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Abstract  

Accurate structural and functional imaging is vital for the diagnosis and prognosis of 

the urinary system diseases. Near-infrared region (NIR) II fluorescence imaging has 

shown advantages of high sensitivity, high safety, and fast feedback compared to the 

conventional imaging methods but limited to its clinical applicability. Herein, we first 

report that in vivo NIR-II fluorescence imaging of the urinary system enabled by 

clinically approved and renal-clearable NIR dye methylene blue, which can not only 

achieve clear invasive/non-invasive urography but also noninvasively detect renal 

function. These results demonstrate that MB assisted NIR-II fluorescence imaging 

holds great promise for invasive/noninvasive structural imaging of the urinary system 

clinically and investigation of renal function in animal models preclinically. 

1. Introduction 

Diagnosis and prognosis of urinary system diseases were based on imaging tests such 

as excretory urography, retrograde urography, urological computerized tomography, 

etc. However, those methods have disadvantages such as ray exposure, contrast 

allergy and poor effectiveness[1-5]. Besides, the need for sensitive, real-time and safe 

imaging methods increased along with the number of minimally-invasive procedures 

being performed.  

Noninvasive analysis of renal function is also essential for accessing urinary system 
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diseases, especially unilateral kidney diseases[6]. As the accurate evaluation of renal 

function demands real-time imaging of kidneys at high contrast and high temporal 

resolution, currently single-photon emission computed tomography (SPECT), 

magnetic resonance imaging (MRI) and positron emission tomography (PET) are the 

major tools for both clinical diagnosis and preclinical renal function studies[7-9]. 

Likewise, these methods were suffered from high cost, limited access, and potential 

radiation exposure risk. Therefore, safe, low-cost and sensitive renal functional 

imaging techniques are extremely desired for clinical and preclinical kidney research.  

Near-infrared fluorescence imaging, a promising biomedical imaging method, has 

shown superior properties in clinical translation owing to its high sensitivity, high 

temporal resolution and fast feedback, but is abstracted to limited penetration 

depth[10-13]. As imaging modality improved rapidly, the NIR-II window (1000 to 

1700 nm) fluorescence bioimaging was verified to exhibit better spatial resolution, 

higher signal-to-background ratio (SBR) and deeper penetration depth compared to 

conventional NIR-I (780 to 900 nm) window in more and more studies [14-18]. To 

date, several kinds of NIR-II fluorescence probes including quantum dots (QDs) [17, 

19, 20], carbon nanotubes[21-23], and rare-earth nanoparticles[24-26] have performed 

outstanding NIR-II fluorescence in whole-body and microscopic imaging. However, 

most of them confronted the same challenge in the process of clinical translation for 

their uncertain pharmacokinetic/toxicokinetic and drug metabolism[4, 27, 28]. 

Therefore, there is an urgent demand for NIR dyes which balances the advantages of 

NIR-II imaging and clinical applicability. So for, it was only a clinically approved 
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NIR-I dye indocyanine green (ICG) that has shown potential in clinical NIR-II 

fluorescence imaging due to NIR-II emission tail [15, 16, 29]. 

Methylene blue (MB), a renal-clearable NIR-I dye approved by the U.S. Food & Drug 

Administration (FDA), has been extensively adopted for imaging-guided surgeries 

such as the identification of ureter, localization of insulinoma and normal pancreas, 

intraoperative detection of breast cancer[30-33]. Intriguingly, the excellent molar 

extinction coefficient (71,200 M-1 cm-1 at peak absorbance (665 nm)) and high 

quantum yield (3.8%)[30] made MB a candidate for clinical NIR-II fluorescence 

imaging. Whereas, the application of MB in NIR-II fluorescence imaging has not 

been reported yet. 

Herein, we first successfully detected NIR-II emission tail of MB and compared tissue 

penetrating capability in the NIR-I window and NIR-II window by imaging capillary 

tubes filled with MB aqueous solution submerged in 1% Intralipid® solution in vitro. 

Subsequently, in vivo comparison of intravenous urography and retrograde urography 

in the NIR-I and NIR-II window were performed in the mouse models. Moreover, the 

NIR-II emission tail also made non-invasive renal function in the mouse model 

feasible. The aim of our study is to evaluate the validity and feasibility of applying 

MB to the structural and functional NIR-II bioimaging in the urinary system and 

provide a brand new potential translation of NIR-II imaging into clinical and 

preclinical applications. 

2. Result and Discussion 

2.1 MB optical characterization 
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MB, a small molecule NIR-I dye (chemical structure was shown in Fig. 1A), had an 

absorbance peak at ~ 665 nm, and the emission spectrum of MB aqueous solution was 

recorded on a silicon (Si) and an indium gallium arsenide (InGaAs) detector based 

spectrometer, indicating that its fluorescence emission extended into NIR-II window 

(Fig. 1B-C). Beyond 1000 nm wavelength, the QY of MB in water was calculated as 

0.2% (Fig S1), which is based on the reference of IR-26 in Dichloroethane 

(DCE)(0.5%, in the NIR-II region). Meanwhile, MB showed higher NIR-II 

fluorescence intensity under 623 nm LED excitation (0.1 mg/mL, 30 mW/cm2) than a 

reported renal-clearable NIR-II dye (CH-1055-PEG) under 793 nm laser excitation 

(0.1 mg/mL, 30 mW/cm2)(Fig S2). In addition, MB also showed an ideal 

photostability in water under a continuous 623 nm LED (80 mW/cm2) irradiation for 

60 min with negligible fluorescence decay (Fig S3). 

To compare the penetrating ability of MB in NIR-I and NIR-II window, a tissue 

phantom study using Intralipid® mimicking the optical characteristics of biological 

tissues was performed. The fluorescence signals decreased both in NIR-I and NIR-II 

window with increasing thickness of 1% Intralipid® solution. The NIR-I fluorescence 

signal of MB was close to the background noise at a 3 mm thickness of 1% 

Intralipid® solution while the NIR-II fluorescence signal for MB was still visible 

even at a thickness of 5 mm. Full-width-half-maximum (FWHM) analysis depicting 

the feature width of NIR-I and NIR-II capillary images at varying depths in 

intralipid® phantom assay was also plotted (Fig. 1D): The FWHM measurement of 

the capillary tube without 1% Intralipid® solution were 386.5±5.4 μm and 389.4±1.7 
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μm in the NIR-I and NIR-II window, respectively. Whereas the FWHM was 

3294.9±453.2 μm and 1243.1±14.4 μm in the NIR-I and NIR-II window, respectively, 

when the depth increased to 5 mm (Fig. 1E). In addition, the SBRs for MB in NIR-I 

window were 1.7, 4.3, 2.7, 2.1 and 1.8-fold higher than those for MB in NIR-II 

window at a 1% Intralipid® solution thickness of 1, 2, 3, 4, and 5 mm, respectively 

(Fig. 1F). These results indicated that MB fluorescence in the NIR-II window had 

deeper tissue penetration and higher sensitivity than those in the NIR-I window on 

account of the reduced light scattering in the NIR-II window.  

2.2 Excreted behaviors study of MB  

We initially conducted the excretion study of the MB. Fluorescence signals were 

mainly located in the bladder and gallbladder of mice injected with MB aqueous 

solutions (post-injection 30 min) in the NIR-II window (Figure S4), which 

demonstrated MB could be excreted by liver and kidney as reported in previous 

studies[34, 35]. Subsequently, the whole-body NIR-II fluorescence imaging (dorsal 

and ventral side) was conducted at different post-treatment time points after MB 

injection (Fig. 2A and 2B). The signal of the kidneys reached the maximum at 3 min 

post-injection of MB and then decreased with time (Fig. 2C), while fluorescence 

signals in the bladder increased with time (Fig. 2C). Furthermore, MB fluorescence 

exhibited minimal changes when diluted into mouse urine compared to MB aqueous 

solution at the same concentration (Fig. 2D and 2E). Taken together, MB showed a 

potential for real-time NIR-II fluorescence imaging of the urinary system including 

structural and functional imaging. 
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2.3 Structural imaging of the urinary system in vivo using MB in the NIR-I and 

NIR-II window.  

The NIR-II emission of MB enables a straightforward application to in vivo NIR-II 

fluorescence imaging. We first conducted non-invasive excretory and retrograde 

urography using NIR-I and NIR-II imaging in the same mouse model. It was obvious 

that imaging MB using NIR-II detection had advantages over conventional NIR-I 

detection: Imaging MB in the NIR-II window achieved high-contrast macroscopic 

imaging of kidney (excretory urography) and bladder (retrograde urography) in mice 

through intact skin (Fig. 3A and 3B).  

Ureter injury is a rare but serious complication of urinary surgery, however, the 

diagnosis of such injury is often delayed[36-38]. Thus, early identification of ureteral 

is essential to avoid morbidity and preservation of renal function. MB was reported to 

be successfully utilized in the intraoperative ureter visualization in the NIR-I 

window[31, 33]. We, therefore, detected the feasibility of NIR-II fluorescence 

imaging application in the ureter identification compared with the NIR-I window. 

Invasive NIR-I and NIR-II fluorescence imaging were applied to the real-time 

identification of ureter covered by a mouse abdominal tissue in the region of interest. 

Though the ureter could be visualized in the NIR-I window, the SBRs were rather low 

(Fig. 3C). When Switching to the NIR-II window with a 1000 nm long-pass filter, 

there was a significantly reduced background noise and improved spatial resolution 

(Fig. 3D). Whereafter, acute ureter obstruction was established on a mouse model to 

identify ureter lesion under NIR-I and NIR-II detector. As shown in Figure 3E and 3F, 
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the ligation point of the ureter was obviously identified with good contrast in the 

NIR-II window while the specific ligation point could be hardly recognized under the 

NIR-I detector after upregulating the penetrating depth. These results indicated that 

MB assisted NIR-II fluorescence imaging was a superior choice in the image-guided 

surgery concerning ureter compared to the conventional NIR fluorescence imaging 

and could accelerate the clinical use of MB in fluorescence excretory and retrograde 

urography preoperatively and intraoperatively.  

As full clinical implementation of MB has been partially limited when the ureter was 

covered by adhesion tissue image, the higher contrast of MB assisted NIR-II 

fluorescence imaging over NIR-I imaging could benefit these applications. 

Importantly, the implementation of this contrast improvement would be 

straightforward, requiring only a switch from cameras with NIR-I sensitivity to 

NIR-II-sensitive ones while continuing the familiar surgical setup and the use of MB. 

2.4 In vivo MB Assisted NIR-II fluorescence imaging of renal function 

Renal functional test or imaging usually reflects two aspects, that is, renal perfusion 

and renal filtration function. As the renal clearance is the main extracted way of MB 

and its fluorescence signal changes in kidneys could be detected non-invasively, MB 

seemed a good candidate for real-time imaging of renal function. Hence, the unilateral 

ureteral obstruction (UUO) model was first established for 3 d and 6 d (Fig. 4A) by 

complete ligation of the left ureter of the mouse while the right ureter was kept intact 

(Fig. 4B). As a result, unilateral hydronephrosis and renal perfusion disorder gradually 

progressed over time. For the sham-operated group, the ureters were not ligated. 
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Subsequently, NIR-II fluorescence imaging was conducted in the UUO 3 d group, the 

UUO 6d group and the sham-operated group, and the profile for the signals in kidneys 

at different time points was recorded (Fig. 4C). With MB as the NIR-II contrast agent, 

we easily differentiated the UUO kidneys from the normal kidneys by noninvasive 

NIR-II imaging and analysis of the time-fluorescence intensity curves (TFICs) of the 

kidneys. As shown in Figure 4D-4F, the signal changes of the left kidney and right 

kidney showed no significant differences in the sham-operated group (Fig. 4D)  

while the obstructed left kidneys (LK) showed dramatically decreased signal peak 

value compared to the normal right kidneys (RK) in the UUO groups (Fig. 4G). 

Correspondingly, the peak time of the obstructed LK TFIC was delayed in the UUO 

groups compared to the normal RK in UUO groups and the kidneys in the 

sham-operated group (Fig. 4H). Moreover, the obstructed LK signals in the UUO 6d 

group showed a prolonged peak time compared to those in the UUO 3d group, which 

was consistent with the pathological analysis of kidney tissues (Fig. 4I): the renal 

tubules exhibited mild to moderate atrophy and dilatation in kidneys of the UUO 3 d 

group which suggested mild renal perfusion disorder, whereas, in kidneys in the UUO 

6 d group, renal tubular damage and cortical atrophy were much more pronounced. 

These data indicated that MB assisted NIR-II fluorescence imaging of renal function 

could not only differentiate the normal kidneys and the kidneys with perfusion 

disorder but also reflect the severe stage of the perfusion disorder. 

Renal filtration function is also indispensable for the renal function analysis, and 

blood urea nitrogen (BUN) and serum creatinine (Cre) are frequently used to evaluate 
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the renal filtration function, but they both are not good indicators of a single kidney 

because of the presence of a well-functioning contralateral kidney. Given this 

compensatory mechanism, the solitary kidney model established by right 

nephrectomy was used to investigate the feasibility of MB assisted NIR-II real-time 

imaging in the assessment of renal filtration function. Further, the LKs were treated 

with vary degrees of electric coagulation injury in the unilateral renal failure group 

(URF)  but were kept intact in the sham-operated group (Fig. 5A). Similarily, MB 

assisted NIR-II real-time imaging was carried out after MB i.v. injection with TFICs 

utilized to analyze the renal filtration function (defined as the clearance percentage at 

30 min=[ (peak value intensity at 30 min) /peak value]×100%)(Fig. 5B and 5C) . As is 

shown in Figure 5D, MB clearance percentage at 30 min was reduced significantly in 

the URF group compared to the sham-operated group. To compare the renal function 

detection ability of MB with the clinical methods, Cre and BUN in the blood of living 

mice were measured using the commercial assays in the sham-operated group and the 

URF group. The statistically significant increases both in Cre and BUN were 

observed in the URF group, which was 1.67-fold and 1.38-fold higher than the 

sham-operated group, respectively. These data were consistent with the above 

imaging results, suggesting MB is feasible of noninvasively detecting renal filtration 

function by NIR-II fluorescence imaging. 

Although several NIR-II dyes such as CH-1055-PEG, CDIR2, rare-earth 

nanoparticles, and gold nanoparticles were reported to show potential in the NIR-II 

imaging of renal function[39-43], they all confronted a long way to extend the 
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application in vivo with uncertain toxicity and pharmacokinetics. Moreover, the 

power densities of the excitation laser were fairly high in real-time imaging even for 

the animal models (300 mW/cm2 for both CDIR2 and CH-1055-PEG)[42, 44]. 

Nevertheless, MB could achieve clear real-time imaging at a relatively low power 

density of 623 nm LED excitation (80 mW/ cm2). As the absorbance of MB at 665 nm 

was 1.85 fold higher than that of MB at 623 nm, clear MB real-time imaging may 

achieve at an even lower power density at 665 nm excitation. 

3. Conclusion 

In summary, we detected the NIR-II emission of MB and investigated its application 

in the NIR-II fluorescence invasive/noninvasive urography and noninvasive NIR-II 

imaging of renal function in the mouse models. MB showed higher SBR and better 

spatial solution in the NIR-II window than those in the NIR-I window, which 

suggested a more appropriate detecting window when using MB fluorescence imaging 

clinically: By switching the detection of traditional silicon-based cameras to emerging 

InGaAs cameras could promisingly improve the fluorescence imaging technique both 

preoperatively and intraoperatively. As MB is excreted mainly through the kidney, the 

renal function analysis of MB assisted NIR-II fluorescence imaging is consistent with 

the pathology result and clinical diagnostic parameters including Cre and BUN. Thus, 

MB assisted NIR-II fluorescence imaging not only holds great promise for invasive 

and noninvasive structural imaging of the urinary system clinically but also permits 

investigation of renal function in living animal models preclinically.  

4. Experimental Section 
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4.1 Materials  

MB was purchased from JUMPCAN Pharmaceutical Factory (Taixing, China), which 

was used clinically. Phosphate buffer saline (PBS) was obtained from Sinopharm 

Chemical Reagent Company (Hangzhou, China). 20% intralipid® was purchased 

from Baxter Healthcare Corporation (USA). Deionized (DI) water with a resistivity of 

18.2 MΩ/cm was used in all experiments. 

4.2 Absorption and fluorescence emission characterization 

Measurement of absorption spectra of MB aqueous solution was obtained from 

550-900 nm using a Shimadzu UV-2550 UV–vis–NIR scanning spectrophotometer. 

The fluorescence emission spectra of MB dilutions in water and urine in the NIR-II 

window were measured by a lab-built system based on a PG2000 spectrometer 

(Ideaoptics Instruments) and a 2000C spectrometer (Everuping Optics Corporation). 

4.3 Quantum yield measurement 

The quantum yield of MB aqueous solution was measured using a NIR-II dye IR-26 

in DCE as a reference (QY ≈ 0.5%) [45]. A series of DCE solutions of IR-26 and MB 

aqueous solution with different optical density (OD) values were measured under 

623nm excitation, and NIR-II fluorescence intensities were integrated beyond 

1000nm. Two slopes of the straight lines describing the dependence of integrated 

NIR-II fluorescence intensity upon OD (one from the reference of IR-26 in DCE and 

the other from the MB aqueous solution) were obtained. The QY of the sample (Q2)  

was calculated by the equation as follows: 

𝑄𝑄2 = 𝑄𝑄1 ∙
𝐹𝐹𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠2
𝐹𝐹𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠1

∙ 𝑛𝑛2
2

𝑛𝑛12
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Where Q1 is the QY of IR-26 in DCE (0.5%), Fslope1 is the slope value for IR-26 in 

DCE. Fslope2 is the slope value for MB aqueous solution. n2 is the refractive index of 

water, n1 is the refractive index of DCE.  

4.4 The photostability assay 

The photostability assay of MB aqueous solution (0.01mg/mL)  was conducted 

under continuous illumination from 623 nm LED with a power density of 80 mW/cm2 

for 60 minutes. The average fluorescence intensity was calculated from the region of 

the cuvette.  

4.5 Intralipid® phantom imaging 

In-vitro testing in an Intralipid® phantom was performed as described previously. 1% 

Intralipid® solution was prepared by diluting 20% Intralipid® into DI water. A 

capillary glass tube (Inner diameter = 0.3 mm) filled with MB solution (0.01mg/mL)  

was immersed in the prepared 1% Intralipid® solution, the depth of which ranged 

from 1-6 mm below the top surface. NIR-I and NIR-II imaging at different depths 

were performed.  

4.6 Animal experiments 

All the animal experiments in this work were conducted strictly in compliance with 

the requirements and guidelines of the Institutional Ethical Committee of Animal 

Experimentation of Zhejiang University. Institute of Cancer Research (ICR) mice (6-8 

weeks old, female) and BLAB/c Nude mice (6-8 weeks old, female) were provided 

from the SLAC laboratory Animal Corporation. (Shanghai, China) and kept in the 

Laboratory Animal Center of Zhejiang University (Hangzhou, China). The animal 
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housing area was maintained at 24 ℃ with a 12 hours light/dark cycle, with free water 

and food available. 

Before each operation and imaging experiment, mice were anesthetized via 

intraperitoneal injection of 2% pentobarbital (40-50 mg/kg) and kept in maintaining 

anesthesia. Mice were intravenously injected with 200 μg MB before in vivo imaging. 

4.7 NIR-I fluorescence imaging 

Images in the NIR-I window were captured using GA1280 camera (1280 pixels 

×1024 pixels, TEKWIN SYSTEM, China) equipped with a prime lens (focal length: 

50 mm, antireflection coating at 800-2000 nm, Edmund Optics), which was fitted 

with an 800 nm long-pass filter and a 900 nm short-pass filter to extract NIR-I 

fluorescence signal. A 623 nm LED was used to provide uniform illumination on the 

field of interest.  

4.8 NIR-II fluorescence imaging 

A 2D electronic-cooling InGaAs camera (640 pixels×512 pixels, TEKWIN SYSTEM, 

China) equipped with a prime lens (focal length: 50 mm, antireflection coating at 

800-2000 nm, Edmund Optics), cooled to -40 ℃ was used to acquire images in the 

NIR-II window (Fig. S5). A 623 nm LED (SOLIS-623C, Thorlabs, USA) was used to 

provide uniform illumination on the imaging field. The facular power density was 

measured before each imaging experiment. During imaging, an 800 nm long-pass 

filter was used to filter 623 nm excitation. A 1000 nm long-pass filter (ThorLabs, 

USA) was placed in front of the camera lens restricting wavelength below as well as 

allowing wavelength above 1000 nm to pass through the camera lens. 
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4.9 In vivo kidney and bladder structural imaging 

Real-time NIR-II fluorescence imaging was conducted after i.v. injection of MB 

(10mg/kg body weight) in living mice and the signals of kidneys (dorsal side) and 

bladders (ventral side) were acquired beyond 1000nm (623 nm LED, 80 mW/cm2).  

4.10 In vivo ureter imaging   

Mice were fixed in a platform in the supine position, and laparotomy was performed 

and the ureters were fully exposed. 200 μg of MB was intravenously injected into 

each mouse, and then a piece of abdominal tissue was placed on the ureter. NIR-I and 

NIR-II imaging were further performed to visualize the ureter through the covered 

tissue. For the acute ureter ligation model, the right ureter was ligated by surgical 

sutures. Likewise, MB at a concentration of 10 mg/kg was intravenously injected 

through the tail vein instantly after ligation, and the facular power density was 

adjusted to 30 mW/cm2. The mice were observed using the NIR-I or NIR-II camera to 

localize the ureter and detect the ligation point covered by an abdominal tissue. 

4.11 In vivo renal functional imaging 

UUO model was established to investigate the renal perfusion by using MB assisted 

NIR-II fluorescence imaging. Briefly, the UUO model was first established by 

complete ligation of the left ureter of the mouse while the right ureter was kept intact 

(Fig. 4B), and unilateral hydronephrosis and renal perfusion disorder gradually 

progressed over time. For the sham-operated group, the ureters were not ligated. 

Subsequently, NIR-II fluorescence imaging was conducted in the UUO 3 d group, the 

UUO 6d group and the sham-operated group after MB i.v. injection (10mg/kg body 
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weight). The profile for the signals in kidneys at different time points was recorded as 

a function of imaging time. On the other hand, the URF model was established to 

assess the renal filtration ability of MB assisted NIR-II fluorescence imaging. Briefly, 

the right kidneys were excised both in the URF model and the sham-operated group, 

and the left kidneys were injured by an electric coagulation knife to varing degrees in 

the URF model group and kept intact in the sham-operated group. NIR-II 

fluorescence imaging was conducted as mentioned above. 

4.12 Serum creatinine and BUN assay 

Blood was collected from the angular vein of the mice. The collected blood samples 

were centrifuged for 15 min at 4500 r.p.m. Serum creatinine and BUN were 

determined using commercial kits according to the manufacturer′s protocols. 

4.13 Histopathologic study 

The kidney tissues of the UUO groups and the sham-oparete group were dissected and 

fixed with 4% paraformaldehyde, dehydrated in an ethanol solution, embedded in 

paraffin and cut into sections with a thickness of 15 μm for H&E staining. The 

sections were washed with xylene and ethanol and then immersed in hematoxylin 

working solution for 4 min and eosin working solution for 2 min, followed by 

washing with distilled water. The stained sections were examined using a microscope 

(Primovert, Zeiss, Germany). 

4.14 Data analysis 

Quantitative analysis of each fluorescent image was performed based on the 

measurement of mean signal intensity in the manually selected regions of interest, 
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using Image J software (Version 1.6.0, National Institutes of Health, USA). Graphs 

were generated using Origin Pro software (Version 9.0; OriginLab Company, USA). 

The data were presented as mean ± standard deviation (SD). Statistical analysis was 

performed using Student’s t-test. * denotes a statistical significance (* P< 0.05, ** P < 

0.01, and *** P < 0.001) between the experiment data of two groups. 
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Figure 1. Characterization of MB. (A) Chemical structure of MB. (B) Normalized 

absorption and emission spectra of MB in water. (C) Normalized Fluorescence 

emission profile of MB between 1000 and 1200 nm wavelength region (D) NIR-I 

window and NIR-II window of glass capillary filled with MB (0.005 mg/mL) at 

depths of 0, 1, 2, 3, 4, 5, and 6 mm in 1% Intralipid® solution. (E) FWHM and (F) 

SBR were calculated for capillary glass tubes filled with MB solution. Data are the 

mean ± SD. n = 3 independent measurements. 
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Figure 2. Renal clearance and in vivo stability studies of MB. (A)  Schematic 

illustration of the renal excretion of MB through the urinary system. (B)  

Representative NIR-II fluorescence images at t =1, 3, 15, 30 min after injection of 

MB in mice. The red circles indicate the kidneys and bladder in the dorsal and ventral 

sides, respectively. NIR-II fluorescence images acquired beyond 1000 nm upon 

excitation at 623 nm, LED power ~80 mW/cm2. (C) Time-NIR-II fluorescence 

intensity curves (TFICs) of the kidney and bladder after MB injection. Data are the 

mean ± SD. n = 3 independent measurements. (D) and (E) The emission spectrum of 

MB aqueous solution and MB in urine at the same concentration. 
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Figure 3. Imaging comparison of MB in NIR-I and NIR-II window in vivo. (A)  

Representative NIR-I and NIR-II fluorescence images of non-invasive images of the 

kidneys (0.01mg/1g body weight, i.v.) and (B) bladder (0.005mg/mL*20 μL, b.i.), 

respectively. (C) and (D) Representative images of ureter covered by mouse 

abdominal tissue after intravenous injection of MB in (C) NIR-I and (D) NIR-II 

window, FWHM and SBR of the ureter imaging in NIR-I and NIR-II window were 

calculated based on a two-term Gaussian fit to the intensity profiles. Scale bar in the 
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left panel is 1cm; Scale bar in the right panel is 1mm. (E) and (F) Ureter imaging in 

the UUO model in the (E) NIR-I window and (F) NIR-II window, yellow circle 

showed the position of the obstruction point. 

 

Figure 4. Real-time detection of kidney blood perfusion via NIR-II fluorescence 
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imaging of MB in living mice. (A) Schematic illustration of mice of the 

sham-operated group and UUO group, and NIR-II fluorescence imaging at different 

post-operation timepoints. (B) Schematic illustration of UUO model establishment by 

complete ligation of the left ureter while the right ureter was kept intact. (C)  

Representative whole-body (dorsal side) noninvasive fluorescence images of mice 

after intravenous injection of MB solution (0.01mg/1g body weight, i.v.) at different 

post-injection time points. (D-F). TFICs of kidneys in the sham control group, the 

UUO-3d  group, and the UUO-6d group. (G) and (H) Statistical analysis of the two 

parameters extracted from the kidney TFICs of UUO mice and the sham control 

group. The parameters include the (G) peak value and (H) the peak time. Data are the 

mean ± SD. n = 3 independent measurements. *P<0.05, **P<0.01, ***P<0.001. (I)  

Kidney pathologic analysis of the sham-operated group, UUO-3d group, and UUO-6d 

group (H&E stain, scale bar=100 mm).  
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Figure 5. Real-time detection of renal filtration function via NIR-II fluorescence 

imaging of MB in living mice. (A) Schematic illustration of URF model (RFM) 

establishment (B) Representative NIR-II fluorescence images of the control group and 

RFM group after intravenous injection of MB (0.01mg/1g body weight, i.v.) at 

different post-injection time points. (C) TFICs of kidneys in the control group and 

RFM group. (D) Statistical analysis of the clearance percentage at 30 min extracted 
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from the kidney TFICs of the control group and the URF group, ***P<0.001. (F) In 

vitro detection of renal function with other assays (Cre and BUN)  in the control 

group and the URF group, ***P<0.001. 
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