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Platelet membrane-modified catalase/silica nanoparticles inhibit radiation infection
XIONG Tainong' , LI Chenwenya', CHEN Yin', HAN Songling', WANG Cheng', WANG Junping'® 'Institute of
Combined Injury, “State Key Laboratory of Trauma and Chemical Poisoning, Faculty of Military Preventive Medicine,

Army Medical University (Third Military Medical University), Chongqing, China

[Abstract] Objective To provide an effective strategy for the prevention and treatment of radiation-
induced infections by preparing platelet membrane-modified catalase/silica nanoparticles (PCNP) capable of
targeting leukocytes. Methods PCNP and catalase/silica nanoparticles (CNP) were prepared by using
platelet membrane, catalase (CAT) and silica, and its biological safety was preliminarily evaluated with cell
survival test, hemolysis test and acute toxicity test in mice after tail vein administration; The culture medium,
FITC labeled (FITC") PCNP and FITC labeled (FITC") CNP were co-incubated with human peripheral blood B
lymphocytes (AHH-1) and mouse monocyte macrophages (RAW264. 7), respectively. Thus, there were control
group, FITC" PCNP group and FITC" CNP group of AHH-1 and RAW264. 7 cells. Laser confocal microscopy
was used to observe the intracellular fluorescence intensity of PCNP to evaluate the leukocytes targeting
function. AHH-1 cells were divided into control, irradiation, platelet membrane, CNP (100 wg/mL) and PCNP
(100 pg/mL) groups. After corresponding co-incubation, the cell media were exposed t06 Gy Co” vy
irradiation. The generation of reactive oxygen species (ROS) and cell apoptosis were measured to determine
the effect of nanoparticles on reducing radiation injury of leukocytes. Twenty C57BL/6 male mice (weighing
18~20 g) were randomly divided into irradiation group (n=10) and 10 mg/kg PCNP group (n=10). In 2 h after
corresponding agents were injected into the mice through tail vein, the mice received whole-body irradiation of
5 Gy Co” vy ray, and then in 2 h later, they were given intraperitoneal injection of multidrug resistant
Acinetobacter baumannii (MDR-AB). The infection inhibitory effect of PCNP after irradiation was evaluated by
detecting the bacterial load in main organs. Results The hydration particle of PCNP is 91. 3 nm in size, and
does not exhibit significant cytotoxicity or hemolytic toxicity at concentrations <400 pg/ml. Intravenous
injection of 20 mg/kg PCNP resulted in normal increase in the body weight but no obvious pathological
changes in the major organs such as the heart, liver, spleen, lungs, and kidneys. In AHH-1 and RAW264. 7
cells, PCNP showed significant advantages in targeting compared to the FITC® CNP group [(15. 45+3. 48)% vs
(9.33+2.03)%, P<0.01; (11.25+2.08)% wvs (7. 06+0. 71)%, P<0.001]. PCNP also effectively reduced the
generation of ROS [(22.73+3.71)% vs (60.90+9. 08)% , P<0.001] and apoptotic rate [(9. 84+0.92)% vs
(38.96+3. 62)%, P<0.001] in AHH-1 cells. In in vitro study, bacterial colonization after irradiation showed
that there was significantly less MDR-AB colonies in the spleen of mice intervened with PCNP than those of
the irradiation group [(17. 50+1. 38)x10" vs (13.20+2. 29)x10° CFU/g, P<0.001]. Conclusion PCNP can
effectively inhibit the complications of radiation infection in mice, which is due to its direct protective effect on
leukocytes.

[Key words | radiation infection; catalase; leukocyte targeting; platelet membrane-modified

nanoparticles
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JE i A TR S A 0 ) O /N AR A 9 K 25 ), B A
N BT IR SIS BEA ORI

1 #R57FE

1.1 E2EAAAE
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A IR EEE 30% 2K PRI AR T RRRE AL
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[3-( triethoxysilyl ) propyl] disulfide, BTEPDS) . f £%
M e VA% 4 B 5 () B S AT IR FD L 109% 7K
B AEEN B st B A YR A R W, CCK-8
20 N s A R PEAG DU 50 & B H AR R AR AR T
Annexin V-FITC 20 M08 1A 0500 & 88 1 ok B I
IR & R B R RIPA S0 P Lo 2
TREWE AR B A PR R, FITCT CAT W H P4 % Hii
o A W) BB AT IR W) B R % w3 7 W (phosphate
buffered saline, PBS) 14 F Jb 57 HAZ &4 AE W1 H AR A BR
2] B A L I A 38 Gibeo 24 A, RPMI 1640 1537
. DMEM 357730 F 3¢ [F HyClone 23 Al , Db /R SCHOL
REARAXE S [ B IR U AT FR A W) o He s i v 1
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resistant Acinetobacter baumannii, MDR-AB) Hi i 4242 152
KEFEE— B B e be i S B 2= W 2%
1.3 ARHDHE&
1301 3 S A Sl — A A ik 40 0K K7 (catalase/silica
nanopanicles,CNP) Al & B 1. 77 mL Triton X-100.
1.8 mLIECEE 7.5 mLIA O b & T RUR B H K
300 pL CAT /K (2. 5 mg/mL) .40 uL TEOS 160 ulL
BTEPDSIR A G M A 1. 5 mL EP & 75 %8 1 25 KHz #
PEPR% 10 min, H488 7 5= 3 5 IR S W I A B , 7
JA 50 WL 30% 28 /K KW, ¥ K i ZLIR AF 3T
200 v/min @ S PEEREFE 8 he B IIA 20 mL TN
i , B5.00 (25 °C, 18 894xg, 5 min) J5 W 4 (1 (4 UL TE ™
Y1, LN R 25 B oK PR 4% 3 W R T4 -
1.3.2 3 % A & B/ %R AR BE 95 0K KL (platelet
membrane modified catalase/silica nanoparticles, PCNP)
4 /MRCREE A CSTBL/6 /)N UMLK , % F I
O R R T B 0/ IR FEE 6, P 5 A 1 e A o 550 1)
PBS & Pkt 3 UG, W I /IN A 5 40 kT B V7 AE 25
Tk IR AR AEHL(100 W)UK A7 10 ming
41 mL /MR BEZE W 5 1 mL CNP(1 mg/mL) i
T4y a4 L T8l 1875 3 min, A 37 “CHEFE4H 30 min
il 75 1L/ Al RS 55 1 49 KB PCNP, £ 4 °CA 4 T LA
16 099xg B5.0> 10 min, 15 | 5 2 7= 4] PCNP,
1.3.3 FITC" PCNP } FITC' CNP il 4 CAT K
B0 FITCT CAT /KIS, ARl &P 3R IA 1. 3. 1
F1.3.2,
1.4 ARZBPIRINEAE

PB4 254 H9 CNP AT PCNPIE T /K 5 T S IR 800k
ARSI 5 7K G R AR RN R T FLA, ) B R 4K 25 )
25 2% WS TR (pH=7. 0) Yeta )5 , FH = e a8 5 L 7 i 7k
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H T BN RL R CAT RSN BT 4T 4 , B PCNP
& & T PBS(pH = 7.4) 75 %] 1 mg/ml, PCNP IR & ,
37 CFHCE T 200 v/min FEIR T E , 0 5I7E0.6.12,
24,3648 .60 F172 h &0y, UL 1 WA FH 2 11 ik 3 )
A2 AR G 2 PCNP YRR T 9 SR CAT Bl it , IF
AR [F] ] 5 PCNP S8 CAT BT T 203K
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100. 0.200. 0.400. 0 pg/mL) , %8 J5 53 7l B 1 mL PCNP
VAW .1 mL 4liK A1 1 mL PBS VA , 5 20 wL AUZL 40 i
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[D(542) M. #iMZtHaA=:
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R0 I L i B L2 T HE G a5
1.9 PCNP %} & 28 i, ¢ $e. 6 2 e8]
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JL Ak XA K 5 43 ) AHH-1 4 LRI RAW264. 7
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1.10  PCNP 28 J b5 3 4 4]
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1.12 D RAAEE
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BT A T e B . R R 20 H i BRE IE 1 CSTBL/6
/N B A T SRR HLA AR VL S O (n=10) cFR R 5
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B £R 7K, PCNP (10 mg/kg) 41 >R FH B i bk 78 5 200 wlL
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J5 225001, P<0. 05 Fn 2 57 HA G #E X

2 #R
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/N U B I 5T 20 mg/kg PCNP Ji5 14 d PRAS 1A 5 178
b JERS 507 5 A TR b, SC B 45 S W] PCNP Ab B 5
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A :CNP #= PCNP % i 5t .45 B 1% (n=3) ; B: CNP ## PCNP #) K & 4242 (n=3) ; C: R B 4 K 4569 & @ w440 28 R (n=10) ;
D:SDS-PAGE #- | 4 & ; E: PCNP £ PBS(pH=7. 4) ¥ CAT #9830 4T A W 2%,

El1 PCNPAKZEWIBNUERRIE (7xs)
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O JHE BB A R RS H S B e (BT 2D)
R EE AR R PCNP LA RAF AR N AW 2 4
M, R SR D RE AL B4 SE R
2.3 PCNP3e@ & e st it

R T VPR IS R BB 2 5 T 4 KR B )
40 B (19 3 BE L ¥ FITCT PCNP I FITC' CNP 43 51 5
AHH-1 }2 RAW264. 7 4L F 12 h, o JOGIE R
NZEAT LA &R, FITCT PCNP ELAT 48 1 1) 1 40 A W
HROEI3A) o WA 40 B i 47 o =X 20 e i85 o i, vl O
FITC" PCNP 4b 3 20 41 it (%) 5 56 {5 5 W 1 AL W v
FITC' CNP AL L (K 3B.C) . #E— 4811 FITC 41
TR, 45 L % PCNP AP AHH-1 40 b FITC 20
JiE 43 2R 2 T NP AR B AL [ (15. 45+3.48)% vs
(9.33£2.03)%, P<0.01], [AlFEH , RAW264. 7 4l f 22
PCNP &b 5 FITC 41 B 4335 5 3 5 F CNP Zb 4
[ (11.25+2.08)% vs (7.06+0.71)% , P<0.001] , UL
K 3D, LA 45 R 0 PCNP ELA WA 14 1 20 Mo 30
] DJ6E

100

BIRTEIER/%

2.4 PCNPIRINE IR @ 20 J3 5 Bidh 69 4F R 37 4%

S F I/ IR S ) F 400 S 1) D) R L B2 CAT X A
P 5 A 3 BV T, AN PCNP W] 8 ELAT U5 11 40 B i
SHAGIVER o 0 T 30 UE X — 3B A8 ARSI T 7
B IR T EAE T, AHH-1 40 i 2 37 o o 5 55
Jei ML N ROS 19 77 AE A B . A&l 4A JT 7, A 3T % R
HANML, 6 Gy Co® ~y SFFEAL TR A ZH L N ROS K FL.
FIJH 100 pe/mL PCNP FHUF & 4 LS , AR T4 REZH AT
8 2D B A S B ROS P2 AR [ (22, 7343, 71) %
vs (60.90+9. 08)% , P<0. 001, K[ 4B ],

HL B A 7 A 1 ROS 2 5 SO 20 i 0 1 ) TR
P . it Annexin V/PTXUER Y {0 LK A0 i 3035
SEE  HE— 25T T PCNP X [ 40 M5 5453 403 52 0
5 ROS & BUIE 00— 20, BF 21 U A] 155 38. 96% 1Y
AHH-1 401 % A= Y8 1=, PCNP T 75 1 S 2 A 1G22 95
Fr 2 9. 84% [ (9.840.92)% vs (38.96%3.62)% , P<
0.001], T CNPALBEAR- " 14. 58% HY 41 i 52 32 4% 5 45

=
w

ky L
ST L4 S 27 bo et
\s\l\gl\@\lo\,@lo\,@l\gl ~— 20 mg/kg PCNP
SICRUSES .q°’ 24

21

KRE/g

18

X e

20 mg/kg PCNP

A:HUVEC %0 e 7% % (n=3) ; B: PCNP 4R 415 2 52 85 (n=3) ; C: PCNP(20 mg/kg) 25 )5 s AR R T E LW & (n=10); D:

(20 mgrkg) 525 DR EZMB HE R E 4R

PCNP

2 PCNPHIWISEWMREMETEM (52s)
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Bi(E4C. D). LRgs Uil , PCNP RERE I i B 46
SERTEL AN ROS B A, DI 036 1 A LA7 16 %
2.5 PCNP %2 & it 545 , 4p ) 38 43 B 42 9F &
RO P i

i 1 /0N BB MR E 28 28 O AR SE 5 R DL & B
PCNP 28k 13 35 I 35 40 A 78 E AR (&1 5A) , 3F:
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