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Abstract

Demarking lymph node networks is important for eanstaging in clinical practice. Here, we
demonstrate in vivo dual-color photoacoustic lymphangiography usingl-oedanic
nanoformulated naphthalocyanines (referred to asmaps). Nanonap frozen micelles were self-
assembled from two different naphthalocyanine dyitls near-infrared absorption at 707 nm or
860 nm. These allowed for noninvasive, nonionizingigh resolution photoacoustic
identification of separate lymphatic drainage systén vivo. With both types of nanonaps, rat
lymph nodes buried deeply below an exogenouslygplakld mm thick layer of chicken breast
were clearly visualizedh vivo. These results show the potential of multispegitadtoacoustic

imaging with nanonaps for detailed mapping of lyefahdrainage systems.



1. Introduction

The sentinel lymph node biopsy (SLNB) has beconstaadard clinical procedure as a less
invasive preference to axillary lymph node dissectin breast cancer patients. In clinical
practice, prior to SLNB, sentinel lymph nodes (ShBe identified intraoperatively to guide the
surgical operations [1-3]. The typical clinical prool includes: (1) injection of radioactive
colloids (e.g.>™c), (2) rough identification of the SLN's positioising a Geiger counter, (3)
injection of a colored dye (e.g., methylene blug)) exposure of the SLN via visual
identification, and (5) surgical removal of the Skt histology [4, 5]. From a safety point of
view, conventional SLNBs use ionizing radiation aaré not completely free from morbidity;
associated complications such as seroma, lymphedeenze injury, and limitation of motion
often occur [6, 7]. More problematically, the lowasial resolution of the Geiger counter makes
it impossible to noninvasively pinpoint the exaosjiion of the SLN [8]. Therefore, noninvasive,
nonionizing, and accurate imaging of SLNs is caitito relieve the burden of the cancer patients
by providing possibilities to perform minimally iagive image-guided axillary staging using
fine needles or noninvasively identify the metast&LNs using molecular targeting agents [9].

Recently, photoacoustic imaging (PAI) has been @aeol as a noninvasive lymph node
mapping tool in both small animals and human breaster patients because it can sensitively
visualize contrast enhanced SLNs in deep tissues (ip to ~ 50 mm) with good ultrasonic
spatial resolution (i.e., ~ 0.5 mm) [10-13]. Orgadyes such as methylene blue and indocyanine
green have been typically used as PA lymph noadertsa However, these small molecules have
concentration-dependent spectral properties and fitm quickly into successive lymph nodes

from the sentinel node resulting in a high ratdatée positives in axillary staging [14-16]. In



addition, other inorganic contrast agents such @d- gand carbon-based nanostructures have
been widely exploited as PA lymph node agents iallsamimals due to strong localized surface
plasmon resonance, biocompatibility, and efficienblecular targeting capability [17-21].
However, inorganic materials generally are assediawith long-term safety concerns.
Multispectral family of nanoparticles have been dastrated with this approach, but not in the
context of lymphatic mapping [22].

Conventional medical imaging tools typically usenoochromatic energy sources. Thus, one
contrast agent can be visualized at a single atignisand the acquired data is limited to a
single spectrum. Optical imaging is uniquely abte provide multi-spectral parameters of
multicolor contrast agents [23-26]. However, cortia@ral planar fluorescence imaging or high
resolution fluorescence microscopy suffers frorheagitpoor spatial resolution in deep tissues or
shallow penetration, respectively.

In this study, we have used organic nanoformulateghthalocyanines (referred to as
nanonaps) for dual-color PA SLN mappingvivo. The discovery of nanonaps was recently
reported [27] and unique features include (1) eftoeplly strong near-infrared (NIR) absorption
in solution of greater than 1000 (additionally, 9beare nearly 100 times more absorbing than
gold nanorods at the same mass concentrationpo(otential heavy metal toxicity due to its
organic nature, (3) multi-color imaging capabildye to wide spectral tuning range in the NIR
region, and (4) non-shifting spectral stabilityuitahigh optical densities. Nanonaps are formed
from kinetically frozen Pluronic triblock copolynegewhich are formed with two biocompatible
polyethylene blocks. Due to the hydrophobicity leé naphthalocyanines, excess surfactant can
be removed at low temperatures through membranete wie dye is fully retained in the

micelles. Here, we have noninvasively delineated $&parate lymphatic systems and SLNs in



small animalsin vivo with combination of dual-color nanonaps and PAlrtker, the deep
imaging penetration (~ 10 mm) in biological tissueas also achieved with aid of highly
absorbing nanonaps vivo. Therefore, we expect nanonaps to be beneficiddréast cancer

staging as minimally invasive or noninvasive PA phmode tracers.

2. Materialsand Methods

2.1 Nanonap formation: 2 mg 5,9,14,18,23,27,32,36-octabutoxy, 2,3-nagbttyanine (ONc)

or 2,11,20,29,tetra-tert-butyl-2,3-naphthalocyanin@nBNc) was dissolved in 1 ml
dichloromethane solvent, then the organic soluti@s added drop wise to 10 ml 10% (w/v)
Pluronic F127 solution and was stirred until thechtbromethane evaporated. After
centrifugation at 3,500 g for 10 min, the supemttegere subjected to centrifugal filtration using
Amicon Ultra-15 centrifugal filtration device with 100,000 MWCO (Fisher #UFC9-100-24) at
4 °C until 200 pL of solution was retained in tiigdtion device. Water was then added back to
the filtration device and the washing procedure weseated in triplicate. Absorbance was

measured with a Lambda 35 UV/VIS spectrophotom@erkin Elmer).

2.2 Photoacoustic imaging system: A dark-field PAI system (Fig. S1) was utilized il a
imaging studies [28]. We used a tunable OPO laSerelite OPO PLUS; Continuum) pumped
by a Q-switch Nd:YAG laser (Surelite 111-10; Conuim) to generate laser pulses with a pulse
width of 4 ns and a repetition rate of 10 Hz. Qgdtiwavelengths of 707 and 860 nm which
match the optical absorption peaks of nanonaps sedeeted forn vivo andex vivo PA imaging.
After going through a spherical conical lens anddamade optical condenser, the donut-shaped

laser beam illuminated into targets. The measusaser| pulse energy was approximately 1



mJ/cnf, which satisfies with the safety limit of the Ariwan National Standards Institute

(ANSI). To enhance acoustic coupling, we used a&mbaath having a bottom opening covered
with a thin membrane. The generated PA signals wdetected by a single-element spherically
focused ultrasound transducer (V308; Olympus NDTthva 5-MHz-center-frequency. The

lateral and axial resolutions are 590 and {iB0 respectively. With one laser pulse excitation at
a fixed position, 1D depth-resolved PA images altheyz axis were acquired, referred to as A-
lines. By performing raster scanning along the is,a8&D depth-sensitive PA images along the x
and z axes were obtained. Additional raster scanaiong the y axis allowed us to acquire the
volumetric PA images. The amplified PA signals wereorded by an oscilloscope (MSO5204;

Tektronix).

2.3 In vitro analyses of the PA sensitivity and spectrum: To measure the PA sensitivity and
spectra of 707 (ZnBNc) and 860 (ONc) nm nanonagsprmepared ten silicone tubes (508-001,
Silastic laboratory tubing) filled with aqueous wbns of water and nanonaps with various
concentrations. The silicone tubes were initialke@l onto an acrylic holder having a middle
opening, and both distal ends of the tubes weredglusing silicone sealant (RTV118,
Momentive). Then, the silicon tubes were immersetheé water bath. To acquire the PA spectra,
the excitation laser wavelength was tuned from 680to 950 nm. Furthermore, the optical
wavelengths of 707 nm and 860 nm were used to medisa PA sensitivities of two types of

nanonaps.

24 In vivo and ex vivo PA imaging: We satisfied with the guidelines of Pohang Uniugrsif
Science and Technology (POSTECH) on the care aadbtitaboratory animals in all animal
experiments. First, female Sprague Dawley rats @~@5were prepared fon vivo single-color

PA lymph nodes mapping. A mixed solution of ketaen{85 mg/kg) and xylazine (15 mg/kg)



was used to anesthetize the rats, and then a vegeasoflurane system was used to maintain the
anesthesia during the vivo experiments. Before PA imaging, the hair in thdlay regions
was removed using depilatory gel. The PA imagethefaxially region were visualized before
and after injection of each nanonaps (0.1 mL and &yy/mL) via the left forepaw pad. We have
maintained the temperature of the rats using atraléheating pad. Fan vivo dual-color lymph
nodes mapping, female Balb/c hairless mice (~ 2Wvaye prepared. After anesthetizing them,
they were positioned on the sample stage, and ttheerdorsal regions were photoacoustically
imaged. After acquiring the control PA image, 70@ and 860 nm nanonaps (0.01 mL and 17.1
mg/mL) were injected simultaneously throughout fimepaw pads of both sides (i.e., left side;
707 nm nanonap and right side; 860 nm nanonapgr Aftishing allin vivo animal experiments,
they were sacrificed using overdosed Qfas, and the lymph nodes were extractedeforivo

PA imaging.

3. Reaults

Nanonaps were generated as previously describefd fichloromethane solution of
naphthalocyanines (Nc) was added to an aqueouactamt solution of Pluronic F127 and the
organic solvent was evaporated, leading to the &ion of nanonap frozen micelles. At 4 °C,
free F127 micelles, but not nanonaps, were dissatimto small F127 unimers, allowing for
removal of the free surfactant with low temperatoeatrifugal filtration. The frozen micelles
were induced by the highly hydrophobic Nc dyes usesd shown in Fig. 1A. The 707 nm
nanonaps were formed using 2,11,20,29,tetra-tey-B.8-naphthalocyanine and the 860 nm
nanonaps were formed using 5,9,14,18,23,27,32,8botoxy,2,3-naphthalocyanine. Nanonaps

were stable in serum, a typical biological fluidy €xtended incubation time (Fig. S2). As shown



in Fig 1B, these wavelengths represent the pealorptisn wavelength of the purified
nanoparticulate aqueous solution. The absorptiakgpeere sufficiently resolved to distinguish
the two nanonaps unambiguously without immediatefyuiring spectral unmixing algorithms.
As shown in Fig. 1C, the size of both types of maps was approximately 20 nm. The PA
sensitivities of 707 nm and 860 nm nanonaps wemated by measuring the PA amplitudes at
various concentrations (Fig. 1D, 707 nm nanonags Fig. 1E, 860 nm nanonaps). As the
concentrations of the nanonaps increase, the PAitades linearly increase with?Rralues of
98 and 97 % for 707 and 860 nm nanonaps, respbctiMee minimum detectable concentration
of 707 and 860 nm nanonaps were both 138/&1L with signal-to-noise ratios (SNRs) of 2.04
dB and 2.60 dB, respectively. The noise equivadensitivities of 707 nm and 860 nm nanonaps
are 65.5ug/mL and 51.41g9/mL, respectively. The PA spectral propertieshef 707 nm and 860
nm nanonaps at concentrations of 4.3 mg/mL werenaed (Fig. 1F). Each PA spectral profile
is generally similar to the optical absorption gpsm of each nanonap.

To investigatan vivo noninvasive PA SLN identification, we independgmtjected 707 and
860 nm nanonaps into rats' forepaws with a conagotr of 17.1 mg/mL and a dose of 100
Figs. 2A and H show the photographs of the haireneed rats acquired befoia vivo PA
imaging. The black dotted boxes in Figs. 2A andegresent the scanned areas. Before the
independent injection of each nanonap, we acquo@utrol PA images (Figs. 2B and 1),
respectively. The control PA maximum amplitude potion (MAP) images clearly visualized
axillary vasculatures with a PA image contrast (I Aaxillary vasculatures~ PPpackground/ PAbackgroung
of 8.5 + 0.7 and 6.4 = 0.5, but the SLNs were ristble due to their optical transparency. The
draining SLN and lymphatic vessels were photoacoalst identified at 28-mins-post-injection

(Fig. 2C; 707 nm nanonap and Fig. 2J; 860 nm ngpjoifdne PA image contrasts of SLNs (i.e.,



(PAsLn— PAvackground/PAvackground are 32.5 + 2.8 and 34.4 + 1.7 in Figs. 2C andespectively.
The PA image contrasts of lymphatic vessels ({[BAymphatic vesselss PAvackground/PAbackground are
13.3+ 3.4 and 25.4 + 4.6 in Figs. 2C and 2J, respy. The contrasts of the SLNs with respect
to the blood vessels (i.e., (BA— PAbiood vessel/ PAbiood vessels are 5.2 £ 0.5 and 7.1 £ 0.4 in Figs.
2C and 2J, respectively. The contrasts of the lyatiplvessels with respect to the blood vessels
(i.e., (PAymphatic vessels- PPbiood vesseld PAblood vesse are 1.6 + 0.6 and 5.0 + 1.1 in Figs. 2C and 2J,
respectively. Figs. 2D and 2K show the depth-endddd images of Figs. 2C and 2J using
pseudo-colors, respectively. The SLNs are locafgmteximately 2.0 — 2.5 mm from the skin
surfaces. Figs. 2E and 2L are the depth-resolved®f8an images cut along the yellow dotted
lines in Figs. 2C and 2J, respectively. Figs. 2& 2 show clearly the SLNs filled with 707 nm
and 860 nm nanonaps, respectively. Then, we layarietten breast tissues on top of the rats to
increase the imaging depth from 2 mm to 6 mm (Rgsand 2M) and 10 mm (Figs. 2G and 2N)
[29, 30]. Regardless the types of nanonaps, thesSiiN clearly delineated at both depths. The
PA image contrasts of the SLNs at 6 mm are 6.10tahd 5.0 £ 0.6 in Figs. 2F and 2M,
respectively. The PA image contrasts of the SLNECatnm are 2.4 £ 0.4 and 1.9 = 0.4 in Figs.
2G and 2N, respectively.

After in vivo PA imaging, we sacrificed rats and extracted lynmaides forex vivo PA
validation. We also sacrificed a control rat withany injection, and excised lymph nodes.
Three axillary lymph nodes including the SLN weeenpved from each rat. Fig. 3A shows the
excised lymph nodes. Then, we photoacousticallyestigated the spectral responses of the
extracted lymph nodesx vivo. Figs. 3B-I shows the PA images of the excisedplymodes
acquired at 680, 700, 750, 800, 850, 860, 900,9%&ftdnm, respectively. The spectroscopic PA

signals of three SLNs were quantified and normdlize Fig. 3J. The spectral PA responses



measured from the removed SLNs well matched wighrthvitro optical absorbance (Fig. 1B)
and PA (Fig. 1F) measurements of 707 and 860 nnornegs. At 707 nm, the PA signal
enhancement within the SLN with an injection of #0% nanonaps (i.e., (RA\ filed with nanonab
PAnormai stn— 1) X 100) reached 1276 + 147 %, which was apprately 4 times higher than
that of the SLN with an injection of 860 nm nanongpl2 + 67 %). On the other hand, at 860
nm, the PA signal enhancement within the SLN waithinjection of 860 nm nanonaps reached
870 + 228 %, which was approximately 2 times highet of the SLN with an injection of 707
nm nanonaps (433 £ 52 %).

For dual-color PA SLN mapping, we simultaneousfgdated both 707 and 860 nm nanonaps
to left and right forepaws of a BABL/c hairless rseurespectively. The animal was positioned
in the animal holder to image the dorsal planehasva in Fig. 4F. Before injection, the control
PA MAP images were obtained at both 707 and 86@sshown in Figs. 4A and B, respectively.
In the control PA images, axillary vasculatures @dearly visible with PA image contrasts of 3.2
+ 0.2 (707 nm and Fig. 4A) and 3.5 + 0.3 (860 nrd &g. 4B). Figs. 4A-a and b shows the
depth-sensitive PA cross-sectional images acqulaag the yellow dotted lines a and b in Fig.
4A, and Figs. 4B-a and b shows the PA cross-satiomages obtained along the yellow dotted
lines a and b in Fig. 4B. The SNLs and lymphatiessets are invisible in all control images.
After injection, the PA MAP images were acquired kaith 707 and 860 nm excitation
wavelengths as shown in Figs. 4C and D. With 707asar excitation, lymphatic vessels and a
SLN at the left axillary region were clearly delated (Figs. 4C and 4C-b). The PA image
contrasts of the left SLN and left lymphatic vessate 6.7 £ 0.2 and 11.8 = 1.5, respectively.
The PA contrasts of the left SLN and left lymphatissels with respect to the blood vessels are

1.1 £ 0.1 and 2.5 £ 0.4, respectively. One theotlaad, with 860 nm laser excitation, lymphatic
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vessels and a SLN at the right axillary region erelently identified (Figs. 4D and 4D-a). The
PA image contrasts of the right SLN and right lyraft vessels are 7.8 £ 0.3 and 6.5 = 0.4,
respectively. The PA contrasts of the right SLN aigtit lymphatic vessels with respect to the
blood vessels are 1.1 £ 0.1 and 0.8 £ 0.1, resp#ygtiNote that weak PA signals were also
detected from the right SLN with 707-nm light eatibn and the left SLN with 860-nm light
excitation. Finally, Fig. 4E shows the overlaid RBAP image of the lymphatic vessels and
SLNs acquired from the left (i.e., 707 nm nanonapd amber) and right (i.e., 860 nm nanonaps
and green) axilla.

After in vivo dual-color PA imaging, the mouse was euthanizetl kaoth left and right SLNs
were removed foex vivo PA validation (Fig. 5A). Then, the spectral PArsts were quantified
from the SLNsex vivo at 680, 707, 750, 800, 850, 860, 900 and 950 nshawn in Figs. 5B-I,
respectively. At 707 nm, the PA signal enhancenoérthe SLN1 excised from the left axillary
region (i.e., 707-nm nanonaps injection and 13&2@ %) is 2.6 times stronger than that of the
SLN2 did from the right axillary area (i.e., 860-nmanonaps injection and 533 + 69 %). Hie
vivo PA imaging results were opposite at 860 nm (B&IN1, 260 + 134 % vs. SLN2, 2165 +
462 %). Figure 5J shows the normalized spectratézponses of the SLNs, and thege/ivo
dual-color PA imaging results highly co-relatediwtbein vitro optical absorbance (Fig. 1Bj
vitro spectroscopic PA measurement (Fig. 1F), @ndvo single-color spectral PA measurement

(Fig. 3J).

4. Discussion
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One fundamental advantage of optical technique$ saag fluorescence imaging and PA
imaging over current clinical modalities such agasiound, PET, CT and MR is that optical
methods can inherently discriminate multiple opljcdistinct molecular species simultaneously.
While this concept has been demonstrated extegdioemultiplexed fluorescence imaging [24,
25], to our knowledge there have been few conviopclamonstrations of multispectral contrast
lymphatic imaging using PA, despite that PA is éetuited for SLN imaging, given its far
superior depth capabilities. The lack of explomatior multispectral contrast SLN imaging in PA
could be for several reasons: 1) PA instrumentasostill rapidly evolving and multi-spectral
lasers and systems are still improving. Once tuienédsers with broader spectral coverage are
more available, more PA chromophores will be agbkss?2) Compared to PA agents,
fluorophores have distinct excitation and emisgooperties that enable improved resolution of
different species; 3) Most PA-active nanopartichesre broad absorption peaks that inhibit
spectral resolution; 4) Many PA-active chromophoe@ber cannot be concentrated to high
absorption values for injection, or shift their spal properties at higher concentrations.
Nanonaps directly address the last two issues oreedi Their absorption values are sufficiently
narrow to resolve and solutions of nanonaps rolytinave absorption values greater than 1000.
Previously, it was shown that nanonaps, but notlsmalecule NIR dyes, have consistent peak
absorbance wavelengths over a range of concemtsafiY]. Practically, it should be possible to
simultaneously monitor the different drainage pateand mixing of multiple lymphatic systems
invivo. In addition, our method can be a potential toahterpret two independent features in a
single image. Further, multi-color and multi-agémaging could be significantly beneficial to

the more complicated lymphatics such as the lymplgstems in head and neck.
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Currently, the maximum penetration depth is apprately 1 cm in biological tissues because
the used laser pulse energies were ~ 1 nf)ismich are much less than the ANSI limit. If we
improved the light delivery system, more light dendelivered to enhance the penetration depth.
In addition, the imaging depth can be much morerawgd if a clinical PA imaging system is
used [10-13]. Further, the averaged depth of thestoface of the axillary human SLNs is only
~12 + 5 mm below the skin surface. Additionallye ttlinical PA imaging system with an US
array system will reduce the scanning time, anchenaly real-time PA imaging is possible.
Although methylene blue is the clinical used trafler SLN mapping, the cellular toxicity of
nanonaps is superior to that of methylene blue. [Edither, the molar extinction coefficient of
the naphthalocyanine derivative dye in the ONc naps (i.e., 1.5 x foM'cm?) is

approximately 2 times higher than that of methylehe (i.e., 7.4 x T0M™*cm?) [31].

5. Conclusion

To our knowledge, this is the first convincing dersivation of simultaneous dual-color PA
imaging of two separate lymphatic systemsivo. Further, dual-color organic nanoformulated
naphthalocyanines (nanonaps) have been successyullyesized and demonstrated as excellent
PA SLN tracersn vivo. The key features of nanonaps include: (1) exoaptioptical absorption
in the NIR region, (2) spectral stability at a véngh concentration, and (3) no heavy metal
toxicity. If combined with a clinical PA imaging stem, this approach may potentially provide
new methodology for minimally invasive or noninwasimethod for axillary node mapping

staging in breast cancer patients. Additionallyn¥ivo dual-color PA imaging is integrated with

13



bioconjugated nanonaps, this method can be apphiddentify migration and metastasis of

cancer cells within lymphatic systems.
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Captions

Fig. 1. Formation of nanonap, and optical and photoacoystperties. (A) Chemical structure
of naphthlocyanines used in this study. 707 nm naps are formed with: M = Zn; R1= t-Bu;
R2 = H. 860 nm nanonaps are formed with: M = 2H=R4; R2 = O-(CH2)3CH3. (B)
Normalized optical absorbance and photograph of m@d7(left, green) and 860 nm nanonaps
(right, amber) in water. (C) Dynamic light scatteyiof 707 nm nanonaps (green) and 860 nm
nanonaps (amber). (D and E) PA signal amplitudedgésrent concentration of 707 nm (green)
and 860 nm (amber) nanonaps, respectively. (F)t&pdeA responses of 707 nm (green) and
860 (amber) nm nanonaps.

Fig. 2. In vivo noninvasivePA imaging of rat's SLNs with injection of 707 nmda860 nm
nanonaps. (A and H) Photographs of the rats takésrdin vivo imaging. (B and I) Control PA
MAP images at 707 nm and 860 nm, respectively. @rllfary blood vessels are visible. (C and
J) PA MAP images obtained at 28—min-post-injectmin 707 nm and 860 nm nanonaps,
respectively. The SLNs and lymphatic vessels azarly} visualized. (D and K) Depth-encoded
PA images of (C and J), respectively. (E and L)SStsectional PA B-scan images cut along the
yellow dotted lines in (C and J), respectively.afid M) Cross-sectional PA B-scan images of
the SLNs with injection of 707 nm and 860 nm nams)aespectively, and the PA images were
acquired with one layer of chicken breast tissop af the rats. (G and N) Cross-sectional PA B-
scan images of the SLNs with injection of 707 nrd 80 nm nanonaps, respectively, and the
PA images were acquired with two layers of chickemreast tissue atop the rats. PA,
photoacoustic; MAP, maximum amplitude projectiobNSsentinel lymph node; LV, lymphatic
vessel; and BV, blood vessel.

Fig. 3. Ex vivo spectroscopic PA imaging of excised lymph nodA¥.Rhotograph of removed
lymph nodes. L1-3, LNs excised from the axillarygiom of a normal rat; L4-6, SLN and
successive LNs excised from the axillary regioraaht with an injection of 707-nm-nanonaps,
respectively; and L7-9, SLN and successive LNss=ctirom the axillary region of a rat with an
injection of 860-nm-nanonaps, respectiveligx vivo PA images of the removed lymph nodes
acquired at (B) 680, (C) 707, (D) 750, (E) 800, 85D, (G) 860, (H) 900, and (I) 950 nm. (J)
Quantification of normalized spectroscopic PA slgemehancements calculated from the SLNs.
PA, photoacoustic; SLN, sentinel lymph node; and LIMmph nodes.

Fig. 4. In vivo simultaneous dual-color PA imaging of a rat's Skith injection of dual-color
nanonaps (707 and 860 nm). (A) Control PA MAP imag@07 nm. (A-a and A-b) Control PA
cross-sectional images of right and left axillaggions cut along the dotted lines a and b in (A),
respectively. (B) Control PA MAP image at 860 ni-g and B-b) Control PA cross-sectional
images of left and right axillary regions cut alaihg dotted lines a and b in (B), respectively.
707 nm and 860 nm nanonaps (0.01 mL and 17.1 mghvere injected simultaneously

15



throughout the forepaw pads of both sides (i.&. slde; 707 nm nanonap and right side; 860 nm
nanonap). (C) Post-injection PA image at 707 nGia(and C-b) Corresponding PA cross-
sectional PA images cut along the dotted linesdalaim (C). (D) Post-injection PA image at
860 nm. (D-a and D-b) Corresponding PA cross-seatiBA images cut along the dotted lines a
and b in (D). (E) Overlaid dual-color PA image datt right and left lymphatic systems. (F)
Photograph of the dorsal region of the animal. Sé@htinel lymph node; LV, lymphatic vessel;
H, head; and T, tail.

Fig. 5. Ex vivo spectroscopic PA imaging of excised SLNs aifterivo dual-color PA mapping.
(A) Photograph of extracted SLNs. The SLN1 wassedcifrom the left axillary region with 707-
nm nanonaps injection, while the SLN2 was fromrtgkt side with 860-nm nanonaps injection.
Ex vivo PA images of the excised SLNs acquired at (B) 89,707, (D) 750, (E) 800, (F) 850,
(G) 860, (H) 900, and (I) 950 nm. (J) Quantificatiof normalized spectroscopic PA signal
enhancements calculated from the SLNs. PA, photesicoand SLN, sentinel lymph node.
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Fig.5
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Supporting Information
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Fig. S1. Schematic of a photoacoustic imaging system. Wiasound transducer.
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