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Background: Sentinel lymph node (SLN) mapping using in vivo near infrared fluorescence 

imaging has attracted great attention during the past few years. Here we report on the early use 

of poorly water-soluble chlorophyll with near infrared fluorescence extracted from the leaf of 

Chimonanthus salicifolius, for mouse axillary SLN mapping.

Methods and results: To improve the water solubility and SLN targeting of the chlorophyll, 

we encapsulated the chlorophyll in nanoscale liposomes. The liposome-coated chlorophyll 

nanocomposites obtained were spherical in shape and had an average diameter of 21.7 ± 6.0 nm. 

The nanocomposites dispersed well in water, and in aqueous suspension they exhibited brighter 

near infrared fluorescence than chlorophyll alone. After incubation of the nanocomposites with 

normal liver cells (QSG-7701) and macrophage cells (Ana-1) for no more than 48 hours, there 

was no obvious reduction in cell viability. When the nanocomposites were injected intradermally 

into the paw of a mouse, the axillary SLN was found to be strongly fluorescent and was easily 

visualized in real time without a requirement for surgery. The intensity of the near infrared 

fluorescence emitted by the SLN was obviously brighter than that emitted by the SLN of another 

mouse that had been intradermally injected with chlorophyll alone.

Conclusion: Our data show that the liposome-coated chlorophyll nanocomposites could have 

great potential for clinical SLN mapping due to their lack of toxicity, bright near infrared fluo-

rescence, and small diameter.

Keywords: chlorophyll, liposomes, nanocomposites, near infrared fluorescence, sentinel lymph 

node mapping

Introduction
In most cancer metastases, cancer cells migrate from the primary tumor to other parts 

of the body through the near regional lymph nodes. The first lymph node or group 

of lymph nodes in the direct lymphatic drainage pathway that extends from the site of 

the tumor is called the sentinel lymph node (SLN), and is used to represent the status 

of lymphatic spread.1–3 Decisions as to the extent of surgical treatment are usually 

based on whether or not patients have SLN involvement. Therefore, SLN mapping and 

biopsy are important techniques in cancer therapy. Reactive blue dye staining, radiocol-

loid tracers, and a combination of both, are techniques that are widely used for SLN 

mapping in the clinic. However, blue-dyed SLNs located in deep tissue can only be 

observed after they have been exposed to air, and more extensive surgery is therefore 

required to find them. The disadvantages of radiocolloid tracers include exposure of 

the patient to radioactivity and painful peritumoral injections of radiocolloid.4,5
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In comparison with the above three commonly used 

techniques, noninvasive in vivo near infrared fluorescence 

imaging when used for SLN mapping has several a dvantages. 

For example, SLNs in deep tissue can be observed directly 

due to near infrared fluorescence without the need for 

excessive excision of skin and muscle, which enables rapid 

detection of SLNs by surgeons. In addition, the surgeon can 

conveniently confirm through visual inspection that all of the 

SLNs have been removed from the node field.6 Near infrared 

fluorescent reagents for SLN mapping include organic dyes 

(eg, indocyanine green7–9 and methylene blue)10,11 and inor-

ganic nanoparticles (eg, quantum dots12–15 and carbon dots16).

Organic dyes may be favored over inorganic nanoparticles 

because the former have lower toxicity and quicker in vivo 

clearance speeds.

In the present study, we report the first use of chlorophyll 

extracted from the leaf of Chimonanthus salicifolius for 

mouse axillary SLN mapping. The choice of this Chi-

nese herb (which is usually used to getting rid of heat 

in summertime and stimulating appetite) is based on its 

nontoxic properties. In addition, C. salicifolius has a wide 

distribution in the south of China. C. salicifolius is a shrub 

that grows up to 4 m tall. It has been found that chlorophyll 

a and b are the most common types of chlorophyll in almost 

all of the higher plants.17 Chlorophyll is structurally similar 

to porphyrin (a fluorescent dye) and has near infrared fluo-

rescence. Additionally, chlorophyll has been registered as 

a food additive, and a variety of foods and beverages are 

permitted to contain cholorophyll.18 Therefore, chlorophyll 

is a safe fluorescent material which has great potential for 

in vivo bioimaging.

However, chlorophyll is a poorly water-soluble dye. To 

improve its water solubility and enable it to target SLNs for 

imaging, chlorophyll in this study was encapsulated into 

nanoscale liposomes. Liposomes are spherical vesicles made 

up of a lipid bilayer, and are often used as a drug delivery 

system. It has been reported that liposomes can serve as car-

riers for the delivery of diagnostic and therapeutic drugs (or 

agents) targeted to the lymphatic system.19–22 In our study, we 

used low-cost soybean lecithin as the lipid membrane when 

preparing the liposome-coated chlorophyll nanocomposites 

for SLN mapping.

Materials and methods
Materials
The dry leaves of C. salicifolius were obtained from Tongji 

University-Lishui Institute (Lishui, Zhejiang Province, 

China). Soybean lecithin (purity . 90%) and cholesterol 

were acquired from Sinopharm Chemical Reagent Co, Ltd 

(Shanghai, China). Nude mice aged 5–6 weeks and  weighing 

18–22 g were purchased from the Shanghai Sipper-BK Lab 

Animal Co Ltd (Shanghai, China). The mice were used in 

accordance with approved institutional protocols established 

by the Shanghai Department of Experimental Animal Man-

agement. Normal human liver cells (QSG-7701) and mouse 

macrophage cells (Ana-1) were ordered from the Chinese 

Academy of Sciences (Shanghai, China). RPMI-1640 culture 

medium and fetal calf serum were obtained from Gibco 

(Carlsbad, CA). 3-(4,5)-dimethylthiahiazo(-z-y1)- 3,5-diphe-

nytetrazoliumromide (MTT) was bought from Shanghai 

Haoran Biological Technology Co, Ltd (Shanghai, China).

Extraction of chlorophyll  
and measurement of concentration
We mixed 10 g of dry leaves of C. salicifolius with 100 mL of 

ethanol and this was subsequently shaken in a sealed conical 

flask for 10 hours. The mixture was filtered under vacuum 

and the percolating solution was centrifuged to remove 

impurities. The green pellucid solution obtained was then 

condensed using a rotary evaporator.

According to the molecular structure of chlorophyll, 

one chlorophyll molecule contains one magnesium atom. 

T herefore, the chlorophyll concentration can be accu-

rately detected by means of its magnesium content using 

i nductively-coupled plasma atomic emission spectrometry, 

and calculated using the following equation:

C = (M
chlorophyll

/M
mg

) × c

where C and c are the concentrations of chlorophyll and 

magnesium, respectively, M
chlorophyll

 is the molecular weight 

of chlorophyll a, and M
mg

 is the molecular weight of 

magnesium.

Preparation of liposome-coated 
chlorophyll nanocomposites
Soybean lecithin 90 mg, cholesterol 45 mg, and 2.4 mL of 

chlorophyll dissolved in ethanol (approximately 2.0 mg/mL) 

were dissolved in a round-bottomed flask containing 1 mL of 

chloroform, and dried using a rotary evaporator (RE52CS, 

Shanghai Yarong Chemical Equipment Co, Ltd, Shanghai, 

China) to remove the last traces of chloroform with nitrogen 

flow. Next, 2 mL of distilled water was added to the flask to 

hydrate the dry lipid film, and the mixture was gently shaken 

for about 10 minutes, followed by sonication for at least 

90 minutes. The suspension was stored at room temperature 
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for 20 hours. The precipitate of free chlorophyll in the flask 

bottom could be observed during the 20 hours of storage 

period due to its poor solubility. The upper suspension (about 

1.5 mL) was collected and the liposome-coated chlorophyll 

was thus obtained.

Characterization of chlorophyll  
and liposome-coated chlorophyll
Optical properties
Ultraviolet-visible absorption spectra were obtained using a 

diode array spectrophotometer (UV-2102PC, Unico, Beijing, 

China) with a deuterium lamp source. Fluorescence spectra 

excited by 400 nm were measured using a fluorescence 

spectrometer (F-2500, Hitachi, Japan) equipped with a 

xenon lamp source. For the detection of fluorescence 

stability, the samples were placed in 1 cm quartz cuvettes 

and continuously excited at 365 nm over a period of one 

hour using an ultraviolet detector (ZF, Kanghua, Shanghai, 

China). During the irradiation process, the fluorescence 

spectra of the samples were measured. The bright fields of 

the chlorophyll dissolved in ethanol, chlorophyll dispersed 

in water, and liposome-coated chlorophyll were taken using 

a digital color camera (Coolpix 4300, Nikon, Japan). The 

fluorescent images of the aqueous samples were obtained 

using an in vivo imaging system (Maestro™, CRI Inc, 

Woburn, MA). The excitation and emission band pass filters 

were 605 and 645 nm (long-pass), respectively.

Morphology and size distribution
The liposome-coated chlorophyll aqueous suspensions 

were air-dried onto carbon-coated grids, and then examined 

at 80 kV using a transmission electron microscope (TEM, 

JSM-6360 LV, JEOL, Tokyo, Japan). The size distributions 

were measured by means of TEM analysis of 122 particles. 

To measure the hydrodynamic size of the liposome-coated 

chlorophyll nanocomposites in serum, the nanocomposite 

precipitate was dispersed in 100% fetal calf serum, and the 

size was ascertained using photon correlation spectroscopy 

(3000HS, Malvern Instruments, Worcestershire, UK).

MTT assay
Normal liver cells (QSG-7701) were cultured on a 96-well 

plate using RPMI-1640 as the culture medium. The medium 

contained 10% fetal calf serum and 1% antibiotic-antimycotic 

at 37°C and culture plates were maintained in an incubation 

chamber containing 5% CO
2
. Each well contained 100 µL of 

cells. For the MTT assay, 10 µL of chlorophyll and liposome-

coated chlorophyll aqueous suspensions containing 0, 5.8, 

11.6, 23.1, and 46.2 µg/mL of chlorophyll were added to 

the cells. After a 2-hour incubation, 10 µL of MTT (5 mg/

mL) was added to the cells. After an interval of 4 hours, the 

suspensions were replaced with 100 µL of dimethyl sulfoxide 

and the cell viabilities were determined by measuring their 

absorbance at 490 nm using a Flexstation III enzyme-labeled 

instrument (Molecular Devices, Sunnyvale, CA). To detect 

viability of the macrophage cells (Ana-1), these cells were 

incubated with 10 µL of chlorophyll and liposome-coated 

chlorophyll (containing 0, 5.8, 11.6, 23.1, and 46.2 µg/mL 

of chlorophyll) for 24, 48, and 72 hours, respectively, and 

their viabilities were measured using the same methods as 

described above.

Animal experiments
Chlorophyll 40 µL and liposome-coated chlorophyll aqueous 

suspensions (containing 1.5 mg/mL of chlorophyll) were 

injected into two nude mice through the tail vein. Mouse 

fluorescence images were obtained using the in vivo imag-

ing system (NightOWL LB983, Berthold Technologies, Bad 

Wildbad, Germany). The excitation wavelength was 630 nm 

and the emission filter was 700 nm (long-pass), and the 

exposure time was 0.1 seconds.

We then used the fluorescence of chlorophyll for mouse 

SLN mapping. The experimental details were as follows. 

Chlorophyll 80 µL and liposome-coated chlorophyll aqueous 

suspensions (containing 1.48 mg/mL of chlorophyll) were 

injected intradermally into the paws of two nude mice. All 

of the injection methods (including injection depth and angle 

related to the plane of the paw) were the same. Fluorescence 

images were obtained using the Maestro™ in vivo imaging 

system described earlier. The excitation wavelength was 

635 nm and the emission wavelength was 675 nm (long-pass). 

The exposure time was 500 msec. All of the collected images 

were analyzed using the Maestro software provided with the 

system. After the in vivo imaging had been completed, the 

lymph nodes in the axillary location at the injection sites 

were resected for fluorescence imaging. As a control, a lymph 

node in the axillary location of a mouse that had not been 

injected with chlorophyll was also resected for fluorescence 

imaging.

Results and discussion
The final extract dissolved in ethanol was green in color 

(Figure 1A), which indicates that it absorbed blue and red 

light. Its absorption spectrum exhibited two main absorption 

bands, ie, ,500 nm (blue) and 600–700 nm wavelengths 

(Figure 1B), and three peaks located at 666, 615, and 415 nm 
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Figure 2 Bright field and fluorescence of chlorophyll dispersed in water before and after liposome encapsulation. (A) Bright field images taken using a digital color camera 
and fluorescent images taken using the in vivo imaging system: exciting filter 605 nm; emission filter 645 nm (long-pass), and (B) fluorescent spectra excited by 400 nm.
Notes: Both chlorophyll and liposome-coated chlorophyll nanocomposites are dispersed in water. The concentrations of chlorophyll are as follows: (I and I′) 1.48 mg/mL, 
(II and II′) 739.2 µg/mL, (III and III′) 369.6 µg/mL, (IV and IV′) 184.8 µg/mL, (V and V′) 92.4 µg/mL, (VI and VI′) 46.2 µg/mL, (VII and VII) 23.1 µg/mL, (VIII and VIII) 11.6 µg/mL, 
(IX) distilled water, and (IX′) empty liposome aqueous suspension.
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Figure 1 Chlorophyll dissolved in ethanol. (A) Bright field image taken using a digital color camera and (B) absorption spectrum.
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Figure 3 Photostability over time of water-dispersed liposome-coated chlorophyll 
nanocomposites with continuous excitation at 365 nm (insert, fluorescent intensity 
varying with excitation time).
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Figure 4 (A) Transmission electron microscopic image and (B and C) size distribution of liposome-coated chlorophyll nanocomposites. (B) Size distribution measured by 
transmission electron microscopy. (C) hydrodynamic size distribution in serum.

which were well matched with the absorption spectra of 

chlorophyll a.17,23 C. salicifolius is a taller plant, and such 

plants have abundant chlorophyll a and b.17

The bright field colors of the liposome-coated chlorophyll 

aqueous suspensions were deeper than those of the chlorophyll 

aqueous suspensions alone (Figure 2A). Inductively-coupled 

plasma atomic emission spectrometric analysis showed 

that 1 mg of liposomes could load 21.9 µg of chlorophyll. 

An interesting finding was that the fluorescent intensities of 

liposome-coated chlorophyll were obviously higher than those 

of chlorophyll alone (Figure 2B). For example, when the con-

centrations of chlorophyll were 46.2, 23.1, and 11.6 µg/mL, 

the fluorescent intensities of liposome-coated chlorophyll 

nanocomposites were 22.2, 20.8, and 25.0 times higher, 

respectively, than those of the chlorophyll alone (Figure 2B). 

The main reason for this may be as follows. Chlorophyll is a 

lipophilic material and has low solubility in water. However, 

chlorophyll molecules can be highly dispersed within the long 

chains of fatty acids in the lipid membrane of the liposome. 

Therefore, when the chlorophyll was dispersed in water, we 

found that the aqueous suspensions of chlorophyll contained 

visible particles that would precipitate in several hours. On the 

other hand, the aqueous suspensions of the liposome-coated 

chlorophyll nanocomposite were uniform, and no obvious 

precipitates could be observed over a week. Chlorophyll when 
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Figure 5 Viability of liver cells (QSG-7701) and macrophage (Ana-1) cells after incubation with chlorophyll and liposome-coated chlorophyll nanocomposites for different 
time periods.

dispersed in water has near infrared fluorescence at a wave-

length of 679 nm. After liposome encapsulation, the fluores-

cent peaks of liposome-coated chlorophyll nanocomposites 

shifted to blue by only 1–2 nm, as compared with those of 

chlorophyll alone (Figure 2B). This suggests that the liposome 

coating did not obviously affect the near infrared fluorescence 

of chlorophyll when penetrating deep animal tissue.

The photostability of dyes is an important factor in biomed-

ical optical imaging. Since the chlorophyll tends to precipitate 

in water, here we only measured the fluorescent stability of the 

liposome-coated chlorophyll nanocomposites in water. After 

being continuously excited by a 365 nm light for 60 minutes, 

the fluorescent spectrum of the nanocomposites did not 

shift, and the fluorescent intensity decreased by only 8.2% 

( Figure 3). This indicated that the liposome-coated chlorophyll 

nanocomposites have potential for comparatively long-term 

imaging, which is of benefit for biomedical applications.

The TEM image shows that the liposome-coated 

 chlorophyll nanocomposites are spherical in shape and have 

a comparatively narrow size distribution (average diameter 

21.7 ± 6.0 nm, Figure 4A and B). Nanocomposites with such 

a small diameter are suitable for SLN mapping because the 

ideal contrast agent should be 10–50 nm in size.24,25 The 

chlorophyll molecules may be well dispersed in the lipo-

some vesicles because chlorophyll exists in water as crystals, 

and virtually no free crystals could be observed around the 

l iposome-coated chlorophyll nanocomposites. Although 

the average hydrodynamic size of the liposome-coated 

chlorophyll nanocomposites in 100% fetal calf serum is 

263.4 ± 24.0 nm (Figure 4C), liposomes are limp nanopar-

ticles and may penetrate small pores in vivo. For example, to 

prepare different-sized liposomes, large liposomes are usually 

extruded in turn through polycarbonate membrane filters with 

different pore diameters (eg, 450, 220, and 150 nm).
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The advantage of chlorophyll for biomedical imaging 

is its low toxicity in cells. As shown in Figure 5, the MTT 

assay demonstrated that normal liver cell (QSG-7701) 

viability did not decrease obviously after the cells had 

been incubated with either chlorophyll or liposome-coated 

chlorophyll nanocomposites for 2 hours. The viability of 

the macrophages (Ana-1) was also not obviously affected 

by the chlorophyll and liposome-coated chlorophyll nano-

composites after the Ana-1 cells had been incubated with 

these materials for 24 and 48 hours. It should be noted 

that Ana-1 cell viability was between 83.1% ± 4.4% and 

88.7% ± 2.3% when the cells were incubated with chloro-

phyll and liposome-coated chlorophyll nanocomposites, 

respectively, for 72 hours. This indicates that the  chlorophyll 

may exhibit low toxicity if this material exists in cells for 

3 days.  However, liposome nanoparticles can be eliminated 

from the animal body. In this work, we found that many lipo-

some-coated chlorophyll nanocomposites might be removed 

from the mouse body 94 minutes after intravenous injection 

via the tail. This elimination process can be observed clearly 

through the fluorescence of liposome-coated chlorophyll 

nanocomposites in vivo ( Figure 6). This suggests that the 

liposome-coated chlorophyll nanocomposites may be safely 

used in clinical imaging because they can be metabolized 

by the animal body.

In addition, the near infrared fluorescence of liposome-

coated chlorophyll nanocomposites inside the mouse body 

could be seen at different sites through the skin and muscle 

after the mouse had been injected with these nanocomposites 

via the tail vein (Figure 7). For example, the fluorescence of 
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these nanocomposites in the mouse liver could be captured 

by the in vivo imaging system from the right recumbent, left 

recumbent, supine, and prone positions. Therefore, the depth 

of tissue penetration of chlorophyll near infrared fluorescence 

may be at least 3–5 mm.

Axillary and cervical lymph nodes are usually located at 

deeper subcutaneous positions, so that near infrared fluores-

cence imaging is suitable for mapping of these lymph nodes. 

In this work, we injected 80 µL of liposome-coated chloro-

phyll aqueous suspension containing 1.5 mg/mL of chloro-

phyll intradermally into a nude mouse paw. We then monitored 

migration of the chlorophyll into the axillary SLN by means 

of near infrared fluorescence using an in vivo imaging system. 

As a control, the paw of another nude mouse was synchro-

nously injected with 80 µL of  liposome-free chlorophyll aque-

ous suspension, also containing 1.48 mg/mL of chlorophyll, 

and then monitored using the same methods as described 

above. As shown in Figure 8, the axillary region emitted bright 

fluorescence one minute after injection of li posome-coated 

chlorophyll nanocomposites. This fluorescent spot could still 

be observed clearly in real time at 60 minutes after injection, 

without the need to excise skin and muscle. The axillary region 

of another mouse also emitted fluorescence a short time after 

being injected with the liposome-free chlorophyll, but the 

intensity of the fluorescence was lower than that in the axil-

lary region of the mouse injected with the liposome-coated 

chlorophyll nanocomposite. To verify whether the fluorescent 

spots were SLNs, we resected the SLNs at approximately 

2 hours after injection and then imaged them using the in 

vivo imaging system (Figure 9). The excised SLNs emitted 

a bright red fluorescence. The SLN from the mouse injected 

with liposome-coated chlorophyll was brighter than that from 

the mouse injected with chlorophyll alone. This may have been 

because the liposome-coated chlorophyll nanocomposites had 

brighter fluorescence than the chlorophyll alone, and more 

chlorophyll was targeted at the axillary lymphatic system due 

to liposome delivery. This phenomenon may be very important 

for the surgeon because the SLNs can be observed clearly in 

real time. The bright red fluorescence emitted by the SLNs 

must originate from the chlorophyll, because the SLN of a 

control mouse that was not injected with chlorophyll did not 

emit red fluorescence.

Conclusion
In summary, chlorophyll extracted from the leaves of 

C. salicifolius was encapsulated into liposomes and used 

for the first time in SLN mapping. Due to the fact that the 

lipophilic chlorophyll can be well dispersed in liposomes, 

the liposome-coated chlorophyll nanocomposites not only 

improved the solubility of the poorly water-soluble chlo-

rophyll, but also significantly improved the near infrared 

fluorescence of the chlorophyll. No or low toxicity was 

detected after incubation of cells with chlorophyll for 3 days, 

whether alone or encapsulated in liposomes. Although the 

mouse axillary SLNs can be observed to fluoresce rapidly 

after injection of either chlorophyll or liposome-coated chlo-

rophyll nanocomposites, the SLN of the mouse injected with 

liposome-coated chlorophyll emitted brighter fluorescence 

than that of the mouse injected with chlorophyll alone. The 

SLNs embedded in deep tissues could be observed directly 

through near infrared fluorescence without the need for 

exposure of the SLNs to air. On the basis of these findings, 

it is believed that the use of near infrared fluorescence from 

liposome-coated chlorophyll nanocomposites has clinical 

promise for SLN mapping.
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Figure 9 Bright-field and fluorescent images of the sentinel lymph nodes resected from mice that were not injected with liposome-coated chlorophyll or chlorophyll alone (A), 
injected with liposome-coated chlorophyll (B), and chlorophyll alone (C).
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