
1, 2Qianqian Chen  MM, 
2*Jinhe Zhang  PhD, 
3Mutu Huang  MM, 

2Peiqi Wang  MM,
2Xiao Zhang  MD, 

2Mingjun Ma  MD

1.Graduate School, Guangzhou 
University of Chinese Medicine, 
Guangzhou, 510006, China,
2. Department of Nuclear Medicine, 
General Hospital of Southern Theatre 
Command, Guangzhou, 510010, 
China
3. Department of Pharmacy, General 
Hospital of Southern Theatre 
Command, Guangzhou, 510010, 
China

Keywords: Dendrimers 
- Nanocomposites - Radioisotopes 
- Drug delivery systems 
- Targeted therapy

Corresponding author: 
Jinhe Zhang PhD,
Department of Nuclear Medicine, 
General Hospital of Southern Theatre 
Command, Guangzhou, 510010, 
China
64331671@qq.com 

Received:
       7 January 2023 
 Accepted revised:
    20 July 2023

131Construction of I-RGDyC-PEG-PAMAM-DTX targeted 

drug delivery system and study of its physicochemical 

properties and biological activity

Abstract
Objective: To construct a novel targeted drug delivery nanoprobe: iodine-131-arginine-glycine-asparta-

131te-tyrosine-cysteine peptide-polyethylene glycol-�fth generation polyamide-amine-docetaxel ( I-
RGDyC-PEG-PAMAM-DTX) and to investigate its physicochemical properties and biological activity. Mate-
rials and Methods: Docetaxel was wrapped by solvent volatilization method, and the regression curve of 
DTX was constructed by high-performance liquid chromatography to determine its drug loading. The par-

131ticle size of RGDyC-PEG-PAMAM-DTX was detected by dynamic light scattering. The I labeling was per-
formed by a chloramine-T method and puri�ed by Sephadex-G50 column chromatography, and it is in vit-
ro stability and lipid-water partition coe�cient was investigated. The cytotoxicity of RGDyC-PEG-PAMAM-

131DTX and I-RGDyC-PEG-PAMAM-DTX on A549 cells in vitro was detected by Cell Counting Kit-8 assay. Re-
sults: Arginine-glycine-aspartate-tyrosine-cysteine peptide-PEG-PAMAM-DTX was successfully prepared 
by solvent volatilization with a loading capacity of about 44�g/mg. The average particle size of RGDyC-

131PEG-PAMAM-DTX was 57.8nm; the labeling rate of I-RGDyC-PEG-PAMAM-DTX by the chloramine-T met-
hod was 74.09%-76.09%, and the radiochemical purity was 88.9%-92.6% after puri�cation. The in vitro sta-
bility showed that the radiochemical purity was above 80% after 72h in fetal bovine serum and PBS bu�er 

131(25°C and 37°C). CCK-8 assay showed that RGDyC-PEG-PAMAM-DTX and I-RGDyC-PEG-PAMAM-DTX 
131had more pronounced cytotoxic e�ects than free DTX and I. Conclusions: Iodine-131-RGDyC-PEG-

PAMAM-DTX has good physicochemical properties and apparent cytotoxic e�ectsandis expected to be 
used in treating tumors.
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Introduction

More than 10 million patients will be diagnosed with new cancer cases yearly, and 
approximately 27 million new cancer cases will be recorded by 2030 [1, 2]. Most 
conventional cancer treatments, such as small molecule-based drugs, radionuc-

lide drugs, and combination drug therapies for tumors at di�erent stages of growth, face 
the challenge of distinguishing between cancer and non-cancer cells [3-5]. In addition, the 
traditional combination of radiotherapy and chemotherapy is challenging to achieve the 
desired e�ect, mainly due to the di�culty of di�erent therapeutic agents reaching the tu-
mor locally simultaneously. Developing biocompatible tumor-targeted delivery systems 
for anti-cancer drugs is essential for e�cient cancer treatment. With the rapid develop-
ment of nanotechnology in recent years, nanomaterials play an active therapeutic role in 
tumor treatment with their unique nano dimensions [6-8]. Dendritic macromolecules ha-
ve been widely developed as nanoplatforms for cancer diagnosis and therapy due to their 
easily controlled properties such as structure, size, water solubility, monodispersibility, 
and choice of terminal functional groups [9-12]. With its many available splice sites, it is al-
so an excellent platform for combining magnetic resonance imaging (MRI), single photon 
emission computed tomography (SPECT), positron emission tomography (PET), compu-
ted tomography (CT), and gamma-scintillation imaging capabilities into a single macro-
molecular entity [13-15]. In addition, its multiple branches from the central core allow the 
simultaneous addition of imaging agents and cytotoxic drugs for diagnostic and thera-
peutic purposes and can improve the drug's physicochemical properties, such as solubi-
lity and stability [16-21].

The drug needs to reach a su�cient amount at the tumor site to achieve a therapeutic 
e�ect. Active targeting and passive targeting can achieve drug aggregation at the tumor
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site. Passive targeting takes advantage of the enhanced per-
meability and retention (EPR) e�ect of dendritic macromo-
lecules [15, 22, 23]. Active targeting considers unique bio-
markers on the surface of tumor cells [24]. Arginine-glycine-
aspartic acid (RGD) is a well-known peptide that can be co-
upled to dendrimers, which tend to bind to �v�3 integrin re-
ceptors. Notably, �v�3 integrin receptors are not expressed 
or are lowly expressed in normal tissues and organs as well 
as in mature vascular endothelial cells. It is highly expressed 
in a variety of tumors, including breast, prostate, glioblasto-
ma, and ovarian cancer, and play an essential regulatory role 
in the migration and angiogenesis of tumor cells [19, 25].

Docetaxel (DTX) is one of the most widely used chemo-
therapeutic agents for controlling and treating ovarian, pros-
tate, breast, and lung cancers. It is a highly lipophilic drug, 
and the existing commercially available formulations of do-
cetaxel have disadvantages such as high toxicity, short half-
life, and poor targeting, which seriously reduce its thera-

131peutic index [16]. Radioactive iodine-131 ( I) is the classical 
nuclide for internal radiation therapy with a half-life of 8.04 
days, which limits its use in other tumors as it can only be 
targeted to tissues of thyroid or thyroid origin [17, 18]. The ri-
se of nanomaterials has the potential to solve the shortco-
mings of poor targeting andthe low therapeutic index of tra-
ditional radiotherapy drugs.

Our previous study con�rmed that arginine-glycine-as-
partate-tyrosine-cysteine peptide-polyethylene glycol-�fth 
generation polyamide-amine (RGDyC-PEG-PAMAM) could 
be an excellent carrier for radionuclides. The average 1mol 
of PAMAM nanomolecule is attached to 33.0mol of PEG mo-
lecules and 5.7mol of RGDyC molecules, which makes it ex-
cellent for targeting [26]. In this study, we loaded the anti-
tumor drug DTX in RGDyC-PEG-PAMAM. Subsequently, we 

131labeled it with I to construct a combination therapeutic 
131targeting system I-RGDyC-PEG-PAMAM-DTX to further 

evaluate its potential for tumor treatment.

Materials and Methods

Materials and Cell Line
Fifth generation polyamide-amine-PEG-RGDyC was syn-
thesized according to the group's previous research (Figure 
1) and stored at -20°C in the refrigerator. Docetaxel was pur-
chased from Robin's Chemical Reagent Network. TheA549 
cells were provided by the Medical Laboratory Department 
of the General Hospital of Southern Theater Command. The 
cells were cultured in an incubator at 37°C with 5% CO  ad-2

ded. The medium set was: 90% DMEM culture medium (BIO-
LOGICAL INDUSTRIES, BI) 10% heat-inactivated fetal bovine 
serum New Zealand stock solution (FBS, BI), and 0.1% peni-
cillin-streptomycin solution (BI).

Synthesis of labeled precursor RGDyC-PEG-PAMAM- 
DTX
The DTX was wrapped bythe solvent volatilization method. 
Ten mg of RGDyC-PEG-PAMAM material was weighed and 
dissolved in 10mL of ultrapure water, and another 2mg of 
DTX was weighed and dissolved in 5mL of a mixed solvent of 
methanol and acetone (1:1, v/v). The drug-containing solu-
tion was slowly added dropwise to the material solution un-
der stirring at room temperature, stirred airtight for 24h, and 
then stirred openly until the organic solvent was removed. 
The supernatant was centrifuged in a 15mL tube (4000rpm/ 
min, 15min), and the supernatant was passed through a 0.45 
�m �lter membrane and then freeze-dried to obtain drug-
loaded nanoparticles.

Determination of DTX loading capacity
The drug loading of RGDyC-PEG-PAMAM-DTX was determi-
ned by high-performance liquid chromatography (HPLC) as 
the weight percentage of DTX in the DTX-loaded single frac-
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131Figure 1. Diagram of the formation of I-PAMAM-PEG-RGDyC-DTX



tion micelles. High-performance liquid chromatography es-
tablished a regression curve for the determination of DTX 
content. Chromatographic conditions: column: Shimadzu 
ODS-C18 column (4.6mm×250mm, 5µm); mobile phase: wa-
ter: acetonitrile=1:1 (v/v);�ow rate: 1mL/min; column tempe-
rature: room temperature; detection wavelength: 230nm; in-
jection volume: 20�L.

Basic property testing
The appropriate amount of RGDyC-PEG-PAMAM-DTX was 
weighed and prepared into a 1mg/mL solution with PBS. 
The particle size determination was detected by Dynamic 
light scattering (DLS). The morphological distribution was 
observed by transmission electron microscopy (TEM).

Cytotoxicity assay
3A549 cells were inoculated in 96-well plates (5×10 /well) 

and incubated overnight. Four replicates of each sample we-
re set up. Afterward, the medium was replaced witha fresh 
medium containing RGDyC-PEG-PAMAM-DTX and free 
DTX (DTX mass concentrations of 1.25, 2.50, 5.00, 10.00, 
20.00�g/mL) and incubated for 24h. A control group with-
out drugs and a blank group without cells and drugs were al-
so set up. Ten �L of CCK-8 reagent was added to each well, 
and the optical density value (OD) at a wavelength of 450nm 
was measured by enzyme-linked immunoassay after 4 ho-
urs of incubation. Cell viability was calculated according to 
the formula. 

Calculated cell survival (%) = (experimental group value 
OD-blank group OD value) / (control group OD value -blank 
group OD value) × 100%.

131I-labeled nano-loaders
Iodine-131 labeling was undertaken by the chloramine-T 
method. In the ep tube, 2mg of RGDyC-PEG-PAMAM-DTX 
was weighed precisely, and 150�L of PBS was added to dis-

131solve the sample completely. The I solution was added to 
the EP tube with 2mci of about 0.2mL, and 200�L of chlora-
mine-T (7.5mg/mL) was added immediately. The EP tube was 
shaken for 3min, and 300�L (5mg/L) of metabisul�te solution 
was added to terminate the reaction and complete the labe-
ling. Puri�cation was performed by Sephadex-G50 column 
chromatography with PBS bu�er as eluent, and 20 tubes of 
eluate (0.5mL/tube) were collected. The radioactivity count 

131of each tube was measured, and the �rst peak tube was I-
RGDyC-PEG-PAMAM-DTX peak.

Measurement of labeling rate and radiochemical 
purity
The labeling rate was determined by Thin Layer Chromato-
graphy (TLC). The stationary phase was Xinhua No. 1 chroma-
tography paper, and the spreading agent was methanol. Two 
�L of the reaction solution was spotted onto the chromato-
graphy paper with a capillary glass tube, unfolded upward in 
methanol, and dried in air. After drying, the chromatographic 
paper was cut at 1cm intervals and put into plastic tubes sec-
tion by section. The radioactivity counts were measured by �-
radioimmuno-counter, and the �-radioactivity count curves 
were plotted by GraphPad Prism software to calculate the la-

beling rate.
131The labeling rate = the integral of the I-RGDyC-PEG-

PAMAM-DTX / the integral of the total radioactive peak area.

Stability evaluation
131One hundred �L of the labeled product I-RGDyC-PEG-

PAMAM-DTX was added to 1mL of fetal bovine serum and 
o1mL of PBS, respectively, and placed in a 37 C water bath; 

131another 100�L of the labeled product I-RGDyC-PEG-
PAMAM-DTX was added to 1mL of fetal bovine serum and 
1mL of PBS, respectively, placed at 25°C at room tempera-
ture. The above samples were incubated for 0, 12h, 24 h, and 
72h under di�erent conditions. Several samples were taken 
at di�erent time points to determine the radiochemical pu-
rity by rapid thin-layer chromatography to identify its in vitro 
stability.

Determination of Lipid-water Partition Coe�cient
Add 500�L of octanol and 480�L of PBS simultaneously in a 

131centrifuge tube, and take 20�L of I-RGDyC-PEG-PAMAM-
DTX into the tube, seal it with an adhesive sealing �lm, shake 
it well, and then centrifuge it at high speed for 3min (10000 
r/min) until the two phases of octanol and PBS are balanced. 
Take six plastic tubes,three of which were added with the up-
per liquid layer (n-octanol, 100�L/tube), and the other three 
were taken with the lower liquid layer (PBS, 100�L/tube). The 
radioactivity counts of each tube were measured separately.
 LogP= logP=log(cts n-octanol/ctsPBS).

131Cellular uptake assay of I-RGDyC-PEG-PAMAM-
DTX

4A549 cells were inoculated in four 24-well plates (5×10  
cells/well) separately and cultured overnight. The next day, 
the medium was replaced with 500�L of serum-free medium, 
and the incubation was continued for two hours. Iodine-131- 

131RGDyC-PEG-PAMAM-DTX (10�ci/well/50�L) and free I 
(10�ci/well/50�L) were later added to the 24-well plates, 
with four replicate wells per group and one positive control 
well. After incubation of 4 plates for 2, 4, 6, 8h, the cultures 
were aspirated, and each well was washed three times with 
500�L of cold PBS bu�er (positive control wells were not tre-
ated). Cells were digested with 200�L of 0.25% trypsin, and 
cell suspensions were collected to measure �-counts.

Cell binding rate = (average � count per well/positive con-
trol well count) × 100%.

131Cell retention assay of I-RGDyC-PEG-PAMAM-
DTX

4A549 cells were inoculated in four 24-well plates (5×10  
cells/well) and cultured overnight. The next day, the medium 
was replaced with 500ul of serum-free medium, followed by 

131the addition of I-RGDyC-PEG-PAMAM-DTX (10�ci/well/ 
13150�L) and free I (10�ci/well/50�L) and continued incuba-

tion for four hours. Four replicate wells and one positive con-
trol well were set up for each group of drugs. After four hours, 
the four cell culture plates were removed, the culture medi-
um was discarded, each well was rinsed three times with PBS, 
and 500�L of serum-free culture medium was added. After 
incubation of four plates for 2, 4, 6, 8h, the cultures were aspi-
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rated, and each well was washed three times with 500�L of 
cold PBS bu�er (positive control wells were not treated). Cells 
were digested with 200�L of 0.25% trypsin, and the cell sus-
pension was collected for measuring �-counts.

Cell retention rate = (average � count per well/positive con-
trol well count) × 100%.

Cytotoxicity assay
A549 cells were inoculated in 96-well cell culture plates with 

35×10  cells per well and incubated at 37°C and 5% CO  for 2

24h. Four replicate wells were set up for each sample, and 
131di�erent radioactive concentrations of I-RGDyC-PEG-

131PAMAM-DTX and free I (740, 1850, 3700, 7400, 14800KBq/ 
mL) were added, while a control group (0mci/mL) without 
drug and a blank group with only complete culture medium 
without cells and drug were set up and incubated for 24 ho-
urs. Then 10�L of CCK-8 reagent was added to each sample, 
and incubation was continued for four hours. Cell viability 
was determined by measuring absorbance (OD) at 450nm 
using an enzyme-linked immunoassay. The zeroing group 
was spiked with cell culture solution only. 

Calculate cell viability (%) = (OD of each group - OD of blank 
group)/(OD of control group - OD of blank group) × 100%.

Statistics analysis
Experimental data were plotted using GraphPad Prism 8.0 
(GraphPad Software, San Diego, CA, USA) and analyzed 
using SPSS 26.0 (IBM Corp, Armonk, NY). If normally distri-
buted and chi-squared, data from two independent sam-

ples were tested using a t-test for two independent samples. 
If data were normally distributed with nonhomogeneous 
variances, Welch's corrected unpaired t-test was applied. 
Comparisons between means of three or more groups, if 
normal and homogeneous, were performed using one-way 
ANOVA, followed by Bonferroni's test for multiple compa-
risons. P<0.05 was deemed statistically signi�cant.

Results

Drug Loading and Basic Property Testing
The model diagram of the synthesized drug delivery system 
is shown in Figure 1.

High-performance liquid chromatography measured the 
excellent separation of DTX in the drug-loaded system, and 
the peak appeared at about 15s, as seen in Figure 2. The Reg-

2ression Curve was y=25.721x+9.3271 (R =0.9993), and the 
regression curve was linear in the concentration range of 
2.5.00-200.00�g/mL, which was by the analytical require-
ments. The linear equation measured the loading of RGDyC-
PEG-PAMAM-DTX as 4.4%.

The diameter distribution of RGDyC-PEG-PAMAM-DTX is 
shown in Figure 3, and TEM imageis shown in Figure 4. The 
hydrodynamic particle size of RGDyC-PEG-PAMAM-DTX is 
mostly around 57.8nm. TEM images show the synthesized 
RGDyC-PEG-PAMAM-DTX as spherical nanocomplexes.
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RGDyC-PEG-PAMAM-DTX inhibits cell growth in 
vitro
The cell viability of RGDyC-PEG-PAMAM-DTX and free DTX 
acting on A549 cells in vitro for 24 hours by the CCK-8 met-
hod is shown in Figure 5. After 24 hours of drug incubation, 
the cytotoxic e�ect increased with increasing DTX concen-
tration, and cell viability gradually decreased. Arginine-gly-
cine-aspartate-tyrosine-cysteine peptide-PEG-PAMAM-DTX 
in A549 cells at concentrations of (1.25, 2.5, 5, 10, 20)�g/mL 
resulted in cell survival rates of (58.05±24.52)%, (36.17± 
19.09)%, (32.57±13.22)%, (25.01±8.25)%, (13.81± 4.48)%, and 
the di�erences were statistically signi�cant when compared 
with the 0�g/mL group (P<0.01). The cell survival rate in the 
RGDyC-PEG-PAMAM-DTX group was lower than that in the 
DTX group at the same DTX concentration, and the di�e-
rence was statistically signi�cant (P< 0.05).

131Labeling rate of I-RGDyC-PEG-PAMAM-DTX
After puri�cation by theSephadex-G50 column, the labeling 

rate was determined by rapid thin layer chromatography, as 
131shown in Figure 6. The free I had an Rf of 0.9-1.0, while the 

marker stayed at the origin with an Rf of 0.0-0.1. The radio-
chemical purity is about 88.9%-92.6%, and the radioactive 
concentration is 1.944mCi/mL.

131Stability of I-RGDyC-PEG-PAMAM-DTX
Iodine-131-RGDyC-PEG-PAMAM-DTX in fetal bovine serum 
and PBS bu�er at 25°C for 72 hours showed a puri�cation of 
(81.3±0.493)% and (80.43±1.070)%, respectively, see Figure 
7A. The purity of relaxation in fetal bovine serum and PBS 
bu�er at room temperature (25°C) for 72 hours was (81.03± 
0.289) % and (80.01±0.493)%, respectively, as shown in Figu-

131re 7B. The results showed that I-RGDyC-PEG-PAMAM-DTX 
at 72 hours still had high radiochemical purity regard-less of 
placement in fetal bovine serum and PBS bu�er at room 
temperature (25°C) or 37°C. It provides a reasonable basis for 
further ex vivo biological evaluation of the radioactive 
probe.

Figure 3. Particle size distribution of RGDyC-PEG-PAMAM-DTX.

Figure 4. The morphology of RGDyC-PEG-PAMAM-DTX under transmission electron microscopy.
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Figure 5. Cell survival rates of RGDyC-PEG-PAMAM-DTX and DTX at various concentrations in A549 cells after 24 h. *P<0.05, **P<0.01, ***P<0.001, comparison of RGDyC-
# ## ##PEG-PAMAM-DTX and DTX groups for each subgroup of the same concentration; P< 0.05, P< 0.01, P< 0.001, comparison of each dosing subgroup of the RGDyC-PEG-

PAMAM-DTX group with the 0�g/mL subgroup.

131Figure 6.  Labeling rate of  I-RGDyC-PEG-PAMAM-DTX.

131 131Figure 7. (A) Radiochemical purity changes of I-RGDyC-PEG-PAMAM-DTX incubated at di�erent times in 25°C PBS or FBS. (B) Radiochemical purity changes of I-RGDyC-
PEG-PAMAM-DTX incubated at di�erent times in 37°C PBS or FBS.



Lipid-water partition coe�cient
131The distribution of radioactivity counts of I-RGDyC-PEG-

PAMAM-DTX in the aqueous and lipid phases is shown in 
Table 1. With its lipid-water partition coe�cient log P=-
1.7871±0.14640 (n=3), this radiotherapy-conjugated drug 
delivery system exhibited good hydrophilicity, suggesting 
that the substance was excreted mainly through the urinary 
system. Thus, it improves the distribution and operation of 
the drug in the body and prolongs its circulation time in the 
body so that this probe can act more e�ectively on the target 
and improve the therapeutic e�ect.

131Uptake and retention of I-RGDyC-PEG-PAMAM-
DTX in cells 

131After incubation of I-RGDyC-PEG-PAMAM-DTX and free 
DTX under the same conditions for 2, 4, 6, and 8 h, the bin-

131ding rate of I-RGDyC-PEG-PAMAM-DTX in A549 cells 
showed an increasing trend with increasing incubation time, 

131and the binding rate was higher than that of free I at 4, 6, 
and 8h, as seen in Figure 8A. The di�erences were statistically 

131signi�cant (P<0.01). It indicates that I-RGDyC-PEG-
PAMAM-DTX is more targeted in the process of cell binding.

The cell retention assay is shown in Figure 8B, which shows 
131that I-RGDyC-PEG-PAMAM-DTX was cleared rapidly within 

two hours, and then the retention rate decreased slowly. 
131Compared with I-RGDyC-PEG-PAMAM-DTX, the clearance 
131rate of the free I group was signi�cantly higher, and the 

di�erence was statistically signi�cant (P<0.01). This indicates 
131that I-RGDyC-PEG-PAMAM-DTX can be speci�cally taken 

up by A549 cells and stay in the cells for longer.

131I-RGDyC-PEG-PAMAM-DTX Inhibits Cell Growth 
in Vitro

131 131The cell viability of I-RGDyC-PEG-PAMAM-DTX and I after 
24h incubation in A549 cells by the CCK-8 method is shown 

131in Figure 9. The cytotoxic e�ect of the I-RGDyC-PEG-PA-
MAM-DTX group on A549 cells gradually increased, and the 
cell survival rate gradually decreased as the radioactive con-

centration increased. The cell survival rate of A549 cells at ra-
dioactive concentrations of (740, 1850, 3700, 7400, 
14800)KBq/mL was (75.30±5.23)%, (57.67±7.21)%, (34.60± 
4.44) %, (22.71±2.98) %, (4.47±1.31)%, respectively, compa-
red with the 0KBq/mL group. The di�erences were statisti-
cally signi�cant (P<0.001) compared with the 0KBq/mL gro-

131up. In contrast, the I group had a weaker toxic e�ect on 
131A549 cells, and the cell survival rate was lower in the I-

RGDyC-PEG-PAMAM-DTX group at the same radioactive 
concentration, with a statistically signi�cant di�erence (P< 
0.01).

Discussion

In this study, we designed and prepared RGDyC-PEG-
PAMAM-DTX, a targeted single-molecule micelle with RG-
DyC peptide-functionalized PAMAM as the core drug labe-

131led it with radionuclide I to investigate its potential applica-

131 131 131 131Figure 8. (A) Cellular uptake rates of I-RGDyC-PEG-PAMAM-DTX and I after 24h incubation in A549 cells.(B) Cell retention rate of I-RGDyC-PEG-PAMAM-DTX and I 
131 131after 24h incubation in A549 cells.**P<0.01, ***P<0.001, I-RGDyC-PEG-PAMAM-DTX group and free I group at the same timepoint.

 131Table 1. Lipid-water partition coe�cient of I-RGDyC-PEG-PAMAM- 
DTX.

No.
The organic 
phase-base 

(CPM)

The aqueous 
phase-base 

(CPM)

LogP
(Mean±SD)

1 3308 200175

2 5003 208860
-1.7871

±0.14640

3 2183 207233

Mean 3498 205422.67
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tion in tumor targeting therapy. Docetaxelin hibits the divi-
sion and proliferation of tumor cells byacting on microtu-
bule dimers and blocking cells in the G2/M phase. It has vi-
gorous antitumor activity and a broad antitumor spectrum. 
However, low water solubility and poor targeting properties 
limit the clinical application of DTX [27, 28]. The drug-loaded 
nanoparticles can e�ectively improve the solubility of DTX 
and the targeting of DTX through targeting ligand modi�ca-
tion, thus increasing the antitumor activity of DTX. CCK-8 ex-
periments showed that drug-loaded micelles RGDyC-PEG-
PAMAM-DTX signi�cantly increased the cytotoxicity of DTX 
on A549 cells compared with free DTX and increased the in 
vitro antitumor activity.

131The standard methods of radioactive I labeling are the 
chloramine T direct labeling method, lactoperoxidase met-
hod (Lodogen) iodination method, and acylation reagent-

131method [29]. The I-RGDyC-PEG-PAMAM-DTX successfully 
prepared in this experiment was a colorless, transparent, 
and clari�ed solution with good radiochemical stability. We 

 131prepared I-RGDyC-PEG-PAMAM-DTX nanoaggregates 
and evaluated their inhibitory e�ect on the proliferation of 
A549 cells. Cellular uptake and retention assays con�rmed 

131that I-labeled nanoaggregates have signi�cant targeting 
131properties. At the same time, free I did not show promi-

nent uptake and retention, mainly due to the lack of sodium-
iodine transporters in A549 cells, while the functionalized 

131modi�cation of RGDyC allowed the I-labeled nanoaggre-
gates to enter the tumor cells speci�cally. Our results show 

131that DTX-loaded nanoaggregates and I-RGDyC-PEG-PA-
MAM-DTX have more signi�cant cytotoxic e�ects on A549 

131 131cells than free DTX and I. In summary, DTX and I co-lo-

aded nano-PAMAM polymers would be promising appro-
ach for tumor treatment.
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