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Nanoparticles (NPs) promise to address current limitations for treating acute pancreatitis (AP) via inflamma-
tory cell-mediated sequestration. However, very few studies have explored the influence of NP size on their 
behavior in different stages of AP. The present work investigated the biodistribution of IR780 loaded mesoporous 
silica nanoparticles (MSNs) with sizes of 60, 150 or 300 nm after intravenous administration to rats of mild AP 
(MAP) or severe AP (SAP). Four hours after administration, MSN150 was present to a much greater extent in 
the pancreas than MSN60 or MSN300, irrespective of disease severity. MSN150 was present to a lower extent in 
pancreas, intestine and ascites in SAP than MAP rats, indicating weaker passive targeting in SAP rats. This may 
reflect greater blood loss and slower blood flow in SAP. These findings may guide the rational engineering of NPs 
with respect to particle size and disease severity for AP therapy.

1. Introduction
Acute pancreatitis (AP) is a common inflammatory disease of the 
pancreas, manifesting as abnormal pancreatic enzyme activation, 
inflammatory reactions, edema and necrosis  of the pancreas 
(Boxhoorn et al. 2020). Inflammatory cells drive local and 
systemic immune responses, leading AP to progress in 10-20% 
of patients from mild acute pancreatitis (MAP) to severe disease 
(SAP) (Habtezion et al. 2019; Seppänen and Puolakkainen 2020). 
SAP is associated with severe systemic inflammatory responses, 
organ failure and a higher risk of mortality (Garg and Singh 
2019; Komara et al. 2020). Currently, the primary treatments 
are supportive care and surgery (van Dijk et al. 2017; Hines and 
Pandol, 2019; Chaitoff et al. 2020). Effective treatments other than 
surgery are urgently needed.
Nanoparticles (NPs) have attracted considerable attention in recent 
years for treating various diseases (Paliwal et al. 2020; Zhen et al. 
2019; Kim et al. 2018). To target damaged tissues after systemic 
administration, NPs should show efficient passive targeting (Kang 
et al. 2020; Alavi and Hamidi, 2019; Thao et al. 2016). NP size 
plays a crucial role in determining passive targeting efficacy 
(Nabeshi et al. 2010; Kang et al. 2020). For example, the size of 
tumor-targeting NPs should be optimized to exploit the enhanced 
permeability and retention (EPR) effect (Shi et al. 2020; Fang et 
al. 2020). Comparison of silica nanoconjugates (NCs) with sizes 
of 20, 50, or 200 nm showed that NCs of 50 nm penetrated MCF-7 
human breast tumors and 4T1 metastatic lung tumors in vivo to the 
greatest extent and were cleared from the tumor most slowly (Tang 
et al. 2014).
Inflammation-related diseases often involve extravasation through 
leaky vasculature and subsequent inflammatory cell-mediated 
sequestration, a process known as ELVIS (Koziolová et al. 2018; 
Yuan et al. 2012). As AP is associated with dramatically increased 
vascular permeability (Tomkötter et al. 2016; Liu et al. 2015), the 
magnitude of ELVIS may change during progression from MAP 
to SAP.

How the size of NPs affects their behavior in AP and therefore 
their therapeutic efficacy remains unclear. In addition, the possible 
alteration in ELVIS as AP progresses may influence passive 
targeting by NPs. Thus, studies are needed to establish the optimal 
NP size for treating AP in different stages.
Here, mesoporous silica nanoparticles (MSNs) with diameters of 
60, 150 or 300 nm were prepared, loaded with the fluorescent dye 
IR780, and injected into rat models of MAP and SAP. MSNs were 
used as model nanoparticles because of their controllable particle 
size, non-invasiveness, biocompatibility and potential applications 
in AP therapy (Hua et al. 2015; Hoang Thi et al. 2019; Croissant et 
al. 2018). Our study may help guide the selection of optimal NPs 
according to AP severity.

2. Investigations, results and discussion
To investigate the desired size of NPs for AP therapy, we prepared 
MSNs of 60, 150 or 300 nm and investigated their biodistribution 
based on disease severity. Size of MSNs was controlled by varying 
the concentration of cetyltrimethylammonium bromide (CTAB) 
(Gan et al. 2012; Ma et al. 2018). As the CTAB concentration 
increased from 1.5 to 6.3 mM, MSN size grew from 60 to 300 nm 
(Table). Reaction temperature also strongly influenced MSN size. 
The same CTAB concentration led to MSN

150 
at 50 °C but MSN

300
 

at 30 °C. MSNs of all three sizes possessed excellent monodisper-

Table: Amounts of reactants and reaction temperatures for synthesis 
of MSNs of different sizes

Sample CTAB (g) NH3·H2O 
(mL)

H2O (mL) TEOS (mL) Temp (°C)

MSN60 0.279 12 500 1.394 50
MSN150 0.279 12 220 1.394 50
MSN300 0.279 12 110 1.394 30

The subscript number indicates the approximate size of each sample in nm.
CTAB, cetyltrimethylammonium bromide; TEOS, tetraethyl orthosilicate
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sity, uniformity and spherical shape, based on transmission elec-
tron microscopy (Fig. 1A). The hydrodynamic size was 75.4±4.6 
nm for MSN

60
, 170.3±6.0 nm for MSN

150
, and 435.9±4.4 nm for 

MSN
300

, as measured by dynamic light scattering (Fig. 1B). The 
hydrodynamic size of MSNs based on dynamic light scattering 
slightly exceeded that based on electron microscopy, mainly due to 
hydration of MSNs in solution (Smith et al. 2019). The difference 
may also reflect that dynamic light scattering yields an intensity 
weighted mean, while electron microscopy yields a number mean. 
MSNs of all three sizes showed a negative zeta potential of about 
-22.0 mV (Fig. 1C), eliminating surface charge as an explanation 
for any differences in biodistribution that we might observe.
X-ray diffraction (XRD) studies indicated that all the synthe-
sized MSNs possessed partially ordered frameworks (Fig. 1D). 
Nitrogen adsorption-desorption  isotherms indicated a Brunau-
er-Emmett-Teller surface area of 599.3 m2 g-1 for MSN

60
, 577.4 

m2 g-1 for MSN
150

 and 521.4 m2 g-1 for MSN
300

 (Fig. 1E). All 
MSN sizes exhibited typical type-IV isotherms, indicating the 
presence of cylindrical pores. All MSN sizes exhibited similar 
Barret-Joyner-Halenda pore size distributions (Fig. 1F), indicating 
a pore diameter of about 1.19 nm. The appearance of a hysteresis 
loop confirmed the cylindrical shape of pores (Ma et al. 2018; Mai 
et al. 2017). 
The dye FITC has often been used to track MSN biodistribution 
(Tran and Lee 2018) but covalently conjugating the dye to MSNs 
requires complicated synthesis (Liu et al. 2018). In addition, FITC 
fluorescence often self-quenches when the dye interacts with 
proteins in vivo. Here we developed a new MSN labeling method 
using the near-infrared (NIR) red fluorescent probe IR780, a lipo-
philic cationic heptamethine dye. IR780 absorbs at 700-900 nm, 
where biological tissues are transparent, making it quite useful for 
in vivo applications (Alves et al. 2018; Li et al. 2017). The tertiary 
amine group on IR780 can interact with MSNs through electro-
static interaction, facilitating dye loading (Li et al. 2017). Indeed, 
IR780 was efficiently loaded into MSNs of all three sizes through 
simple mixing: encapsulation efficiencies were 67.31±5.10% for 
MSN

60
, 65.33±4.58% for MSN

150
, and 60.94±6.61% for MSN

300
. 

The corresponding drug-loading coefficients were 18.39±2.16%, 
17.97±3.51% and 16.69±2.08% (Fig. 2D).
Dynamic light scattering indicated average hydrodynamic diame-
ters of 80.3±7.4 nm for MSN

60
/IR780, 172.9±6.9 nm for MSN

150
/

IR780 and 439.1±6.3 nm for MSN
300

/IR780 (Fig. 2B), indicating 
little change due to dye loading. Transmission electron micros-
copy confirmed this (Fig. 2A). The zeta potential of all three 
MSNs/IR780 was nearly neutral at about -2.0 mV (Fig. 2C), so 
we hypothesized that that much of the IR780 was adsorbed to the 
MSN surface via electrostatic attraction.
Stable encapsulation of drugs and fluorescent dyes in the circu-
lation is important for reducing off-target effects and reducing 
background during bioimaging. Therefore, release of IR780 from 
MSNs/IR780 was evaluated in vitro using the dialysis method. 
During 48 h, cumulative leakage of IR780 was 5.49±1.20% from 
MSN

60
/IR780, 7.27±0.58% from MSN

150
/IR780 and 7.63±1.24% 

from MSN
300

/IR780 (Fig. 2E). These results suggest the potential 
for MSNs of all three sizes to remain stable in circulation, with 
negligible drug leakage.
Amylase activity is considered a key indicator of the severity of 
pancreatic injury in AP (Kumaravel et al. 2015; Mandal et al. 
2019). At 2 and 4 h after induction with sodium taurocholate, MAP 
and SAP rats showed markedly higher serum amylase activity 
than sham-operated animals (***p < 0.001, Fig. 3A). At 4 h, SAP 
animals showed significantly higher serum amylase activity than 
MAP animals (9840.78±1867.10 vs. 4845.45±1323.40 U/dl, ***p 
< 0.001), consistent with greater severity of pancreatitis. Ascites 
volume increases during AP progression due to plasma leakage 
from the circulation (Yan et al. 2004; Zhang et al. 2010), and we 
found that the ascites mass increased from 3.96±0.89 to 6.73±1.32 
g in the MAP group and from 6.65±0.75 to 9.13±1.08 g in the 
SAP group by 4 h after disease induction (Fig. 3B). In contrast, no 
increase was observed in the sham group. Significantly less ascites 
was recovered from MAP animals than from SAP animals at 2 and 

4 h after disease induction (**p < 0.01, ***p < 0.001), consistent 
with the difference in disease severity.
In AP, pro-inflammatory cytokines such as TNF-α and IL-6 
are released from injured pancreatic acinar cells into the blood 
circulation (Pendharkar et al. 2018). Thus, levels of these cyto-
kines are considered important indicators of AP progression 
(Soyalp et al. 2017). At 2 and 4 h after disease induction, SAP 
animals showed significantly higher TNF-α levels (*p < 0.05, 
**p < 0.01) and marginally higher IL-6 levels than MAP animals 
(Fig. 3C).
The degree of pancreatic injury in animals was assessed by 
histology, together with the degree of lung injury, which is the 
most frequent systemic complication in AP (Basios et al. 2016; 
Lin et al. 2016). At 4 h after disease induction, MAP and SAP 
animals showed disrupted arcinar architecture, vacuolization, 
inflammatory cell infiltration and necrosis of arcinar cells within 
the pancreas, whereas sham animals showed healthy histology 
(Fig. 3E). Pancreatic injury was more severe in SAP animals, 
which showed a large area of necrosis and hemorrhage within the 
pancreas parenchyma, in contrast to the minimal inflammatory cell 
infiltration and slight parenchyma necrosis in MAP animals. Simi-
larly, lungs in SAP animals showed alveolar wall thickening and 
collapse, whereas minimum histological change was observed in 
MAP animals. Consistent with these histology findings, pancreas 
and lung sections showed higher TNF-α and IL-6 levels in disease 
animals than in sham controls, with the highest levels in SAP 
animals (Fig. 3E).
These results confirm that we were able to create MAP and SAP 
models in rats. They also suggest that ELVIS is weaker in more 
severe disease, justifying our investigation of MSN biodistribution 
in different stages of AP.
Rats were intravenously injected with MSNs/IR780 of different 
sizes, and major organs were collected at 2 and 4 h later and 
their fluorescence was measured. At 2 h after injection into MAP 
animals, MSNs of all sizes distributed mainly to the liver, lung 
and spleen, followed by subcutaneous fat, pancreas and duodenum 
(Fig. 4A). Scarce fluorescence signal was observed in heart, kidney 
and brain. By 4 h after injection, fluorescence signal had increased 
in pancreas, intestine and ascites (Fig. 4B), indicating gradual 
MSN leakage from blood circulation into pancreas and ascites. We 
suppose that the leakage was due to ELVIS.
The distribution of MSNs of all sizes in SAP rats was similar to 
that in MAP animals 2 h after injection (Fig. 4C). Four hours after 
injection, however, the fluorescence signal in all tissues and ascites 
was weaker in SAP animals than in MAP animals, despite the fact 
that SAP animals produced much more ascites (Fig. 3B). This may 
reflect weakening ELVIS with more severe disease, which reduces 
MSN passive targeting.
In MAP rats, MSN

150
/IR780 was present in pancreas at higher 

levels than MSN
60

/IR780 or MSN
300

/IR780 at 2 and 4 h after 
injection, indicating excellent accumulation in the pancreas (Fig. 
4 E). In contrast, at both time points, MSN

150
/IR780 was present 

to a greater extent than the other MSNs in intestine and ascites 
(Fig. 4A-B). This may indicate potential for MSNs of this size to 
target intestinal leakage in AP. Such leakage allows bacteria and 
endotoxins to enter the blood and lymph, where they can cause 
infection and inflammation (Barbeiro et al. 2016; Lu et al. 2017).
In contrast to their behavior in MAP animals, MSN

60
/IR780 in SAP 

rats accumulated in the pancreas to a significantly greater extent 
than the other MSNs by 2 h after injection (*p < 0.05, ***p < 0.001, 
Fig. 4 F). This difference was probably due to the more rapid accu-
mulation of MSN

60
/IR780 than MSN

150
/IR780 in pancreas, since 

by 4 h after injection, MSN
150

/IR780 had accumulated in pancreas 
to a markedly greater degree than MSN

60
/IR780 or MSN

300
/IR780 

(**p < 0.01, ***p < 0.001, Fig. 4 F). As in MAP animals, MSN
150

/
IR780 in SAP rats was present in ascites to a greater extent than 
the other MSNs. MSN

150
/IR780 showed the highest fluorescence 

signal in intestine and ascites among all MSNs (Fig. 4A-B). Never-
theless, MSN

150
/IR780 showed a significantly lower fluorescence 

signal in pancreas, intestine and ascites in SAP rats than in MAP 
animals, consistent with decreased passive targeting ability as a 
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Fig. 1: Characterization of MSNs. Representative results for triplicate experiments are shown. (A) Transmission electron micrographs of MSNs with diameters of 60, 150 or 300 
nm. (B) Size distribution of MSNs, as measured by dynamic light scattering. (C) Zeta potential of MSNs. (D) Powder X-ray diffraction patterns of MSNs. (E) Nitrogen 
adsorption-desorption isotherms of MSNs. (F) Pore size distribution curves of MSNs. 

result of more severe pancreatitis. MSN
300

/IR780 showed the 
weakest retention in tissues at 2 and 4 h after injection.
Our study suggests that the biodistribution of MSNs against AP 
depends on NP size as well as disease severity. MSN

150
 accumu-

lated in the pancreas and ascites of a rat model of AP to a much 
greater extent than MSN

60
 or MSN

300
. Moreover, progression 

from MAP to SAP was associated with greater accumulation 
of MSNs in ascites and loss of MSNs from pancreas because 
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Fig. 2: Characterization of IR780-loaded MSNs with diameters of 60, 150 or 300 nm. Representative results are shown from triplicate experiments. (A) Representative trans-
mission electron micrographs. (B) Size distribution. (C) Zeta potential. (D) Drug-loading coefficient (DL) and encapsulation efficiency (EE). (E) Release of IR780 from 
MSNs/IR780 in vitro. Data in panels D-E are mean±SD (n=3).
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Fig. 3: Evaluation of rat models of mild 
acute pancreatitis (MAP) and 
severe acute pancreatitis (SAP). 
(A) Amylase activity in serum 
(AMS). (B) Mass of ascites col-
lected. (C-D) Relative TNF-α and 
IL-6 levels, expressed as fold 
increase above levels in sham an-
imals. (E) Representative histol-
ogy and immunohistochemistry 
of pancreas and lung tissue from 
disease or sham animals. Scale 
bar = 100 μm. Data in panels A-D 
are mean±SD (n = 8). *p < 0.05, 
**p < 0.01, ***p < 0.001.
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Fig. 4: Biodistribution of MSNs/IR780 in rat models of mild acute pancreatitis (MAP) and severe acute pancreatitis (SAP). (A, C) Representative ex vivo fluorescence imaging of 
major organs and tissues from (A) MAP or (C) SAP animals at 2 h and 4 h after injection. (B, D) Representative fluorescence imaging of ascites collected from (B) MAP 
and (D) SAP rats. (E-F) Semiquantitative analysis of fluorescence intensity of the pancreas in (E) MAP and (F) SAP rats. Data in panels E-F are mean ± SD (n=8). *p < 
0.05, **p < 0.01, ***p < 0.001.
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of greater fluid loss. This study underscores the significance of 
evaluating NP biodistribution during AP progression, because the 
distribution depends on particle size and disease severity. These 
results provide guidance for selecting appropriate NPs according 
to AP severity.

3. Experimental

3.1. Materials 
IR780 iodide was provided by Sigma–Aldrich  (St. Louis, MO,  USA). Cetyl-
trimethylammonium bromide (CTAB) and tetraethyl orthosilicate (TEOS) were 
purchased from Aladdin Reagent Co., Ltd (Shanghai, China). Sodium taurocholate 
was obtained from Aobox Biotechnology (Beijing, China). All other chemicals 
and reagents were of analytical  grade.  Serum amylase assay kits were provided 
by Nanjing Jiancheng Bioengineering Institute (Nanjing, China). IL-6 and 
TNF-α  ELISA kits were purchased from Dakewe Biotech Co., Ltd (Shenzhen, 
China).

3.2. Animals
Male Wistar rats (180–220 g) were supplied by the Laboratory Animal Center, 
Zhengzhou University. All animal experiments were conducted with approval from 
the Life Science Research Ethics Committee of Zhengzhou University. All applicable 
international, national, and/or institutional guidelines for the care and use of animals 
were followed. Rats were acclimatized before experiments and provided free access 
to food and water.

3.3. Synthesis of MSNs 
MSNs were synthesized in three sizes using the base-catalyzed sol–gel method (Gan 
et al. 2012; He et al. 2011). MSNs with mean particle sizes of 60 nm (MSN

60
), 150 

nm (MSN
150

) or 300 nm (MSN
300

) were prepared by altering the amounts of reactants 
and reaction temperature (Table 1). CTAB (0.279 g) was dissolved in distilled water 
at 30 °C or 50 °C already containing 12 mL ammonium hydroxide (29 wt%). Under 
vigorous stirring, 1.39 mL TEOS was added to the mixture. After 2 h, the reaction 
mixture was centrifuged (12,544 g) for 10 min. The solid residue was washed with 
distilled water and ethanol, followed by vacuum drying. The CTAB-templates were 
removed by reflux extraction in a mixture of 100 mL ethanol and 1 mL hydrochloric 
acid (36–38%) for 6 h at 80 °C. After centrifugation, MSNs were collected, washed 
with ethanol and distilled water. Finally, the obtained MSNs were dried under vacuum 
at low temperature.

3.4. Preparation of IR780-loaded MSNs (MSNs/IR780)
MSNs were loaded with the NIR fluorescent dye IR780 according to a previous report 
(Yang et al. 2019) but with minor modifications. First, 12 mg MSNs and 4 mg IR780 
were added to 1 mL methanol, and the mixture was protected from light at room 
temperature and stirred for 24 h. Then MSNs/IR780 were collected after centrifuga-
tion, washed with 10% (v/v) methanol/water to remove free IR780, centrifuged again 
and dried under vacuum.
To analyze the amount of IR780 incorporated into MSNs, 2 mg MSNs/IR780 were 
washed with methanol and centrifuged repeatedly until the supernatant became 
colorless. The supernatants were pooled, and absorbance at 780 nm was monitored 
by a UV-vis spectrophotometer. The encapsulation efficiency (EE) and drug-loading 
coefficient (DL) were calculated using the following equations:

3.5. Characterization of MSNs 
The morphology of the resulting MSNs was examined using a transmission electron 
microscope (TEM; JEM-2100F, Japan). TEM specimens were prepared by placing 
the MSN suspension onto copper grids. Average particle size, size distribution 
and zeta potential of MSNs diluted by distilled water (1:10) were measured in 
triplicate using a Malvern ZS90 (Malvern, Worcestershire, UK). X-ray diffrac-
tion  patterns were recorded using an X’Pert PRO MPD (PANalytical, Almelo, 
Netherlands).  X-ray diffractograms were obtained from 0° to 10° at intervals of 
0.2° with a count time of 0.4 s. The MSN surface was analyzed based on nitrogen 
adsorption-desorption  isotherms  using a NOVA Touch apparatus (Quantachrome 
Instruments, Boynton Beach, FL, USA). Each experiment was conducted in trip-
licate.

3.6. In vitro drug release studies
In vitro release profiles of IR780 from MSNs were determined using dynamic dialysis 
(Si et al. 2020). In brief, 2 mL of MSNs/IR780 were placed in dialysis bags (molecular 
weight cut-off, 8-14 kDa; Viskase, Darien, IL, USA). These bags were immersed in 
20 mL phosphate-buffered saline (PBS, pH 7.4) with 0.5% Tween 80, and incubated 
at 37 °C under gentle shaking at 100 rpm. At specified time points, 1 ml of the release 
media was aspirated and supplemented with 1 ml of fresh media. Concentration of 
IR780 in the sample was determined based on absorbance at 780 nm using a UV-vis 
spectrometer. Each experiment was conducted in triplicate.

3.7. Rat models of MAP and SAP
Rat models were generated using sodium taurocholate injection as described (Li et al. 
2015; Wang et al. 2018) with slight modifications. Briefly, male Sprague-Dawley rats 
(250-300 g) were fasted overnight before surgery and then divided into three groups 
(n=8 in each group). After inducing anesthesia with 1% pentobarbital sodium (45 mg/
kg), the abdomen cavity of the rat was exposed and the bile-pancreatic duct was 
cannulated with a 27-gauge needle. The MAP model was generated by infusing sterile 
1% sodium taurocholate (10 mg/kg) in a retrograde fashion into the distal end of the 
bile-pancreatic duct at a flow rate of 0.1 mL/min. The distal end was ligated to block 
backflow of taurocholate into the duodenum. The SAP model was established in the 
same way, except that 5% sodium taurocholate (50 mg/kg) was used. After infusion, 
the needle and ligature were removed, and the abdominal wound was immediately 
sutured.  All the experimental operations were carried out under sterile conditions. 
Sham-operated animals underwent the abdominal operation, and the pancreas was 
simply turned over several times before closure.
At 2 and 4 h after surgery, rats were anesthetized and subjected to laparotomy, 
when an absorbent ball was placed into the abdomen for 3 min to collect ascites. 
Next left ventricular blood was sampled for assay of TNF-α, IL-6 and amylase (see 
section 3.8). Finally, rats were sacrificed, and pancreas and lungs were immediately 
dissected out for histological examination and immunohistochemistry (see section 
3.9).

3.8. Serum assays
After centrifugation of the blood samples (500 g, 15 min), the serum was obtained and 
stored at −80 °C until analysis for the pro-inflammatory cytokines TNF-α and IL-6 
using commercial ELISA kits following the manufacturer's procedure.

3.9. Histology and immunohistochemistry
Immediately after harvesting, pancreas and lungs were fixed in 4% formaldehyde for 
at least 48 h at 4 °C. Then the tissue was embedded in paraffin, cut at a thickness of 

Fig. 5: Graphical overview about study design and results.

DL% =
weight of IR780 incorporeted into MSNs

× 100%
weight of IR780-loaded MSNs

EE% =
weight of IR780 incorporeted into MSNs

× 100%
weight of IR780 initially added
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5 μm, stained with hematoxylin and eosin, and observed under an optical microscope. 
Severity of pancreatitis was assessed based on edema, inflammatory cell infiltration, 
vacuolization, vascular congestion, alveolar wall thickening and collapse, destruction 
of the alveolar wall, and necrosis (Boxhoorn et al. 2020; Weis et al. 2019). Alterna-
tively, fixed sections were immunostained against TNF-α and IL-6 in pancreas and 
lungs (Li et al. 2015). These tissue sections were sequentially subjected to antigen 
retrieval, blocking endogenous peroxidase activity and serum sealing. Next, NF-α 
and IL-6 expression were detected using rabbit anti-rat antibodies (diluted 1:500) and 
the Streptavidin Biotin Complex Detection kit (Boster, Wuhan, China). All sections 
were counterstained with hematoxylin stain solution for about 3 min to label nuclei. 
After dehydration and mounting, these sections were examined by optical microscopy 
(Zeiss Axiovert 40).

3.10. Biodistribution of MSNs in MAP and SAP rats
MAP and SAP rats were randomly allocated to receive MSN

60
/IR780, MSN

150
/

IR780 or MSN
300

/IR780 (eight animals per group) via intravenous injection (2 mg/
kg in IR780). Two and four hours after injection, rats were sacrificed and ascites were 
collected into tubes. The following tissues were immediately dissected out: pancreas, 
kidney, heart, lung, liver, spleen, brain, subcutaneous fat and duodenum. These tissues 
were examined using an F PRO® in vivo imaging system (Bruker, Billerica, MA, 
USA).

3.11. Statistical analysis
Differences between two groups were assessed for significance using Student’s t test, 
while differences among more than two groups were assessed using one-way 
ANOVA, followed by Tukey’s test. Significant differences were indicated by 
*p < 0.05, **p < 0.01, and ***p < 0.001.
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