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W b 2025 4F

HA330 W e Mk I 2%, YR HEZ RS
Yikp Rk, I SR T R I, 2 B KT
e A R E B, 70T E<30 kDa, 1M & E
i A 7 £ 0 IE s A0S, JE gk, ASHE 5T
2% 7 a5 1 HLfar 1R PS-Arg Rl 45 91 HLfif [ PS-Glu W
B AA AL, 3 B v N7 2 AN [R] F g R B A
LA e B3 0E /) BRIV 2% S8, SRORE B 77K F
AU 3R B AR AL Je AR A SRR, DL E
LI VA 28 A0 L IR i, R
iE [N, B AR /N B AR TS 26, JF N I
AR TT IR EERE (R I BIL S R B A R a2 3 25 I PR
SR BE IRl I AT 7T B

2 SKIGERSY

2.1 {UEEARAF

A PR (%A, BS
MERLIN compact); X # £k ) H T 58 15 43 BT 4%
(Thermo SCIENTIFIC, K-ALPHA): 4= [ %/ Ifi 4 1
ST A (AR Tk PR+, MEK-7222K);
R O AL L EOHLA R AR, LDS-
2B); & EZ&IR K (ALP, CL-32L); ZL4My
JFETH (L HEE, CARY 630); BEFRAX (Hfi+
TECAN A &, M200); 4= H a4 41 i K #l
(ASP200S); A i AL AL (Leica EG1150H); A1
Y] A Bl (Leica RM2255); 4= H 2l 8] B 2¢Ok &
s (%87, Axio Observer7): “SBRHL (&Y Fit
A G RHCA R AT, R5001IP); HIE S S 4%
PR (s 7 e i e & A IR A F, HZP-150).

WAl EER, BEmR (LR T AR
H AR AF), —HHEIFKDMSO, NaOH,
BN M4, PSHER. PS-C1ER(20~40 H, “FJ
A EN1.292 mmol/g, HH T KRR K
PRt #520230912); AF K (KK HIZ
A R A7) TNF-o fil IL-6 40 i [ 7 % T %

(R&D); /I i ELISA i ] & (Thermo Fisher
Scientific; TNF- a: 88-7324-22, IL-6: 88-7064-

22), IR ] (PT) P A&, Aoy
ML B 7] (APTT) w76, $90 E LK
EVBARA RN

;Y. HARHHA% (2.7£0.3) kg, MWHEIL
R LI IR L SPF KM /MR (26+
2) g, WAL R RADMBEB A A R A
PAFRFAF: ILHGIRIRTR, A ddt g R,

ENENRRL, BRI 12 h, HAXTERE (50+
10)%, =i (22+3) °C. SLIRHTIE N HEMETE 1
LR A B S0 2 R HE T 5 25 BL 24 5T
BT 5 W A8 B %5 03 2 LV (4% 5 IMPS-EAEP-Z-
21JCYBJIC01680-01).
2.2 TEAREREER R R MR

PS-CI1# A A5 F 71 4 08 1 T /K 2085 22 itk
Ui, BREMBCEEY, FEHAKZ K
WVE T CBETRE - N FT 4 8 25 PR B R T
B K, FRELS g A PS-ClT 25 mL DMSO 7,
I B AE 40 °CHEIR FIENK 30 min. HIA 6 mL#
AR/ AR NaOH /K, HAP &R & &
912 mmol/L. 4 Jx Bk & i BE 92 12 7+ &
70 °C, LL60 r/min 3R [ 24 hUST, [ W
SiRJE, A KHEIFEERZ IR, BRERKR
LB RR , SR I 2 B R (1) PS-Arg F1 PS-
Glu MR 7 AW Bt i R 2lifb Kb, 4°CTF
#H .
2.3 BLERERAE
231 T R RAE

Iy BT 25 H) PS. PS-Arg A1 PS-Glu W Ff 571
TRept b, 1E40 CCHEFE T8 72 h, ORI B
A K 78 4 5B . SRAHEH B 7 BBt
MEEPS. PS-Arg Fl PS-Glu W Fff 751] (1) 2 1f1 T 55 Al
WO FLEE 4 -
232 XPSILEMHT

¥ 85 19 PS. PS-Arg 1 PS-Glu M Fff
FITBN S, BB R S Mk K. KA
X B2 L T RE UG 0 A ACHEAT A, A I B
A& TR AR AA N & & .
233 fLAR AR TR

B 25 W B 50, 38 3 R R B 92
(BELSORP-mini II) #l i PS. PS-Arg 1 PS-Glu
19 280 B - B 25 R 285 R Brunner-Emmet-
Teller (BET) 15 84 iH SHAE dh W LL R AL . A H
Barrett-Joyner-Halen (BJH) #5811 57K i (1) FL1Z
I3 At
234 JiEERE

Z W AH G SR T8 o i R 56 PR R 7] 19 g 2
S EEAT I FRELS g WP (20~40 B, i
il A m) B THIRMRS, KK A 5 = A
HE A BIEER (my)« 50 mL Z808K, B G &3,
ZF 0T 250 min Rz 2 h, M FH 40 H bR
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FBRBEARTIER, 4 T A WO o 79 R 3 B PR AR
Flms, WRHER (1) HEBBE.
B=(m+my-m3)/m;x100% (1)

2.4 KSR B3R

¥ —E R PS. PS-Arg M1 PS-Glu E T2 mL
BOEd, 2Rl mL & & 4K T TNF-a
B IL-6 BRI o 4 Rk R B T 7l R
60 r/min. & E Y 37 °C[FHE K H 9% 5 W 2 he
{8 T ELISA 32751 450 %00 W B A 25 o 1 400 i 18] 7 9k
FEREATAGI, R (2) Al (3) 20 B SR BT
K (%) F & (pg/g).
_Ca—Cs

Ca

s AR Jy W B 7R 6 A B DR TR W B
2, Y%: Ca Al Co a3 W Bt 117 J5 A5 40 L 37 Hh 48
H PR 7 19, pg/mL.

_(CA—Cy)xV
‘4A4;-4445447i74444* 3)

T AM B R 0T 2 A R T ) B
pglgs CaFH Cy 73 W B BT J 4 M R (R B
pg/mL; VW B F AL IE AR R, mL;
WA IR &, g.

25 SEYHEEME
2.5.1 ¥ ELE:

pliibORYIreRAR i b s T NI RANE -4 Sl = w9 a
W 5 2 F Rl R R R v e . K H AR K H B
REEAEFAE L, EHEGHEKORDFET
EDTA-K, 75 RIME H, W MBI SRR R
5. PRIRPUALIL SAEFEEK 4 ¢ 5 Y LA 1 R
M. OBESRAA: 758 LEFIAS mLAE
HE K, QFFPEXIRAIB: EELE RIS mL
EEFK; OLIWAC: EEOLEHIANS mLA
HEER KA 2 g W PHFR). 2, 43 aliml 3 B O
BN 100 uL IR PCHI G AR R, 37 °CK
WHATIEE 1 h (5 15 min BRRE —K), &G
B 3~4 mL B35, 72500 r/min R 250> 5 min,
557 FH B O 58 b3 WAE 545 nm A6 B TR FE .
F R (4) TH BB R 03 T e

AR

x 100% 2)

_ OD.-0D,

HR= ODg— 0D,

x100% @)

A HR N HIE MR, %5 ODax
ODg F1 OD¢ 43 1) R B 4 % HEZH L B 2 o) 1 2 D

SEEGAH ) OD1H
2,52 I SEES

3 A 0 S S A I ) R I AR R R AR 5 22
2 fi 114 5 A7) PR 8 0t M o o SR I R I Y
AR BR AN PUAE R AR AR L A 9« 1 I Ll 4%
RAYA], T 3000 r/min | &5 10 min J5 W E L
TR R T e I

FRELE 45 PS. PS-Arg A1 PS-Glu W Fff 71 %
100 mg -5 mL BS.C & 1, A 2 mL 3 if 3%
TR E N 37 °Cy B3 N 60 r/min 12 IR R IR
15 min. BUH BJEW, A 4 B 3h it fr ik
Wi 2 _F IS APTT A1 PT fH..

2,53 54 EAE AL

FE W B 77 5 A i B R Rk, DA SR P 5
XoF A I A L4 PR 23 PR R T o ST 6 T4 R A 7
BT AEMHB K RELIR. MTREKE,
HY PS. PS-Arg #1 PS-Glu W [ff 71 & 200 mg T
5mL B0 d, I 2 mL EDTA-K, ik 1) 5 if
4 1fl, F 60 r/min. 37 °CHIEIK TR 1 he &
B AL, A 4 B 3 g B o B ORI 4 1 A
LA, A, MR DL AT B F R EE -
2.6  BE R E N IRBE A R3S BR S E /N R TFRUE
7 SKI6

(1) R H & W &5 4L % ] CLP k05202218 2 ik
BEAE /DR . RETZEGAZEK, &S KWE
W IE R LRI R R 2 1 em, B3 B ALIA
=, HANEEERNE IR, £EE
For A i 1.3 em &b 25 3L, BE 45 3L A A E B K ot
0.5 cm Kb 5l —FL, FHFERFLAF B RN
VEHE R R g, BEXE, 46010,
PG v AN AARE T S BE T 50 mg J0 B A TR
BEAARE, FORGE S B G IR, Sl il AR
MARAE, RIEEY. KEN L. BFRAN
THIEERMNE N, BRI EZE4ES .

(2) # CLP & BLRAT (1) ik B3 E /) B B HL 2>
RERIA . PS4, PS-Arg 2L PS-Glu#l, 441
101 4l FARAT0d, RF1. 2. 4. 7. 14750
21 d AR, MESHEMETHER. Q)%
CLP V%16 B3R A3 I ke 759 /D BRBE AL 20 AR TR
. B, PSA. PS-Arg ZHAIPS-Glu4,
102 ER24 h G REMBEME L E, @
I Elisa 77 65 A6 00 28 A5 40 i [A - TNF-a A1 IL-6,
Fil I HE 42 (R A 239 2R 1L
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PS-Arg AT th o
3.1 SEHARBRFETREERR PS E WA & 32 ELMEEET

PS #ifk bS5 5 R R/ R I A
R A AB I J 845 3] PS-Arg A1 PS-Glu W 71, il
I FE AR RS F B 1(A)~(C) BTz BT A PS
WA AN 20~40 H, WK 1(D) Frax. #4521

H B 2(A)~(C) 7T &0, WRCBH A1 R RSN
400~600 pm FIFEER, KNS HIE 2(D)~
(F) T %1, PS. PS-Arg fll PS-Glu it Bk 3 [ /3 #ii
ERONNELY STERES T R

PS-Clk 7

e
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H CcH
AL C-HE T OHCT T CH-CHg
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= Hois
A PS-Z AR C
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Figure 1(A) Preparation process diagram of PS-Arg and PS-Glu; (B)~(C) Molecular structure; (D) PS-CI stereomicroscope
image; (E) PS-Arg and PS-Glu adsorbent.

E 2 - 3

100 um

200 un;

2 SEM&AE:(A). (D) NPSHEK; (B). (E) NPS-Argii¥k; (C). (F) NPS-GluffEk (Fi (A)B)(C) HIHLEIR N
100 pm,(D)(E)(F)(¥ EL 451 R A 200 nm).
Figure 2 SEM characterization: (A), (D) PS microsphere; (B), (E) PS-Arg microsphere; (C) ,(F) PS-Glu microsphere (The
scale of (A)(B)(C) is 100 pum, and the scale of (D)(E)(F) is 200 nm).
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Glu [N JCZE & 5 318 0.69% F10.8%, H N
TLEKRETRER, R Arg MIGluREHEE A

FH O S B B G B T 344 b5 PS-Arg 1 PS-
Glu ) ClTT &R & &5 N 0.47% F10.46%, 35171
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SR FH G0 Bt BRI 23 A B B ) 1 L
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Figure 3 XPS spectrum.

R/ AFBRIH R TR SR

Table 1 Relative elemental content of different adsorbent

materials.
AR C (%) 0% N(%)  Cl(%
PS-Cl 90.6 8.6 0 0.8
PS-Arg 93.45 5.4 0.69 0.47
PS-Glu 93.31 5.44 0.8 0.46

TV Bhsk. HR2 7%, PS-Arg A1 PS-GluM
B 55 7 245 7L 4% 43 990 M 5.1258 nm 14,2874 nm,
% /NF PS (T4 £L4% 6.1782 nm, X AT g KA
SR AL AU R A B R T LA, A
e, 3 PR FRARNY BABOR B LR TH AR A K
KA AL o

1000 —
—ps
PS-Arg
800} PS-Glu
= g0t ,
B
3
= 400}
E
sl‘l
Z' 200}
0 -

(I) 0l.2 OI.4 0I.6 0[8 ll.O
Relative Pressure (p/p,)
4 PPRHRN, BB/ B A 25
Figure 4 N, adsorption/desorption curve.

2 WMFIRIESEL
Table 2 The physical parameters of the adsorbents.
R B 55 Sger (m*>g!) T, (em*g?) D, (nm)
PS 585.1 1.3474 6.1782
PS-Arg 500.06 0.8965 5.1258
PS-Glu 501.45 0.8028 4.2874

E: Sper N BET R, T, 8 LA DN T EIALAE.

T T i T 2R O S S B A ORI ) A SR BE
1% 3 T AN, 40 G H O A0 R0 0 0 R AL 2 AR K
PS-Arg F1 PS-Glu W Bt 71) i1 55 26 73 531 4 (0.80+
0.02)% A1 (0.81£0.04)% , % K F PS il Bk )
(0.55+0.03)%, X AJREE 2L R N FEH 1 F 0
FEBS TN B o 3 2L B A4 R 3 B BOm 1) ) %
S JENT,

w3 IR I A R A
Table 3 The fragmentation rate of different adsorbents.

B B 51 TR (%)
PS 0.55+0.03

PS-Arg 0.8040.02

PS-Glu 0.8120.04

3.3 KSR SEIE

HHE S A%, METF PSR, fhiakaE it
T2 J& (1) PS-Arg I PS-Glu W Fff 7] %6 15 481 1fiL 375 v
TNF- o 19 W Bt % M (33.2940.63)% & = 2] T
(49.41£1.07)% F1 (44.53+4.25)% , " [t & M
(12.35+2.71) ng/g 43 7l ¥4 K & (15.48+0.34) ng/g
A (13.95£1.33) ng/g; XF IL-6 [ W B & M
(61.34+2.01)% 71 7l ¥ K F| (73.87+0.21)% Al
(74.37+0.40)%, W Fff & M (5.70+0.18) ng/g 53 il
KA (6.86+0.02) ng/g Al (6.91£0.04) ng/g.
3.4 IMEMAEEMHE

PRV MR B, 9 1 Xt 2 55 B e ot R 20
] OD 1543 5] 4 0.004+0.0005 5 0.871+0.001, £F
SRt (YY/T 1651.1—2019 B 7 234 v I ik 56
FE1ESY s PRI T I AREG ) H I it i)
MK . WK 6(A) fras, PS. PS-Arg #1PS-Glu
W B 7510 %) 35 128 43 551 24 (0.19+0.06)% + (0.35+
0.00)%A1 (0.31+0.07)%, MK T HruEHE 1 5%,
2 W [ BOAG 20 R A A R A 2= 19 0 I of XU
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Figure 5 Adsorption performance in vitro (TNF-0:939.97 pg/mL, IL-6: 929.18 pg/mL, BSA:30 g/L).
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Figure 6 Biocompatibility: (A) Hemolysis rate; (B) Effect of adsorbent on whole blood components; (C) PT test; (D) APTT test.
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Figure 7 Hematological parameters, weight change and survival rate of septic mice.
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Research paper

Study on the Regulation of Inflammatory Storm and Improvement
of Survival Rate in Septic Mice Using Amino Acid Loaded Blood
Purification Adsorbent

ZONG Wen-hui', CHENG Lin', SHI Meng-rou', CHEN Bin!, LIU Wei-wei', LIU Zhuang?,
WANG Xiao-hui'*, OU Lai-liang®*
(! Tianjin Institute of Medical Science, Tianjin 300020, China,* Key Laboratory of Bioactive Materials of Ministry
of Education, College of Life Sciences,Nankai University, Tianjin 300071, China)

Abstract In this study, PS-Cl microspheres were used as carriers to prepare adsorption materials PS-Arg and PS-
Glu with different charges through chemical coupling of chloromethyl and amino groups; The surface
morphology, element composition, specific surface area, pore size distribution, mechanical strength, the
adsorption rate for TNF-a and IL-6 and the biocompatibility of the adsorbent material were investigated; Using
sepsis mice as a model, the effects of adsorption materials on blood indicators, body weight, inflammatory
factors, histopathological damage, and survival rate of sepsis mice were investigated by intraperitoneal injection.
The results showed the adsorption capacities of PS-Arg and PS-Glu for TNF-a in simulated serum were (15.48 +
0.34) ng/g and (13.95 + 1.33) ng/g, respectively, which were higher than that of PS adsorbent (12.35 + 2.71) ng/g;
The adsorption capacity for IL-6 is (6.86 = 0.02) ng/g and (6.91 + 0.04) ng/g, which are also higher than that of
PS adsorbent (5.70 + 0.18) ng/g. The hemolysis rate of the adsorbents does not exceed 5%, and the APTT and PT
values are comparable to the negative control, with no significant effect on blood components. Implanting
adsorbent materials into the abdominal cavity after modeling can improve the survival rate, and the PS group
having the highest survival rate of 80% at 21 days, far higher than the 40% in the model group. After 24 hours of
modeling, the TNF-a levels in the PS, PS-Arg and PS-Glu group decreased by 28.29%, 45.6%, and 33.47%,
respectively; While the IL-6 levels decreased by 16.66%, 22.91%, and 18.83%, respectively; The pathological
damage of the lungs, pancreas, and spleen is reduced, confirming that intervention with adsorbent materials in the
carly stages of sepsis can alleviate super inflammatory reactions, reduce tissue damage and improve survival
rates. This study provides fundamental research data for clinical practice such as the timing of starting blood
purification therapy for sepsis and the optimal type of adsorption material.
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