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Preparation and characterization of the second near-infrared window fluores-

cent/photoacoustic imaging liposomes
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Abstract  The second near-infrared window ( NIR-II) fluorescent dye IR-1061 has the disadvantage of poor water
solubility and low quantum yield, which limits its application in biomedicine. We used liposomes as the carrier to
increase their water solubility, and co-loaded a near-infrared region ( NIR-I) fluorescent dye IR-780 into lipo-
somes to enhance the fluorescence intensity of IR-1061 in NIR-IL Results showed that the liposomes exhibited
significantly enhanced characteristic fluorescence under 980 nm laser irradiation. In addition, particle size,
appearance, photothermal conversion efficiency, photoacoustic performance and cytotoxicity of liposomes were
examined. This study showed that these combined liposomes exhibited potential as a NIR-II fluorescence/ photoa-
coustic bimodal imaging system for the diagnosis and guidance of tumor photothermal therapy.
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Figure 1  Structure of IR-1061 and TR-780
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Figure 4 (A) NIR-II fluorescence images of IR-1061-780 liposome in water,free IR-780 and IR-1061 in DMSO; ( B) Linear fitting of Fluorescence
intensity as a function of IR-1061-780 Lip concentration; (C) Fluorescence spectra of IR-1061-780 Lip,IR-780 Lip and IR-1061 Lip
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Figure 5 (A) Temperature increase of IR-1061-780 Lip under irradiation for a period of time; (B) Photoacoustic (PA) intensity of IR-1061-780 Lip
with different concentration under laser irradiation
3.5 mpeilk
A MTT £ 1 I8 Bk i 228, an sl 6 Fir
7 5 YA [ o kR Y TR-1061-780 Lip A4 fifg St
RIS 24 h 5, A5 SR TE 95% LA b RV
JREE R A 5 mg/mL, XA A A7 TG R ALIEIC 2
F R, X ] TR-1061-780 Lip HA R4 % 4

4, % MDA-MB-231 4ff g JL-F- % A7 13 3% o i i 41
SMGCIRZ G A TS R B B BRI s Ak B
5 mg/mL B, LA TG RN R 47 % , % W] IR-
1061-780 Lip X MCF-7 4ifitg A5 — & R il =% , 9k
VEFR Bt W B2 p 35, BB A B X MDA-MB-231
20 AT ) 2 A AR



564 ¥ @ & # X &2 Journal of China Pharmaceutical University 2019,50(5) :560 — 564 %50 %
120 » No laser cent probes in the second near-infrared window for systemic
= Laser delivery and detection of ovarian cancer[ J]. Proc Natl Acad Sci
M S 4,2016,113(19) ;5179 — 5184,
E* 80 [8] Zhang XD, Wang HS, Antaris AL, et al. Traumatic brain injury
% 60 imaging in the second near-infrared window with a molecular
; 40 fluorophore [ J ]. Adv Mater Weinheim, 2016, 28 (32 ) : 6872
o)
= - 6879.
20
[9] Diao S, Hong GS, Antaris AL, et al. Biological imaging without
0 03125 0625 125 autofluorescence in the second near-infrared region [ J ]. Nano
o(IR-1061-780 Lip)/(mg/mL) Res ,2015,8(9) :3027 -3034.
[10] Yu XJ,Yang K,Chen XY et al. Black hollow silicon oxide nano-
Figure 6  Cell viability of MDA-MB-231 cells treated with different 1 hishly effici Hotol | _—
concentrations of IR-1061-780 Lip with or without laser irradiation (x + particles as highly efficient photothermal agents in the second
s.n=5) near-infrared window for in vivo cancer therapy[ J]. Biomaterials ,
2017,143.120 - 129.
M
4 % e [11] MaJJ,Yu MX,Zhang Z,et al. GA-DTPA-coupled Ag, Se quantum
5 RoI dots for dual-modality magnetic resonance imaging and fluores-
AN
ZIK EJLI_LEH%ﬂ( /ﬂS{iﬂﬂ%I—Jﬁj‘ oS ﬁ NIR- cence imaging in the second near-infrared window [ J ].
= v Mz A D Mz
ZEYeYekl IR-780 A1 NIR-II %6 4L k)t IR-1061 (118 Nanoscale 2018 ,10(22) ;10699 — 10704.
SR, DG BE IR 45 SR F2 B IR-780 fy i A [12] Yang DP, Cao C, Feng W, et al. Synthesis of NaYF4;Nd @
1ELZ B > v _ A 5 NalLuF,@ Si0, @ PS colloids for fluorescence imaging in the sec-
THZIR BTR HA I8 K Tl B IR-1061 12 AT +@5i0, ging
.[H:&I\ Eﬁ} E‘J;“ﬁiﬂh%jﬁﬁ% iﬁﬂ%}]fﬁ}m % b'fﬁﬁ%” IR- ond biological window[ J]. J Rare Earths ( ¥ B # £ 53 3% L
b PASE)
#&) ,2018,36(2) :113 —118.
1 - i E‘ - e, ) TNy
061-780 Llp /\ﬁ NIR-II )gjjlﬁ/j[ﬁfﬂ XX*i & EE/T%%D [13] Li YB,Li XL, Xue ZL,et al. Second near-infrared emissive lan-
HEPF)?““J?‘ IJH/‘J Ygejj ° thanide complex for fast renal-clearable in vivo optical bioimaging
and tiny tumor detection[ J]. Biomaterials ,2018 ,169 ;35 —44.
2 % x
[14] Feng Y,Zhu SJ, Antaris AL, et al. Live imaging of follicle stimu-
[1] Tao ZM,Hong GS,Shinji C,et al. Biological imaging using nano- lating hormone receptors in gonads and bones using near infrared
particles of small organic molecules with fluorescence emission at II fluorophore[ J]. Chem Sci,2017,8(5) :3703 —-3711.
wavelengths longer than 1000 nm[ J]. Angew Chem Int Ed Engl, [15] Hong GS,Zou YP, Antaris AL, et al. Ultrafast fluorescence ima-
2013,52(49) ;13002 — 13006. ging in vivo with conjugated polymer fluorophores in the second
[2] Bu LH,Shen BZ,Cheng Z. Fluorescent imaging of cancerous tis- near-infrared window[ J]. Nat Commun 2014 ,5 :4206.
sues for targeted surgery[ J]. Adv Drug Deliv Rev,2014 76 .21 — [16] Wan H,Ma HL,Zhu SJ,et al. Developing a bright NIR-II fluoro-

38.

[3] Ding F,Zhan YB,Lu XJ,et al. Recent advances in near-infrared
II fluorophores for multifunctional biomedical imaging[ J]. Chem
Sci,2018,9(19) 4370 —4380.

[4] He SQ,Song J,Qu JL,et al. Crucial breakthrough of second near-
infrared biological window fluorophores: design and synthesis
toward multimodal imaging and theranostics[ J ]. Chem Soc Rev,
2018 ,47(12) ;4258 —4278.

[5] Hong GS,Antaris AL,Dai HJ. Near-infrared fluorophores for bio-
medical imaging[ J]. Nat Biomed Eng,2017,1.0010.

[6] Yan DH,Wang B. Synthesis and characterization of Fe;0,@ SiO,
magnetic- fluorescent bifunctional nanoparticles [ J ]. J China
Pharm Univ( B 254 K 5 53k ) ,2012,43(4) :307 - 311.

[7] Dang XN, Gu L, Qi JF,et al. Layer-by-layer assembled fluores-

[17]

[18]

[19]

phore with fast renal excretion and its application in molecular
imaging of immune checkpoint PD-L1 [ J]. Adv Funct Mater,
2018,28(50) :1804956.

Zeh R, Sheikh S, Xia LL, et al. The second window ICG tech-
nique demonstrates a broad plateau period for near infrared fluo-
rescence tumor contrast in glioblastoma[ J . PLoS One,2017,12
(7) :e0182034. doi:10. 1371/journal. pone. 0182034.
Starosolski Z, Bhavane R, Ghaghada KB, et al. Indocyanine green
fluorescence in second near-infrared ( NIR-II) window[J]. PLoS
One,2017,12(11) :e0187563.

Tao ZM ,Hong GS, Shinji C,et al. Biological imaging using nano-
particles of small organic molecules with fluorescence emission at
wavelengths longer than 1000 nm[ J]. Angew Chem Int Ed Engl,
2013,52(49) :13002 - 13006.





