRTARAMEL, MCAO 4%
K7 A4/ -1 Cinterleukin-1, IL-1B). IL-6.
iR R FEIRF-0. (tumor necrosis factor-o,, TNF-a)
KT EET . 5 MCAO AL, HplfEH 1ICs N
S ), IR BK TNF-o K, (% IL-1B
IL-6 TG EEAER . M NE-ICS 1l J& 57 41 0] A
*6 FHEARMMMALHRIERTF TNF-0. IL-1B. IL-6 7K

S (X+s,n=3)

Table 6 Levels of inflammatory factor TNF-a, IL-1p, IL-6

in brain tissues of rats in each group (X £ s, n=3)

Jii & 53 4/(pg-mL)

A
TNF-o IL-1B IL-6
BEAR  207.91+3746 20.36+4.40 41.561+10.47
MCAO  454.94+62.15"* 29.49+1.13""  76.82+11.63"
I 351.65148.43% 31.30+1.40 85.20+6.94
ICST  333.06+£27.91% 2837+2.84 77.354+11.90

NE-ICS IT 256.26 +18.527% 17.59+1.02%#444 57 02 +1.18%
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EEM T IL-1B. IL-6 Jz TNF-o [A & &, FEAK
REIEHAKT . GRFE, NE-ICS I A $0H ik P %
SERIER -

2.5.6 SASEIRIRIVIE MR “2.557 BUNTT
TR ZH A ETE W . ELISA K IUAZ O S8 AL N Sbn
EWEE, ERILEK 7. SHEFAR4ML, MCAO
AH K BRI A 23 L I 2 S R A, R AT
4 % (reactive oxygen species, ROS). N —[&

(malondialdehyde, MDA) Jid % 5 Chydrogen
peroxide, H202) 7K KiEF & (P<0.05. 0.001),
mHtE Y E A EALEE (superoxide dismutase,
SOD). & MEH Ak (glutathione, GSH) & W i [%
ik (P<<0.05. 0.001); ICS Il 415 i@ I 2i th 2 B0
AR AR AL SR SRS, 10 NE-ICS 1AL P,
MCAO K B o 4 4R S8 A0 S R 4 B2 I, FATe
WK T, AR E BRI,

R7T BEABRALAPFEHNEIESR GSH. SOD. ROS. MDA. H:0:7KFE (X+s,n=3)
Table 7 Levels of oxidative stress index GSH, SOD, ROS, MDA, H:0: in brain tissues of rats in each group (X +s,n=3)

2R 5 GSH/(mmol-mL1) SOD/(U-mL") ROS/(U-mL) MDA/(nmolL™))  H0z/(umol-L ")
BFR 1 069.184+73.87 366.38+32.33 642.23+87.25 7314025 116.44+12.96
MCAO 696.19+82.67" 293.95+9.57" 923.75+77.62"" 8.46+1.14° 153.74+13.23"*
kA 614.02+15.59 312.77429.53 914.20426.44% 7.384£0.43%4 143.17+5.33
ICS 1I 672.12+91.29 300.85+25.05 722.14+ 123.00" 8.8440.17 139.29+1.57
NE-ICSII 1 174.06+17.98%48  37053-£19.02%A  640.24 +26.39 7.30+0.23%44 112.77+£2.88#A

2.6 HFRMFTH

U MCAO 4. ICS Il 4. NE-ICS Il FHi
21 R BRI R I 0 K Bz 2 2H SR AT 2 SR ST
W TAE BTN A AR B A R 7] 58 e
CLRE T W s e B b T B 5 A 2 1 1) v B On
BREARIERRIAK AT E &, ¥ P<0.05 HZER
B >2 R E O R RIARA (differentially
expressed genes, DEGs). AW = F &
(https://www.omicstudio.cn/tool.) £l # . F KK
M KEGG &5 7% K.

DEGs # &/ #1&7x, ICS 1. NE-ICS Il 415
MCAO A RENFREZR (B 11). R 845
FEIR, NE-ICS Il HAHET MCAO 4HA77E 1 998
A~ DEGs (479 A Ei. 1519 AN F#), 1 NE-ICS
I HAREFEE ICS 1 4HAFAE 171 4> DEGs (77 4
LA 944D,

FEESPrEER (B 12) UEsZ, NE-ICS Il 7]
P53 N R () s H R84k, Ho NE-ICS 14
T MCAO 41K DEGs 1, {7{F 522 MA
EES DEGs, #ngiKILifis REaens i s
Z ooy fameg, dE— PN ICS I FEITIER . XT
MCAO 45 NE-ICS Il 41/ DEGs #47TThRE & 545
Hr I, NE-ICS 11 Bt 2 2 H0 1) 5 S8 A0 RE 3 AL 98 0
SN ARSI A St R, LR R B % NF-«B.
09 2 19 P53 (protein 53, P53) Ak EBEALEE 3-8
B/ & 135 B (phosphatidylinositol 3-kinase/protein
kinase B, PI3K-Akt) £ KHHE SiHEE (3R 9.

KEGG B HEZKt —PEMER T LiRisig s
H 3% DEGs Z [Al #8815 Hx (B 13), Jy[# B NE-
ICS 1 [ 43T S s 3R A4 7 T AL A 4
27 GtESR

K H GraphPad Prism 9.0 3K FHH sLIK 27
Z5 BT (ANOVA) 454 Tukey £ 5 HL AR AN AERT XF
W K56, P<<0.05 INANA Gt ER.
3 g

REAERF T 2 B AT ICS 1 25 FOEMERR %, 1M
EFX ICS 1 I TR R A A AL o AF TR 2 HIRR
A Z BRGE 1CS N e SRR, (HHE
PR RTErik s 2518420, Har, < T ICS I H ks
KUY, Li PR YK EG . a1 &
] R 2 B 1CS 1 ARAE DRI FE ST 2.3~2.8
5, SARMFFRGERIEAR T (24 £5); HIZHTF
HlF FI S KRR, RN ICS I,
A 7 PR AR )R FH B T B s T 52 PR - Ding 552415
B O ICS N 9K, FFBAMmA4ER.
IKFLBE, S GURFLAL A, AE R
P 2.5~3.5 ff . SR ZH ARG KABBH] (LD
W [Fl AT S 5R RN, H 2 HOREG AR R 2 T
2 AR

AT FUEE XS ICS 1 A FEAR S i3 A M i 1)
R R AL IR S P-gp MMHITEPER RH40 Al
HS15 fENEE A, HEPPKFLEIE RS .
SERRW, 1ZARR TR ESEE 1CS 1 ARAEDF
FHE, ABILHLHRZ 5 2 P-gp #If] A LA FR IS 1%
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Fig. 11 Heatmap of DEGs expression across groups

*8 &Y DEGs HEXLL (Xts,n=3)
Table 8 Comparison of DEG numbers among groups
(X+s,n=3)

A5 W FEREE B T IHRENEE
ICS 11 vs MCAO 590 2044
NE-ICS II vs MCAO 479 1519
NE-ICS I vs ICS I 77 94

PR FFRANIRTC . BRI S, 2R R T EMR R, P
FAR RS D Ot 29 AR, R B AR 1 IR PR e 1L
5t

5REE MCAO IR 7L, 75 5 77 & ICS 11

NE-ICS Il vs MCAO ICS Il vs MCAO
1417
522 1149
12
41 50
68
NE-ICS Il vs ICS 11

12 REAHFESHALERFEE
Fig. 12 Venn diagram of shared and unique target genes

among groups

# 9 NE-ICS Il vs MCAO KJ KEGG B EE N
(X+s,n=3)
Table 9 KEGG enrichment analysis of NE-ICS II vs
MCAO (Xts,n=3)

5 T K REFHH PfH
1 NF-«xBfE 5l 24 6.94881X10°¢
2 PS3{5HidEk 19 221109%1077
3 PI3K-Akt{5 5@ 50 4.97729%X107
4 I/MRE 24 6.67471X10°°
5 ECM-ZAkHEEARH 19  8.81026X1076
6 MBET-AEETZAMEER 39 1.12305X107°
7 TNF{5 58 8% 21 2.87280X107
8 Th174fE /b 18 3.87064X10™
9 ZfuiET: 21 3.97542X10™
10 MAPK{g 5 i@ 35 1.62513X107°

[ (=20 mg/(kg-d)] TR L 2577 REACRAN R 26-27),
AP 530 I ) AR B3 O ICS 1 IR AE A A
R (R2) Eminaf (B 8), TEREIKR Y
PL 5 mg/(kg-d) ) kR & R SR A5 v 77 B A B A
MEZFEMRMPCIRIITEL (B 10). %4550 E W,
I 3 ) 1 RO 1 AE DRUE ST 2R8I [R] B 32 2 PR A
SR, AT R H AR IR T AL
Ko LGAE R LN, NE-ICS 1| 78 #5580 N
KM oG 7 R I BT (R 8).
CAEM R, ICS I M4 i %5 MAPK.

NF-«kB. PI3K-Akt {5 518 % % VI H ¢ . MAPK @ %
RE s BRI R, R (A R AR I Pt R R AL
oAk, MTIREEMRE 2RERS, H0H] NF-«B 2k
IL-6+ IL-1B TNF-a 5 48 i K IR 2%, i) PI3K-
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[LES
NF-«B {5 5 il i
P53 {5 ‘5l %
PI3K-Akt {555
ML NRIE A
ECM-SZ A HAEFH
Y1 L H -4 L DR 52 AAAH ELAE
TNF {5 518 8%
Th17 40k
4 H T
MAPK {55 il i#%

EE 00000 ENm

fold change

-
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13 NE-ICS Il vs MCAO Hi 10 X EZEEHKRIKSEE DEGs B KEGG %E
Fig. 13 KEGG chord diagram of top 10 significantly enriched pathways and major DEGs in NE-ICS II vs MCAO

Akt {55l BRIE I A E ST R PR ST AR A
1M CIRTARZEO, Hek /3 s, NE-ICS I
Pt CIRI 1 FI AT REMCH T Hox 22 2 B A MBS R
REAH S IR P R (B 13), HAEGKIL
HIRFA T, WRRMEMRESEREE PR, X
LT AV LE L AT 5 I R A AR M 2%, A 1
KL

S AR TESE K W], NE-ICS Il 7E CIRI F5Y
oha] o R e IR L L G Il T 245 73 AT

HFRARZERELRS N, B ERRYE. &

56, HETHESRMEE T KA MCAO KR EIRLIZ)

YisEse, e IT AT RS 2tk vEah, Bt —

AR E R
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