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imaging application in mouse burn model
HU Tao', GUO Jiawei’, ZHANG Jianxiang’ 'College of Bioengineering, Chongging University, Chongging;
2Department of Pharmaceutical Analytical Chemistry; 3Department of Pharmaceutics, Faculty of Pharmacy and

Laboratory Medicine, Army Medical University (Third Military Medical University) , Chongqing, 400038, China

[Abstract] Objective To prepare neutrophil-responsive luminescent nanomicelles based on self-
luminating compound, luminol, and investigate their imaging capability for a mouse burn model at early stage
of inflammation. Methods Hexachlorotripolyphosphazene (HCCP) was utilized as the skeleton material to
synthesize amphiphilic LHP luminescence materials through chemical synthesis of luminol and polyethylene
glycol (PEG). The chemical structure of LHP was characterized using infrared spectrum and nuclear magnetic
hydrogen spectrum. Nanomicelle LHP NM was formed by self-assembly of LHP in deionized water, and then
its particle size and potential were measured. Transmission electron microscopy (TEM) was applied to observe
the morphology of nanomicelles. Optical fiber spectrometer, weak luminescence measuring instrument, and
small animal living imager were employed to evaluate the spectroscopic properties, chemiluminescence rules,
and in vitro luminescence imaging ability of the nanomicelles. After that, female Balb/c mice were subjected
to scalding with hot water at temperatures of 70 °C, 80 °C, and 90 C, respectively to establish a mouse burn
model ranging from degree I to degree II burns. The depth of skin scalds in the model mice was determined
through HE staining, while the expression levels of TNF-a, IL-1B, IL-6 and myeloperoxidase (MPO) in the
scalded skin tissues were assessed with fluorescence quantitative qPCR. The changes in reactive oxygen
species (ROS) levels over time and burn depth in the skin tissues were determined with ROS detection kit.
Additionally, the neutrophils within the skin tissues of model mice were labeled with FITC-Ly6G antibody to
count the neutrophil number. Finally, a small animal imaging system was utilized to examine the imaging
capability of nanomicelle LHP NM in a mouse burn model to analyze the correlation between luminous
intensity and number of recruited neutrophil in order to evaluate the effectiveness of luminous nanomicelles
for monitoring early inflammatory response and diagnosing burn depth in a mouse burn model.
Results Nuclear magnetic resonance (NMR) spectroscopy confirmed the bonding of approximately 5 luminol
units and a polyethylene glycol (PEG) chain to 1 HCCP molecule. TEM and particle size determination results
demonstrated that the prepared nanomicelles were spherical, hollow structures in a diameter of around 120 nm.
In vitro luminescence experiments revealed that the nanomicelles exhibited high brightness and sustained
chemiluminescence under varying concentrations of ROS and MPO levels, with luminescence intensity
dependent on both ROS level and nanomicelle concentration. The in vitro cellular experiments demonstrated
that the nanomicelles exhibited neutrophil-responsive imaging capability. The luminescence intensity was
positively correlated with both the number of neutrophils and the dose of LHP NM, with a linear correlation
coefficient (1) of 0. 98 and 0. 99, respectively. In vivo animal study revealed a significant increase (P<0. 05) in
the count of neutrophils and ROS level in the skin tissue of burned and scalded mice. Notably, at the time
point of 24 h, compared to the 80 C and 70 “C treatment groups, the number of recruited neutrophils was
increased by 86. 4%, and the luminescent imaging intensity rose by 71. 5%. These findings indicated that the
severity of burns was correlated with the extent of neutrophil recruitment in the injured area, and LHP NM
could effectively achieve neutrophil-responsive imaging in model mice. The changes in imaging intensity were
closely associated with the number of neutrophils and the level of ROS in the injured skin tissue.
Conclusion The neutrophil-responsive luminescent nanomicelle LHP NM is successful prepared, and the

nanomicelles enable responsive imaging of skin damage in mouse burn model. The luminescence intensity
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accurately reflects the neutrophil infiltration and ROS level, allowing for real-time monitoring of early

inflammatory responses in mouse burn model. Additionally, this study provides methods and strategies for

diagnosing burn depth.
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1.1 ##

1.1 SEshY 200 H 1 Balb/e /N B (10 J&
W5 AT 18~22 o) ¥ A PR B iR AR R A
BT SEH s YA 3% 5 SPF R sy s bl |, i 97
R /N BB IROK R R TR A 7 24~
26 C.

11,2 SRR S kedr s SRR & (NH,-
mPEG2000) I [ 74 % S fe A= Py BH 4 24 7] 5 Ik —
F W (DMSO) | B 7k & B ke (DCM) | & K i
(Luminol) S B K bl A 3t 5t A R WL (J&K) A 5
FALEN(NaCl) . = 2 (TEA) (TR 28 N3 = R
(hexachlorotripolyphosphazene , HCCP) #J1l4 H I 22 7
MRAT RS 7] 5 AR AN (NaClo) s AL R (H,0,) 1 H
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A#R B BE 2 R s 4 % B (Phorbol 12-myristate 13-
acetate, PMA) | #f i & 1k % B8 (MPO) Iy H 2 [H
MedChem Express 2y 7 ; i iR £5 - 5 /1= #£L 7K (PBS) ,
Z B W, ROS £ 22 R 51 (DCFH-DA) g 7 v [+
Beyotime 2> 7] ; 4141 ROS K38 70 45 0 [ v D1 90
5 S RRE I T v e TR A AR A B A BRA FD S FITC-
Ly6G HiK I [ 95 E Abcam A H] .
1.2 Fik
1201 vt 4 i e 1 & S A ks LHP /9 G R 26
fiE FR B HCCP 104 mg 1 NH,-mPEG2000 500 mg
A9 T 5 mL DCM, 76 HCCP %5 W H i A 200 wL
TEA 34 PEG ¥ W 22 18 % i A HCCP ¥, 7E 0 °C
STHPFE SN 6 h, IZ VAR R AR AR, PR
LS5 B 77 ) 78 4 BT KA B0 A R T 10 mL
DMSO, LA 600 pL TEA, FRIX372 mg &K T 5 mL
DMSO A LA _E ¥, 7E 65 °C&) T HiE I 1 48 h, 1%
M, % T3 3] H AR =9 LHP. FREUE B 7= 9 k17 4%
AR Sintw i eI T 2 ioal
1.2.2  RICHKIEHR LHP NM (1)  FRMF K fa e 1
WA BUS mg LHP K BPBHA T 10 mL 25 51K,
R VS A7 10 min, 5 E 30 min 75 2] o PRz 40 A i
LK S SR (LHP NM) 3 o 38R A (DLS) I
W HORLAR /N oA RN R TR o 2R FH 3 5 FL - 48l
% (transmission electron microscope, TEM ) Wi % X W
Iz

K DMEM 1558356 4% A _E 724l £ LHP NM, %
Tk, 9T 0.2.6.12.24 48 F172 h i [i] 2 0 2 H:
B AR AR AAE Bl 5 R I PBS ¥, 4% LA I 7 32 il #& LHP
NM, Z I R AR I, 5300 T 1.2.3.4.5.6.7 d I [A] 51
e HokpiiaAs Ak .

A B8 PR D L e e T R B PR RS
T 7R R A 1) 94 B2 R 6. 0107 mol/LL (1) v 1 3, I B
10 WL A5 HEV W T BRI , RF P B o8 2 45 & J5 L
1 mL A [A) & B2 1 LHP A 5 %5 W (V& B2 24 0. 000 01~
1..000 00 mg/mL) LA BE 55 i b, BEZCHE A 6. 0107
mol/L. FTSA T 50 ‘CHFE 10 h, FIREZE 10 he 286
FEIEAFAHE 390 nm BRI . FHE AT AT
16 [F] 300~360 nm, B 4% 58 B 2. 5 nm, 715 I B R
1.2.3  ROGHK I LHP NM (14K 4b & 6P fe T
B RHDGEGIEAL 53 575 % MPO L CIFil HL0, ¥k
JEARAE 40 K e SR B AR AL X LHP NM 2% % i 8 &
RICHCTE R SE M o RS43R4 K i 4h 4R
(1 mg/mL)5 LHP NM(3 mg/mL)7E NaClO(0. 5 mmol/L)

SN AR B EIE XY L, X R AL R R A R 2 B 7
K BRI R] 2 55 @ 44 4E H,0,(10 mmol/L) 55
N, MPO . CI'Xf LHP NM k2% Ko B B & ek i s
ey, #5348 1 C i S AR &R BRI ] 300 s 5 B %%
H,0, % % (1~10 mmol/L) %} LHP NM (5 mg/mL) k2% %
JEG T Y 52 ), B3 T E ST E] 100 s @)% %47 H,0,
(10 mmol/L) 254~ , LHP NM ¥ J¥ (% T PBS, 1. 25~
10. 00 mg/mL) % oAb 2% % 15 i s , X B A Ky [+)
& BUPBS, 4 it 5 B[] 300 55 & % %2 £F NaClO
(0.5 mmol/L) &4 F , LHP NM ¥ & 25 {1k (3% T PBS,
0. 625~5. 000 mg/mL) X} HAk2% K F 6 1S 1 52 ), X B
2 A AR PBS, U AT A] 2 s

K H BPCL-2-KGC f 55 %& 6 il & 4% 43 51l % 48
MPO . C1"F1 MPO #l1 il 57] 4-ABAH , ROS 75 B 7 Tempol,,
H,O, Mk FE AR, , 4N B AR B2 AR AR X 9K e oAb ol
s . N AR50 : DFE H,0,(10 mmol/L) 5514
Hedseiif 5 BB K ER (1 mg/mL) 5 LHP NM(3 mg/mL)
#£ H,0,(10 mmol/L) Z5 4 T 1Ak &G AL , 4 i) [i]
3 600 s; @7 %2 H,0, 7 i (0~10 mmol/L) X} LHP NM
(5 mg/mL) b2 B E A B 52, 54 1 8] 90 5 B7E
H,0, (10 mmol/L) 5~ , % %< LHP NM ¥ Ji&£ (% T
PBS, 0. 37~2. 50 mg/mL)fb.2% & IE U 52 m , 25 X
N R [FATH PBS, F3 4] 90 37 H,0,(10 mmol/L)
MR, %82 MPO ., CIXF LHP NM Ak 2% & 6615 1 5%
M) , ¥ ¢ 1 BC i R BE AR &R FHETE] 90 s, D% %8 NaClo
(0. 25,0. 50,1. 00 mmol/L)¥e A {5t LHP NM(5 mg/mL)
2E R CETE R SRR 40 s

i 2F Vilber (78 5 ) /N8l 536 A UASAX, 43 31 %5 52
MPO . CI'Fl H,0, H,0, ¥ B 25 Ak, 48 K e 5 v B A8 Ak Xk
AR AL 22 RS DI RERI SE MR . 7E 96 £L & {3 fL
M e B AR AR R VAR R 4 R D LB K i
AiER (1 mg/mL)5 LHP NM(3 mg/mL)7E H,0,(10 mmol/L)
SRR IR : @7% %€ H,0, 7 1 (0~ 10 mmol/L)
X LHP NM (5 mg/mL)fb2% &G AR 5% i ; @FE H,0,
(10 mmol/L ) 251 F , %5 %¢ LHP NM ¥ Ji£ (%5 T PBS,
2~5 mg/mL) fb 2% & AR B 52 R 5 (@7 %% MPO 7] 4
(4R ¥ 6.7~33.3 mU/mL) X LHP NM (5 mg/mL) 7£
H,0,(10 mmol/L) Z& {4 F 7E b2 & UG A 5% 5 7
H,0,(10 mmol/L) 5T , % %¢ MPO (400 mU/mL) ,Cl”
(400 mmol/L) %} LHP NM (5 mg/mL) k2% % Y A% () 5%
i), ¥ 9% 1 FCHI R VAR 2 , b a5 L R b 221/3,
VS W ] 58 S 37 BI /N sh 0 A A% R e EA T AR
1%, A% 2544 « binning=16, B G B 8] 5 min, Kuant
BRAOF A PR AR 2 5



http://aammt. tmmu. edu. cn P 2275 R 2 m43R, 2025,47(4) 339

#*1 LHP NM@EIMEFEERLEEESA

%2 LHP NM AR &3 b 288 4540

a5 LHP NM(5 MPO(400 H,0,(10  NaCl(400 PBS g5 LHP NM Luminol-Na e 41 it PMA
mg/mL) mU/mL) mmol/L) mmol/L) (0.3 mg/mL) (0.1 mg/mL) (5%10°4%) (100 ng/mL)
1 + + + + 1 + - + +
2 + + + - + 2 + +
3 * B + - + 3 - + + +
4 + + 4 + n

1.2.4  RGCYK I LHP NM 78 th ks 248 i Hh g gk
EimARs 2N
120401 i H A 200 B A R B H: PMLA il 3876 £k
1 J5 16 2 48 (reactive oxygen species, ROS) 7K %
Be il 39 %53k O TR ER VA, I I T mL X 5256 /)N Bk
P i i, R 4 hs /N BRUFH S5 300 SRR R
SUHE IR F AL BT, 75% W RG IR 5 min, BUH /N B 8 s 1
5575 mL JCTA PBS, 5 min J&5 O T PR T 10 mL 5
O 7E 25 °CF L) 500%g 250> 8 min, BUT 2 VLTE,
2 mL PBSH &, BB IRAIRF TG VE, 1 VE 29K, 8K 3 min,
b5 3 mL PBS Hik . B 12 FL , AbFL ik K 3 A,
AL R A B SX10° A4, BEAT AR 85 3%, 37 O
A 10 min, il A PMA (29 £ 100 ng/mL) , Jl# 1 h, 5%
H )5 B 40 DCFH-DA 3 €5, 358 F 5 3306 30 38 A 0
FEHARE  Zen FRAFAL L IEZ
1.2.4.2  LHP NM 7£ /7 ¥4 47 40 g i 1R 41 % 6 A%
i3 /NS R AR Z G WLEE LHP NM 7 Mk 40
H R EAT R B IR 1. 2. 4. 1AS 3]0 rh Mk 4 i T
12FLAR 8535 , A LHP NM J5 7 BIFE /N 8h 1% 44 %,
BRG AR . 8T 5 58 O A LHP NM 5
Luminol-Na 7 f s 20 i v A% 68 %t b, 6 40 i 1
FR 2L #2362 T A LB B B I A0 B RIS AR &
AR AR KL n=4; @7 22 R PRI I (0~5%10° 4~ ) XF
LHP NM (£ £ 0. 5 mg/mL) fb22 & SC S 52, 2%
HFEAR n=4; @B Z LHP NMIKE (& F 0~1 mg/mL)
Xof HAE PMA 35 AL B FP R4 (5% 10°4S) FR ks 2
BAR 5 0, BEAR BN B n=4; @ 2% 55 MPO #1111l 51
4-ABAH F1ROS 75 B3 7 Tempol %F LHP NM 7 H MKz 20
L AP AR B S0, F 3% 3 T 4 M 15 3% 12 FLAR R I R
Ak 2 . A% %14 : binning=16, B G [E] 5 min.,
Kuant AL FRRG G 45 5
1.2.5 LHP NM7E/ R 2 O A3 v R S AR fig

il
1.2.5.1 /NREEZ ORI A T B Balb/c M PE

/N 60 L, T BE LA L N 34, B 20 H, IR E
B LB/ T &, TR/ NI T R AL 2~3 em®,

#*3 LHPNM ARG EESAE

a5 LHP NM 4-ABAH Tempol B R o
(0.3mg/mL) (5 pmol/L) (20 wmol/L)  (5x10°4>)

1 + - + +

2 + + +

3 + +

4 + +

5 +

/N BRME BB 1 5 1. 5% 1% B HE 241 (30 mg/kg ) JFR B - [
FE L FE AR PR OIS ELAE R 1 em) 43 5IMA
70.80.90 “CHYFATK , H: 37 RIVER IS 0 /)N B 5 1z
JBk S TR ST 10 s X6 BEZH T i A SRK B4 P MO 2
AT AR A S5 AL 3
1.2.5.2 /B 05 B R 93 405 B2 Ik H&E 4 2 )
fRT PR LA BRI 1. 2. 5. 1 R & 4l/hEL 15 B, KOF
OO BN (U LB A, ARG AL ) S L, T
J 24 b IS R) A 3 2 S 008 P WG JRR I o 394k B, B
WAL 2~3 em® 422 J2 Tk, PBS thik £ Z Al , A
4% 22 T W S 1 2, 6 SE 4k IR A W R 55 ) (O e i
DO MA&E Ye ] i A5 2085 )5, W isE T gg, )
TERTIREE
1.2.5.3  VKURY) A Sz 5 e g 0 5 /) BUbe 72 1t
R R AU b IR A7 PR R AL A v e
B1. 2.5, 1A Al /NE 1S H IR 45 AL it — 25 Fa iy o
BEMLIIAE L R 3 4L, Al 5 40l T e 6,12,
24 b B[] A5CfT ) S 9o 308 Ao P R R e , 8 25 Ak B /)N
B, A 2N RO AR 2 3 4 42 )2 K2k L AR PBS Pk
PELRIE T IK Ay, OCT A M, kv 1) i WL Bz D i 4 v
VIRt Tag Bl JREE 10 pmo HUEA Kk V)
A B9 A PBS 5 ¥E 10 min, £ OCT w3 %], FITC-
Ly6G Yo, DAPLA Y , 3¢ 5 OB HE R AR LER
1.2.5.4  /NEURE 2 105 15 7Y 1 bk 21 20 ROS 7K ~F- I 5
B A/ INR AT A2 B2 TR 50 mg, ZHEV ST ANEIH 3 UK,
IR 60 s, J# 70 Hz. 7E4 °CF LA 500xg #5.0> 10 min
B9 o e DU ZH 20 ROS A6 I 57) &5 46 T ROS
K-
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1.2.5.5 LHP NM 24K i SR 7E /N BRUbe 22 40 A5 28 v 1Y)
BUg NSRS R GE LSS LHP NM 44 K e i
TE /N BB 2 DR R i ) AR < 40 H 10 Ji % Balb/c i
PE/IN BT B BEATLAIAE 12253 1O 21 0 JRZH RIS E4
n=4); B 70 “C4L, 80 ‘C4L, 90 “C4H , 4% ¥k 2 15
BEAL/ZH A 6 hdl, 12 h 4l , 24 h 4, #5150 21 FE AR
n=4, 5415 7R N s [E) 53 o R R E S 100 L
LHP NM (5 mg/mL) #17 B4 , B4 %& 4 : binning=16,
BRI E] 5 min. Kuant 2074 b B AG 25 5
1.3 it o

K HISPSS 20. 0 G i+ 53t , o s 0CH DD s 3R
o PR HECRH K ki AT Ge it 2 b, 241
BT R R T 200 . KKK AE «=0. 05, P<0. 05
KrEFAAGI PR,

2 #R
2.1 P amia e p & A A LHP #9 4 m B 4h K &
FBE R LHP NM #3 4 &-

DA G = WG a8, R B 6 AT
ARG 38 R AL B SO, (R 22 kv 2R & 1 (NH,-
mPEG2000) 7E A 3£ 7K i , 5 | ARk &G IT IR R
B KB, A P SEME ROk LHP, 8 Bt 21 4035
(B 1A) (FT-IR) Fl#Z g 3% (& 1B) FE[RIESE TR &
TEEAIE KIS CTE HCCP BB, i m A
o, SRR IE BT A B HCCP 48 E 295k G
T SAKIE LT — AR 2 T (PEG) Bk .

AR FHAE L BTk ol 22 i 5 1, il
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E2 LHP NM 9K R BRI K F2EMEEN

AWFZE FE—H %84T LHP NM 78 7] [A] 33 MPO
FTROS By Hh PR b7 20 M i A5 8 T o A3 3 XF
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(90 “C) AR (I 6E~H) . [m] T (70 C)HH/INRRT
T 2 455 (80 °C) & v 1 o 4 it 55 4 4 i 2 TH 24
86. 4%,

ARG — 5T /Ny T K5 AT LHP NM fE
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A:LHP NM (3 mg/mL)#= Luminol-Na(1 mg/mL) /£ NaClO (0. 5 mmol/L) &4+ T 6940 52 & % K% B ;B R R # 2 LHP NM £

NaClO(0. 5 mmol/L) F #94¢ 5 Z 5t %% B ; C: LHP NM & R F 44+ (MPO+CI'+ H,0 MPO+ H,0 H,0 PBS) | # T 894 5 &
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A :LHP NM(3 mg/mL)#= Luminol-Na( 1 mg/mL)/xJ}_ H,0,(10 mmol/L) &4 T 60 min M &8 18] 548 5 & b &A% H ;B: LHP NM
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