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Abstract 19 
Background and Objectives: Carbon nanoparticles (CNPs) as a lymphatic imaging agent that can selectively 20 
enter lymphatic vessels. This experiment used CNPs for lower limb lymph node staining in rabbits, aiming to 21 
explore the suitable concentration and time of CNPs for sentinel lymph node (SLN) sufficient staining, and the 22 
biosafety of CNPs retention was preliminarily explored. 23 
Methods: Staining effect of SLN using different concentrations of CNPs injection on rabbit lower limb 24 
lymphatic model. Explored the temporal correlation of CNPs staining. We investigated the effects of long-term 25 
retention of CNPs in lymph nodes on lymph node tissue structure and mRNA expression of inflammatory 26 
factors (IL-6/TNF-α), necrosis factors (Bcl-2/Bax), and fibrosis factors (Collagen-I/α-SMA). 27 
Results: The lowest concentration to achieve adequate lymph node staining is 0.0781 mg/0.8 mL, while the 28 
best staining results were observed at least 12 hours post-injection. Long-term CNPs retention has no 29 
significant negative impact on the structure and function of lymph nodes.  30 
Conclusions: CNPs is an effective and safe lymphatic tracer. It is a concentration-dependent and time-31 
dependent lymphatic staining agent. 0.0781 mg/0.8 mL and 12 hours are suitable for the rabbit lower limb 32 
lymphatic staining model, which provides valuable data for further research on the application of CNPs in 33 
rabbit animal models. In addition, the results provide evidence for future clinical development of concentration 34 
and time standards for CNPs use. 35 

 36 

Introduction 37 
Sentinel lymph node biopsy (SLNB) now is a common technique used in the treatment of cancer, helping 38 

to advance the creation and application of less invasive surgical techniques[1]. Furthermore, SLNB is essential 39 
to identifying latent micro-metastases in lymph nodes that drain a particular region. Disease staging, disease-40 
free survival, and overall survival are all significantly predicted by the presence of malignant tumor cells in the 41 
sentinel lymph node (SLN)[2, 3]. SLNB has no detrimental effects on disease-free survival or overall survival 42 
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rates and is a less intrusive procedure. Additionally, compared to lymph node dissection, SLNB had decreased 43 
incidence of lymphedema and other postoperative morbidities[4, 5]. 44 

Tracing the lymph nodes is crucial for precise SLNB. At present, common tracers for SLN include 45 
radioactive substances, blue dyes, fluorescent dyes, and carbon nanoparticles (CNPs). Among them, blue dye 46 
has low sensitivity, poor visibility, and can cause 0.1% to 2.7% of adverse reactions, such as skin staining and 47 
allergic reactions. Fluorescent dyes, such as indocyanine green (ICG), provide better tissue penetration and 48 
visualization compared to blue dyes, but require additional specialized equipment assistance [6-8]. CNPs are 49 
the only new carbon nanomaterials that have been marketed and used in therapeutic settings[9] . CNPs is 50 
composed of nanoscale carbon particles with an average particle size of 150 nm. It is a novel nanomaterial 51 
lymphatic tracer that can selectively enter lymphatic vessels without entering blood vessels, achieving targeted 52 
staining of the lymphatic system. Unlike radioactive tracers and fluorescent dyes, CNPs does not require 53 
specialized equipment, making it suitable for hospitals with limited medical conditions. Compared with other 54 
dye lymphatic tracers, CNPs seems to have more advantages in SLN identification and lymphatic vessel 55 
visualization. By accurately identifying lymph nodes, they can also shorten surgical times and lower the risk of 56 
problems following surgery[15]. At present, CNPs is widely used in SLN of thyroid cancer, gastric cancer, 57 
colorectal cancer and breast cancer, showing good lymph node recognition rate and biosafety [10-14]. 58 

Although CNPs has been widely used in clinical practice, there is no unified standard for the injection 59 
dose of CNPs and the exploration time of SLN after injection, which prompted us to conduct this study. At 60 
present, the market price of CNPs is relatively expensive, and the cost of using it for patients is high. Under the 61 
premise of fully staining lymph nodes, injecting CNPs at an appropriate concentration will reduce the dosage 62 
of CNPs used, which will help lower the treatment cost for patients and reduce the likelihood of adverse 63 
reactions caused by excessive CNPs injection. In this study, we used New Zealand rabbits lower limb lymph 64 
staining model to preliminarily investigated the concentration of nanocarbon used when lymph nodes were 65 
fully stained. Explored the temporal correlation of nanocarbon staining. Studied the effects of prolonged 66 
retention of nanocarbon in lymph nodes on lymph node tissue structure and mRNA expression of 67 
inflammatory, necrotic, and fibrotic factors. These findings provide reference for the application of CNPs in 68 
animal models and lay a certain foundation for further standardization of clinical CNPs application. 69 

 70 

Materials & Methods 71 
Carbon Nanoparticle Suspensions (CNPs) preparation 72 
A 1 mL syringe was used to withdraw 0.1 mL of a 5 mg/mL CNPs. Following this, 0.7 mL of physiological 73 
saline was added to the syringe, and 0.4 mL of the resulting mixture was retained for storage. Subsequently, an 74 
additional 0.4 mL of physiological saline was drawn into the syringe. At this stage, the concentration of the 75 
suspension was 2.5 mg/mL. Repeat the above steps to achieve the desired concentrations for different 76 
experimental groups (0.3125 mg/0.8 mL, 0.1562 mg/0.8 mL, 0.0781 mg/0.8 mL, 0.0390 mg/0.8 mL, 0.0195 77 
mg/0.8 mL, 0.0097 mg/0.8 mL.) 78 
 79 
Animals and injection procedures  80 
The New Zealand White rabbits (2.5–3 kg) were housed in standard laboratory conditions with ad libitum 81 
access to food and water. Enrichment materials, such as chew toys and bedding, were provided to promote 82 
natural behaviors. Twenty-four rabbits were randomly assigned to six groups for dose exploration, receiving 83 
varying doses of CNPs (0.3125 mg/0.8 mL, 0.15625 mg/0.8 mL, 0.078125 mg/0.8 mL, 0.0390 mg/0.8 mL, 84 
0.0195 mg/0.8 mL, and 0.0097 mg/0.8 mL) via a four-point footpad injection. Another group of eight rabbits 85 
received a standard dose (0.078125 mg/0.8 mL) to assess the temporal effects at 4, 8, 12, and 16 hours post-86 
injection. All animals received meloxicam (1 mg/kg, subcutaneously) 30 minutes before the procedure and 87 
buprenorphine (0.05 mg/kg, subcutaneously) after injection, repeated as necessary to minimize pain and 88 
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distress. Euthanasia was performed at the end of the experiment via intravenous sodium pentobarbital (100 89 
mg/kg). Criteria for premature euthanasia included signs of severe distress or irreversible harm, but none of the 90 
animals required early euthanasia. Surviving animals were euthanized, and tissues were collected for 91 
histological analysis, with carcasses disposed of according to institutional protocols.Ethical approval has 92 
been obtained from the Institutional Animal Care and Use Committee (IACUC) under the approval number 93 
IACUc-2023-Ra-009. Shanghai Yishang Biotechnology Co., Ltd. All experimental procedures adhere to the 94 
guidelines for animal welfare and ethical standards in scientific research. 95 
 96 
CNPs Injection and SLNB acquisition 97 
Sodium pentobarbital is used for anesthetizing the rabbits and fix their lower limbs, after depilating the hind 98 
footpads of rabbits, CNPs were injected subcutaneously using a four-point method(3, 6, 9, and 12 o'clock). 99 
After waiting for the target time, the rabbit was euthanized by injecting air into the ear vein. The popliteal area 100 
was depilated, locally disinfected, and a longitudinal skin incision of about 1cm was made on the popliteal 101 
skin. The subcutaneous soft tissue was carefully dissected and separated, and the stained lymph nodes were 102 
found. The blood vessels around the lymph nodes and the inflow and outflow lymph vessels were cut off, and 103 
the lymph nodes were removed for further testing. 104 
 105 
The effects of prolonged retention of CNPs in SLNB 106 
To investigate the effects of prolonged retention (2 weeks after injection) of CNPs in lymph nodes, the 107 
histology, immunofluorescence staining, and RT-qPCR were performed. For H&E staining, sections were 108 
deparaffinized, hydrated, stained with hematoxylin and eosin, dehydrated, cleared, mounted, and finally 109 
examined under a microscope for image analysis. For immunofluorescence staining, tissue sections were first 110 
deparaffinized by incubation in xylene for 15 minutes, repeated three times, followed by rehydration through 111 
sequential immersion in 100% ethanol, 95% ethanol, and 70% ethanol for 5 minutes each. The sections were 112 
then incubated with primary antibodies against LYVE-1 (HZ-20120R, Shanghai Huzhen Industrial Co., Ltd, 113 
Shanghai, China) and CD31 (HZ-0195R, Shanghai Huzhen Industrial Co., Ltd, Shanghai, China). This was 114 
followed by incubation with HRP-conjugated secondary antibodies (rabbit anti-goat HRP, bs-0296R, Bioss) 115 
and FITC-conjugated secondary antibodies (goat anti-rabbit FITC, bs-0295G, Bioss). Lymphatic vessel density 116 
was estimated based on five hotspots at high magnification, and CD31-marked vessel density was counted. 117 
Total RNA was extracted from lymph node tissues using Trizol (#R0016, Beyotime, China) according to the 118 
manufacturer's instructions. RNA concentration and purity were assessed using a NanoDrop spectrophotometer 119 
(Thermo Fisher Scientific). cDNA was synthesized from 1 µg of total RNA using the BeyoRT™ III First 120 
Strand cDNA Synthesis Kit (#D7178M, Beyotime, China) in a 20 µL reaction volume, following the 121 
manufacturer’s protocol. Quantitative PCR (qPCR) was performed by the LightCycler® 480 Instrument II. 122 
Gene expression of inflammatory factors(IL-6/TNF-α), necrosis factors(Bcl-2/Bax), and fibrosis 123 
factors(Collagen-I/α-SMA) were analyzed. The mRNA levels were normalized to b-actin and analyzed using 124 
the 2-ΔΔT method [16]. GAPDH served as the internal reference gene for calibrating gene expression levels. 125 
The primers used are listed in Table 1. 126 
 127 
Image and Statistics  128 
Image-Pro Plus 6.0 Software was used to analyze the images. Statistical analyses were performed using 129 
GraphPad Prism v8.0.2.263. Statistical significance and p values are analyzed by one-way ANOVA followed 130 
by Tukey's multiple comparisons test. Cell counts of LYVE-1/CD31 and gene expression levels were analyzed 131 
using t-tests. Results are presented as mean values±SD. And where *p < 0.05 indicates statistical significance. 132 
 133 
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Results 135 
Effective staining in rabbit lower limb lymphatic staining model  136 
Effect of concentration of carbon nanoparticles on staining effectiveness Rabbits were given subcutaneous 137 
injections of increasing doses of CNPs to examine the impact of various CNP concentrations on lymph node 138 
staining. Both in vivo and ex vivo views of lymph node staining were detected (Fig1, Fig 2) . The results of 139 
Image-Pro Plus 6.0 analysis lymph node staining grayscale values show that the capacity of the lymph nodes to 140 
be stained enhanced in proportion to the rise in CNP dosage. CNPs outperformed lesser doses in staining 141 
efficacy (p < 0.01) at a concentration of 0.078125 mg (Fig 2g). Nevertheless, additional concentration 142 
increases did not result in a statistically significant improvement in staining (p > 0.05), suggesting that 143 
0.078125 mg is adequate for rabbit lymph node labeling. 144 
Staining efficiency improved with longer injection times 145 
After confirming that 0.078125 mg/0.8 mL is the appropriate concentration for rabbit lymph node imaging, 146 
CNPs at this dose were used to explore the impact of different staining times (4, 8, 12, and 16 hours) on lymph 147 
node staining effectiveness. Both in vivo and ex vivo observations confirmed that staining efficiency improved 148 
with longer injection times (p < 0.05) (Fig 3). According to the grayscale analysis, 12h and 16h were 149 
statistically insignificant (p> 0.05), proving that 12 hours after injection of CNPs is the starting time for 150 
sufficient staining of sentinel lymph nodes. 151 
 152 
CNPs are safe and effective lymph node imaging agent  153 
To investigate whether CNPs can cause adverse reactions in tissues, a series of tests were conducted for 154 
verification. After nanocarbon staining, HE staining of the lymph nodes reveals that, in comparison to normal 155 
lymph nodes, the lymph nodes' shape is regular, their contour is complete, and the quantity and distribution of 156 
cells inside the lymph nodes are normal(Fig 4).Use immunofluorescence to evaluate the pan vascular marker 157 
CD31 and lymph specific hyaluronic acid receptor LYVE-1 to assess the effect of CNPs on lymph node 158 
vasculature and lymphatic vessels. The results indicate that the prolonged retention of CNPs did not affect the 159 
number of blood vessels and lymphatic vessels within the lymph nodes (Fig 5) 160 
In addition, RT qPCR was used to evaluate the mRNA expression levels of inflammatory, necrotic, and 161 
fibrotic factors in lymph nodes. The results showed that long-term retention of CNPs did not increase the 162 
expression of cytokines related to lymph nodes (p>0.05) (Figure 5g), further confirming the biocompatibility 163 
of CNPs and its effectiveness as a safe lymph node imaging agent. 164 

In addition, there is no staining agent leakage around the lymph nodes stained with carbon nanoparticles, 165 
as demonstrated in Figure 2, which also shows how the black lymph nodes stained with nanocarbon have a 166 
dramatic color contrast with the surrounding tissues and can even be seen through the skin. Furthermore, after 167 
injecting CNPs, the rabbits' feeding, drinking, and resting patterns remained unchanged, and no inflammatory 168 
symptoms, such as swelling or rupture, were noticed at the injection site until the completion of the trial. 169 
Fig5. 170 

 171 

Discussion 172 
By performing preoperative and intraoperative lymphatic mapping and then selectively excising the first lymph 173 
node discovered in the lymphatic drainage channel leading from the main tumor to the regional nodal basin, a 174 
procedure known as SLNB is carried out. By identifying the lymph node most likely to have any cellular 175 
metastases from the original tumor, this procedure diagnoses clinically occult illness[17-18]. Carbon 176 
nanoparticles (CNPs) have emerged as a promising lymph node tracer due to their unique properties, such as 177 
not relying on specialized equipment, ease of operation, and stable staining effects[19]. Following an 178 
intratumoral injection, CNPs can dye the tumor drainage lymph node black. Advanced stomach cancer, breast 179 



cancer , and papillary thyroid carcinoma have all seen successful demonstrations. Furthermore, CNP injections 180 
can significantly lower the risk of incorrect resection since they do not stain the parathyroid gland during 181 
thyroid cancer surgery[20]. CNPs demonstrated efficient lymph node staining and minimal side effects. This is 182 
mainly because CNPs can enter the lymphatic system efficiently and not enter the bloodstream, which lowers 183 
systemic toxicity[21-23]. Because CNPs don't require the use of radioactive isotopes like radioactive tracers do, 184 
there are fewer worries regarding radiation exposure. Research has indicated that while radioactive tracers such 185 
as Tc-99m are extremely sensitive in SLN biopsy, their radioactivity may put patients and medical personnel at 186 
risk[24]. On the other hand, CNPs are just as effective at localizing lymph nodes but don't come with the same 187 
radiation safety concerns[25]. ICG provides high contrast imaging in near-infrared light and good tissue 188 
penetration when used as a fluorescent tracer[26]. But in environments with limited resources, ICG may not be 189 
possible due to the need for costly imaging equipment[27]. In contrast, CNPs is a good substitute for ICG in 190 
settings with limited equipment because they don't need specific equipment and provide distinct staining 191 
effects[28]. In this investigation, 0.078125 mg/0.8 mL was the suitable minimum concentration of CNPs in the 192 
rabbit lower limb lymph staining model, and at least 12 hours after injection, a significant staining impact of 193 
the lymph nodes could be seen. Similar to other lymphatic dye tracers, the staining effect of nanocarbon 194 
exhibits concentration dependence and time dependence within a certain range. As shown in Figure 2, the 195 
black lymph nodes stained with nanocarbon have a strong color contrast with the surrounding tissues, and even 196 
the black stained popliteal lymph nodes can be detected through the skin, making it easier to quickly locate the 197 
target lymph nodes and reducing surgical time; Moreover, there is no leakage of staining agents around the 198 
lymph nodes stained with CNPs, and the tissue can be clearly distinguished during dissection, which facilitates 199 
our precise surgical operation and further reduces the trauma caused by surgery and the incidence of related 200 
complications. And, in our experiment, no inflammatory reactions such as swelling or rupture were observed at 201 
the injection site of the rabbits until the end of the experiment, and after injecting CNPs, there was no change 202 
in daily habits. 203 
 204 

In this study, we conducted tissue immunofluorescence analysis and RT-qPCR analysis on rabbit 205 
popliteal lymph nodes regarding the biological safety of long-term retention of CNPs. The experimental results 206 
showed that long-term retention of CNPs did not significantly affect the tissue structure of lymph nodes, and 207 
there was no differential increase in the mRNA expression of inflammatory factors(IL-6/TNF-α), necrosis 208 
related factors(Bcl-2/Bax), and fibrosis factors(Collagen-I/α-SMA). This is consistent with previous studies on 209 
the biocompatibility of nanomaterials, further supporting the potential of CNPs as a safe and effective lymph 210 
node tracer[29,30]. In addition, according to other animal experiments and clinical observations, CNPs has 211 
very low toxicity after exposure[31]. The endpoint time of our experiment is 2 weeks, and further exploration 212 
is needed to investigate the lymphatic system retention of nanocarbon for a longer period of time and whether 213 
it has adverse effects on various organs throughout the body. 214 
 215 

In terms of timing for SLN staining, different tracers have shown varying optimal imaging times. For 216 
instance, blue lymphatic staining agents, generally, only need to be injected during surgery because of their 217 
small molecular weight and fast diffusion rate within the lymphatic system. 99mTc-labeled sulfur colloid 218 
typically achieves optimal imaging within 2 to 3 hours post-injection[32]. Our findings that CNPs achieve 219 
optimal staining at 12 hours post-injection are consistent with current clinical practices, supporting the 220 
necessity of extending the staining period before surgery[33]. The prolonged retention of CNPs in lymph 221 
nodes provides us with a wider surgical window for finding lymph nodes, but further research is needed to 222 
determine whether prolonged intervals after injection lead to more staining of non sentinel lymph nodes, 223 
especially in areas with complex lymph structures such as the axilla and groin. Nonetheless, further research is 224 
needed to explore the long-term staining effects and the application of CNPs in other cancer types. Although 225 



our research indicates that a concentration of 0.078125mg/0.8mL of CNPs is effective for staining rabbit 226 
models, our experimental results provide some reference value in the relevant experiments of rabbit models. 227 
However, further research is needed for the application of nanocarbon in other animal models, as well as in 228 
clinical applications for different patients and disease types [34]. Especially in cases involving more complex 229 
lymphatic systems or lymph node metastasis, higher or lower doses may be required to achieve optimal results 230 
[35]. Recent studies have found that CNPs can also be used as drug carriers to load drugs for targeted therapy 231 
of tumor metastasis in the lymphatic system. They can reduce the concentration of drugs used and minimize 232 
side effects[36]. 233 
 234 

 235 

 236 

Conclusions 237 
In summary, our study found that CNPs is a concentration dependent and time-dependent lymphatic staining 238 
agent, and increasing the concentration and time of CNPs within a certain range can improve the staining 239 
effect of lymphatic formation. 0.78125 mg/0.8 mL is suitable for the rabbit lower limb lymphatic staining 240 
model, which provides valuable data for further research on the application of CNPs in rabbit animal models. 241 
In addition, the safety of long-term retention of CNPs has also been confirmed in this experiment, and our 242 
research results provide evidence for future clinical development of concentration and time standards for CNPs 243 
use. 244 
 245 
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 252 
FIGURE LEGEND 253 
Figure 1 : Observation of popliteal lymph nodes in rabbits 12 hours after injection of nano-carbon into 254 
the plantar region of the foot. Staining intensity at different doses: (a) 0.3125mg, (b) 0.15625mg, (c) 255 
0.078125mg, (d) 0.039mg, (e) 0.019mg, (f) 0.0097mg. The staining intensity of popliteal lymph nodes was 256 
assessed following injection of different doses of nano-carbon into the plantar region of the foot in rabbits after 257 
a 12-hour period. 258 
 259 
 260 
Figure 2: Longitudinal cross-sectional images of popliteal lymph nodes extracted from rabbits at 261 
different doses:  (a) 0.3125mg, (b) 0.15625mg, (c) 0.078125mg, (d) 0.039mg, (e) 0.019mg, (f) 262 
0.0097mg. Panel (g) depicts tissue grayscale analysis, showing a cliff-like decrease below 263 
0.78125mg.The longitudinal cross-sectional images of popliteal lymph nodes extracted from rabbits at 264 
varying doses are presented in panels (a) to (f), with grayscale analysis shown in panel (g) indicating a 265 
sharp decline below 0.078125mg, as observed in a cliff-like fashion. 266 
 267 
 268 



Figure 3: Observation of staining in popliteal lymph nodes at a uniform concentration 269 
(0.078125mg) following injection at different time points ((a) 4h, (b) 8h, (c) 12h, (d) 16h). Subsequent 270 
longitudinal sectioning ((f)) and grayscale analysis ((e)) revealed an increasing trend in staining 271 
effectiveness with longer observation times. There was no statistical significance between the 12h and 272 
16h groups (p > 0.05). 273 
The staining patterns in popliteal lymph nodes were monitored at a consistent concentration of 274 
0.078125mg after injection at various time intervals (4h, 8h, 12h, 16h). Following longitudinal sectioning 275 
(panel f) and grayscale analysis (panel e), it was observed that the staining effectiveness exhibited an 276 
upward trend with increasing time. Notably, there was no statistically significant difference between the 277 
12h and 16h groups (p > 0.05), as indicated by the analysis. 278 
 279 
 280 
Figure 4: H&E-stained histological sections of rabbit lymph nodes showing typical lymph node 281 
architecture. With distinct regions including the cortex, paracortex, and medulla. Histological analysis 282 
confirms the structural integrity of the lymph nodes, with clearly demarcated areas. In all experimental 283 
groups, tissues stained with CNPs were observed. The scale bar for the magnified image is 50 μm. Panels 284 
represent different experimental conditions: (a) dosage group, (b) time group, (c) 2-week carbon 285 
nanoparticle retention. 286 
 287 
 288 
 289 
 290 

Figure 5 ：The immunofluorescence results of the CNPs injection group (a, c) and the control 291 

group (b, d). Low magnification images show bright staining for LYVE-1 , high magnification images 292 
depict LYVE-1-labeled lymphatic vessels (a, b), and the distribution of CD-31 is observed at high 293 
magnification (c, d). The average LYVE-1 expression levels are shown in panel (e), with no significant 294 
difference observed (P > 0.05). Panel (h) presents the average number of CD-31-labeled vessels, also 295 

showing no significant difference (P > 0.05).（f）relative values were utilized for analysis in the q-PCR 296 

analysis against the control group, revealing no statistically significant differences across all groups (p > 297 
0.05). (g). 298 
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