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A B S T R A C T

Nanoparticles decorated with hydrophilic PEG chains had been emerged as effective drug delivery system due to
their biocompatibility and biodegradability, while, the influence of their architecture on antitumor efficacy
remained challenging. In this study, the linear poly(ethylene glycol) (PEG45), brush oligo(triethylene glycol)
(TEG10), and oligo(ethylene glycol) dendron (G2), which showed the similar molar mass but different archi-
tecture, were utilized as nanocarriers to prepare 10-hydroxycamptothecin (HCPT) nanoparticles. It was found
that all of three HCPT NPs (PEG45 NPs, TEG10 NPs, and G2 NPs) presented similar DLCs (∼60%), zeta potentials
(−13 to −16mv), and stabilities, meanwhile, the particle sizes, morphologies, release profiles, and anticancer
efficacies were affected by the architecture of nanocarriers. Changing the architecture from linear, brush to
dendron, the mean particles diameter was decreased from 240 to 170 nm, the sustained releases were elongated
from 5 to 9 days. More importantly, the cytotoxicity of G2 NPs based on OEG dendron was enhanced significant
comparing with linear PEG45 NPs, the IC50 was decreased almost 10.1-fold (p < 0.01). Besides, the tumor
inhibition rate of G2 NPs was 1.7-fold higher than PEG45 NPs, showing significantly optimized antitumor effi-
cacy in vivo. These results suggested the architecture of nanocarriers could affect the antitumor activity, due to
the steric hindrance of nanocarriers influence the morphologies of HCPT-loaded nanoparticles.

1. Introduction

Nanoscale drug delivery system (NDDS) has emerged as a promising
strategy to enhance the antitumor efficacy of hydrophobic drugs by
improving the solubility and passive targeting effects [1–6]. None-
theless, the clinical applications of NDDS is still limited due to the
unsatisfied antitumor efficacy, severe side effects [7,8]. To overcome
these defects, various biomaterials have been optimized and utilized as
the nanocarriers [9], poly(ethylene glycol) (PEG) as the safe and bio-
compatible material are studied broadly and have been approved by
FDA [10–12], several nanodrugs based on PEG have been utilized in
clinic [13].

Based on the influence of nanocarriers’ architecture on the cellular
uptake and antitumor activity, branched polymers have been explored
as the nanocarriers for drug delivery owing to their unique structure
[14–18]. Those NDDSs applying branched polymers as nanocarriers
showed optimized performance in drug-loading content, stability in
vitro, releasing, and cellular uptake efficacy than relative linear

structures [19–21]. Dendrimers [22–25], Janus dendrimers [26,27],
star-shape polymers [28,29], hybrid linear-dendritic copolymers
[30,31], and hyperbranched polymers [32,33], have been developed as
the nanocarriers to encapsulate anticancer drugs, and these branched
systems emerge the good antitumor activity due to their narrow dis-
perse nature and large number of peripheral functional groups [34].
The delivery efficacy of branched polymers, including poly-lysine,
polyethyleneimine, poly(β-amino esters) (HPAE)-containing polymers
and so on, are found better than their linear counterparts [35,36].

Combining the advantages of branched structure and PEG chains,
several polymers containing linear/branched PEG chains are researched
as nanocarriers to encapsulate DOX, HCPT, PTX, all these NDDSs exist
good drug-loading capacity, controlling release manners, and longer
blood circulation [37–39]. While, these related studies mainly focus on
applying linear/branched PEGylated nanocarriers to promote the an-
titumor efficacy, it is difficult to conclude how the architecture of na-
nocarriers affect the antitumor efficacy due to these nanocarriers pre-
sented different structure. Furthermore, few of research study the
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effects of linear/branched PEG chains in these nanocarriers on anti-
tumor efficacy, because it is difficult to prepare drug-loaded nano-
particles only utilizing PEG chains. Therefore, it is impossible to obtain
the information how the architecture of PEG affect the antitumor effi-
cacy based on these previous research.

To explore and exploit the desired architecture of nanocarriers in
the presence of antitumor efficacy, in this study, the effect of archi-
tecture of PEG are studied based on these nanocarriers presenting the
similar molar mass but different architecture. Therefore, linear poly
(ethylene glycol) (PEG45), brush poly(triethylene glycol) (TEG10), and
oligo(ethylene glycol) dendron (G2) were utilized as nanocarriers to
prepare 10-hydroxycamptothecin (HCPT)-loaded nanoparticles by sol-
vent exchange method. The particle sizes, morphologies, stabilities, and
release profiles were studied. The antitumor activities, biodistributions,
and systemic toxicities were estimated at the same time.

2. Materials and methods

2.1. Materials

Hydroxycamptothecin (HCPT) was purchased from Melone
Pharmaceutical Co., Ltd. (Dalian, China). HCPT injection was brought
from Shenzhen Main Luck Pharmaceuticals Inc. (Shenzhen, China).
Acetonitrile were received from Fisher Scientific (USA) for HPLC ana-
lysis. Dimethyl formamide (DMF), Dimethyl sulfoxide (DMSO), and
normal saline were obtained from Merck. Dialysis bag with MWCO
14000 Da was purchased from Spectrapor (USA). Other reagents and
solvents were of analytical grade and used without further purification.

2.2. Animals and cell line

The 4T1 cell line (murine breast cancer) derived from National
Infrastructure of Cell Line Resource (Beijing, China) and cultured in
RPMI-1640 medium supplemented with 10% fetal bovine serum and
100 units mL−1 penicillin G and streptomycin in a humidified 5% CO2

atmosphere at 37 °C.
BALB/c mice (20 ± 2 g) and rats (200 ± 20 g) were purchased

from Vital River Laboratory Animal Technology Co., Ltd (Beijing,
China). All the animals were left on SPF conditions, standard diet of
food and water ad libitum for 1 week. All experimental procedures were
performed in line with the Guidelines and Policies for Ethical and
Regulatory for Animal Experiments and approved by the Animal Ethics
Committee of Peking Union Medical College (Beijing, China).

2.3. Encapsulation of HCPT by nanocarriers

Ultrasonication-dialysis strategy was applied to prepare HCPT-
loaded nanoparticles (HCPT NPs). 8 mg HCPT and 4mg nanocarriers
(PEG45, TEG10, and G2) were dissolved in 1mL DMF to form organic
solution, subsequently injected into MiliQ water (5 mL) under ultra-
sonication for 10min. After dialyzed (MWCO 14000) against MiliQ
water (4×1 L), the drug-loaded nanoparticles were obtained, and then
the concentration of HCPT was evaluated via UV-HPLC (UltiMate3000,
DIONEX) at 384 nm on a Thermo (4.60 mm×250mm, 5 µm) with
acetonitrile:water containing 0.1% acetic acid (25:75, v/v). The cali-
bration curve (y= 1.7874x+ 0.1561, R2=0.9999) was generated on
C18 column, 1.0mLmin−1 of flow rate, and 20 µL of the sample injec-
tion volume. The drug-loading content (DLC) was calculated as follow.

= −

×

DLC (weight of loaded drug/weight of drug loaded NPs)

100%

2.4. Particle size and morphology experiments

The HCPT NPs was detected by DLS and SEM. The particle size, size

distribution, and zeta potential were characterized by Zetasizer Nano-
ZS analyzer (Malvern Instruments, UK). Experiments were performed in
triplicates. The diluted sample (0.1 mgmL−1) were placed on carbon-
matrix, sputter-coated with a conductive layer of gold-palladium (Au/
Pd) for 1min, and then the SEM samples were obtained.

2.5. Stability study

HCPT NPs were storage at 4 and 25 °C for 14 days, the particles sizes
were measured at the 0, 2, 7, and 14 days by dynamic light scattering.
Besides, HCPT NPs were incubated with 5% glucose solution and
plasma at 37 °C, the particle sizes were measured at the 0, 2, 12, and
24 h by dynamic light scattering.

2.6. Release profiles

The HCPT accumulative release measurements were conducted by
the dialysis method at 37 °C. In typical experiment, HCPT injection,
2 mL of HCPT NPs solution were added into a dialysis membrane
(MWCO 14000 Da), then immersed in 50mL of PBS solution containing
0.5% SDS at pH 7.4 with continuous magnetic stirring at 100 rpm. At
different time intervals, 5 mL external solution was taken out and an
equal volume of fresh PBS solution was added, the external solution was
analyzed by UV-HPLC at 384 nm.

2.7. Cytotoxicity of HCPT NPs

The HCPT NRs were incubated with the 2% (w/v) RBC suspension
at 37 °C for 5 h with different concentrations. Then the RBCs were re-
moved by centrifugation, 150 μL of the supernatant was measured at
540 nm using a microplate reader (Versamax Tunable Microplate
Reader). The results were expressed with the assumption that deionized
water causes 100% hemolysis and 5% glucose solution 0% hemolysis.
The experiments were conducted in triplicate, and the data were shown
as the mean values plus standard deviation (± SD).

Murine breast cancer cell line was chosen for MTT assay. 4T1 cells
were cultured with RPMI-1640 medium containing with 10% fetal calf
serum, 100 units mL−1 penicillin G, and streptomycin at 37 °C with 5%
CO2, all cells (1× 104 cells per well) were seeded in 96-well plates.
Before treated with HCPT samples, the cells were incubated for 48 h,
then the cultural medium was changed to fresh RPMI-1640. After
treated with various formulations and cultured for further 48 h, 20 μL
MTT solution (5mgmL−1 in PBS) were added to each well and in-
cubated for 4 h. Subsequently, the medium was removed and 200 μL
DMSO was added into each well to dissolve the blue formazan crystals,
and the absorbance was measured at 570 nm. The cell inhibition rate
was calculated as follows. Cell inhibition= (1−ODtreated/
ODcontrol)× 100%, where ODtreated was the value treated by the nano-
particles, ODcontrol was the value treated by the culture medium.

2.8. In vivo anticancer studies

The 5–6week BALB/c mice (18–22 g) were injected with 5× 106

4T1 murine breast cancer cells into the same region of each mouse.
After reaching a tumor volume of about 100mm3, mice were randomly
divided into 5 groups (n= 10), and treated separately with 0.2mL of
normal saline (as control), HCPT injection (positive group), HCPT NPs
(test groups) via intravenous (i.v.) administration every 2 days for 6
times, which the injected concentrations were equivalent to 3mg Kg−1

HCPT. All the mice were injected every 2 days for 6 times, tumor vo-
lume was measured daily with a caliper and calculated as: tumor vo-
lume (mm3)=0.5× length (mm)×width (mm)2. After sacrificed,
tumors and main organs were excised and weighed. The inhibition rate
(IR) of the tumor was calculated as follows.
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= −

×

IR (1 mean tumor weight of treatment group

/ mean tumor weight of control group) 100%.

2.9. Biodistribution evaluation

The tissues and main organs were collected, washed, accurately
weighed, and homogenized with normal saline solution (0.9% NaCl).
HPLC with fluorescence detector (excitation/emission wavelengths
375/435 nm) was utilized to detect the actual HCPT concentration,
which was performed on a Thermo C18 column with acetonitrile/water
containing 0.1% acetic acid (30/70, v/v) as eluent. The calibration
curves were generated with a flow rate of 1.0 mLmin−1 and the sample
injection volume of 20 µL.

2.10. Statistical analysis

All experiments were conducted at least in triplicate (> 3 in-
dependent experiment). Data were presented as the mean values ± SD.
Comparison between groups was estimated by one-way analysis of
variance (ANOVA) (SPSS 19.0, USA), P < 0.05 indicated statistical
significance.

3. Results and discussion

3.1. HCPT-loaded nanoparticles

As the analogue of PEG, linear poly(ethylene glycol) (PEG45,
Mw=2000), brush poly(triethylene glycol) (TEG10, Mw=2460) [40],
and oligo(ethylene glycol) dendron (G2, Mw=2436) [41], were ap-
plied as the nanocarriers with similar molar mass but different archi-
tecture, hydroxycamptothecin (HCPT)-loaded nanoparticles (HCPT
NPs) were prepared according to our previous papers (Fig. 1) [42].
HCPT (8mg) and nanocarriers (4 mg) were added into DMF to form the
organic solutions, subsequently was injected into the MiliQ water under
ultrasonication, the PEG45 NPs, TEG10 NPs, and G2 NPs were obtained
after dialysis against distilled water. All of these HCPT NPs presented
similar DLCs (∼60%), particle size distributions (∼0.10, Fig. 2a), and
zeta potentials (−13 to−16mV) (Table 1).

However, these three HCPT NPs existed different particle size and
morphology. The hydrodynamic diameter was 240.1, 194.4, and
173.6 nm for PEG45 NPs, TEG10 NPs, and G2 NPs separately. Besides,
morphologies of the HCPT NPs were investigated by SEM, nanorods and
nanospheres were shown for PEG45 NPs (Fig. 2b) and TEG10 NPs
(Fig. 2c), and linear PEG45 triggered more nanospheres than brush
TEG10, meanwhile, for G2 NPs, only nanorods were presented (Fig. 2d).
It seemed that the architecture of nanocarriers could affect the hydro-
dynamic diameter and the shape of drug-loaded nanoparticles, the ratio
of nanorods was enhanced with increasing the branched degree of na-
nocarriers. The similar phenomenon was reported in our previous pa-
pers, and could be attributed to the steric hindrance of nanocarriers
inducing to form non-spherical nanocrystals [43].

3.2. Measurement of stability

HCPT NPs existed good storage stability at 4 and 25 °C (Fig. 3a and
b), the particle sizes were maintained after 14 days. The stabilities of
HCPT NPs in different medium were evaluated by DLS, and the hy-
drodynamic diameter was recorded at different time. After incubated
24 h, the mean diameter of all HCPT NPs were maintained in 5% glu-
cose solution (Fig. 3c) and plasma (Fig. 3d), showing no significant
difference (p > 0.05) when compared with their original values. These
results suggested that these HCPT-loaded nanoparticles possessed good
stabilities and met the requirements of animal experiments in vivo, on
account of the peripheral hydrophilic shells hindered the aggregation of
particles.

3.3. Cumulative release study

To evaluate the release profiles of HCPT NPs, HCPT injection was
utilized as the control under the similar conditions (Fig. 4). For free
HCPT, complete diffusion was found to occur within 4 h due to the
carboxylate HCPT in injection was water soluble. Meanwhile, all of
these HCPT NPs showed the sustained release behaviors for several
days. The significant different release properties could be explained by
the structure of HCPT nanoparticles, the hydrophilic shell of drug-
loaded nanoparticles might slow the diffusion of HCPT from inside of
nanoparticles to outside medium. Although all the nanoparticles

Fig. 1. The structure of three nanocarriers and the HCPT nanoparticles preparing procedure.
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showed similar sustained release, the specific process is different.
Briefly, the sustained release for 5, 7, and 9 days was measured for
PEG45 NPs, TEG10 NPs, and G2 NPs correspondingly, G2 NPs presented
slowest release kinetics. This phenomenon could be explained by the
influence of architecture, which increased the rigidity of the hydro-
philic shell and extended the release of HCPT due to the steric hin-
drance.

Fig. 2. Particle size distribution curves of HCPT NPs (a), SEM images of PEG45 NPs (b), TEG10 NPs (c), and G2 NPs (d). Scale bar: 1 μm.

Table 1
Results of different HCPT nanoparticles.

Sample DLCa Dh (nm)b PDI ζ (mv)c

PEG45 NPs 61.1 ± 5.4 240.1 ± 7.1 0.09 ± 0.01 −16.1 ± 0. 2
TEG10 NPs 63.2 ± 4.8 194.4 ± 1.0 0.12 ± 0.02 −13.9 ± 0.4
G2 NPs 61.2 ± 3.8 173.6 ± 4.3 0.11 ± 0.04 −15.5 ± 0.5

a Detected by UV-HPLC.
b Hydrodynamic diameter.
c Zeta potential.

Fig. 3. Particle sizes of the HCPT NPs in aqueous solution at 4 °C (a) and 25 °C (b), in 5% glucose solution (c) and plasma (d) at 37 °C.
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3.4. In vitro cytotoxicity

The hemocompatibility of the three HCPT nanoparticles were esti-
mated to study their toxicity to red blood cells. After incubation with
RBC suspension for 5 h, the hemolysis rates were below 3% even if the
concentration of HCPT was 10mgmL−1. Based on these results, it
seemed that all of these HCPT NPs didn’t exist RBC membrane related
toxicity and could be suitable for vein administration.

4T1 breast cancer cell line was selected as the model to estimate the
antitumor efficacy of HCPT NPs in vitro (Fig. 5). Nanocarriers didn’t
exhibit cytotoxicity, the cell inhibition rates were below 10% even at
the concentration of 100 μgmL−1. However, drug-loaded nanoparticles
showed the significantly promoted cytotoxicity, and the inhibition rate
existed time-dependent and dose-dependent manners. After incubating
for 24 h, all these HCPT NPs showed the cytotoxicity and the IC50 was
17.6, 10.5, 8.3, and 3.8 μgmL−1 (HCPT equivalent concentration) for
HCPT injection, PEG45 NPs, TEG10 NPs, and G2 NPs respectively
(Fig. 5). Prolonging the incubation time from 24 to 48 h, the IC50 value
for free HCPT, PEG45 NPs, TEG10 NPs, and G2 NPs was 9.05, 5.41, 3.45,
and 0.53 μgmL−1 respectively. All of nanoparticles existed a higher
cytotoxicity effect comparing with injection (p < 0.05). These results
indicated more HCPT nanoparticles was uptake by 4T1 cells via the
facilitated endocytosis transport, while, passive diffusion was the main
route of free HCPT to cross the cell membrane. Besides, three HCPT NPs
exerted different cytotoxicity, from PEG45 to G2, the cytotoxicity was
enhanced significantly, after incubation for 48 h, the IC50 value of G2
NPs was decreased approximately 10.1-fold than PEG45 NPs (p < 0.01)
and 6.5-fold than TEG10 NPs (p < 0.01). It was reported that the cy-
totoxicity of HCPT NPs was related with the shape of HCPT NPs, na-
noparticles with rod-like shape showed the better antitumor efficacy

than nanospheres due to the different cellular uptake mechanism [44].
Based on different nanocarriers, three HCPT NPs presented different
morphologies, from linear PEG to branched G2, the ratio of nanorods
was enhanced with increasing the branched degree of nanocarriers, and
therefore, G2 NPs exhibited the best antitumor activity against 4T1
cells.

3.5. In vivo antitumor efficacy

To estimate antitumor efficacy of HCPT NPs, these samples were
administrated into BALB/c mice bearing 4T1 tumors with the con-
centrations were equivalent to 3mg kg−1 HCPT. Mice were randomly
divided into 5 groups and administrated with formulations every 2 days
for 6 times, tumor volume were measured at the same time (Fig. 6). All
tumor volume showed time-relative increasing, the tumor sizes were
enlarged by 21.8-fold, 12.6-fold, 10.2-fold, 7.4-fold, and 3.1-fold for
blank, positive, PEG45 NPs, TEG10 NPs, and G2 NPs groups corre-
spondingly (Fig. 6a). Comparing with saline control group, injection
group possessed moderate antitumor efficacy, meanwhile, HCPT NPs
produced higher antitumor activity than HCPT injection group
(p < 0.05 for PEG45 NPs, p < 0.01 for TEG10 NPs and G2 NPs). Fur-
thermore, it was found that antitumor activity of these HCPT NPs was
influenced by the branched degree of nanocarriers, G2 NPs emerged the
best antitumor activity (p < 0.01, vs. PEG45 NPs).

Based on the average weights of the tumors, the inhibition rates
were calculated which further indicated the superior tumor inhibition
activity of nanoparticles (Fig. 6b). The average weight of the tumor was
0.91, 0.66, 0.58, 0.40, and 0.21 g for blank, positive, PEG45 NPs, TEG10

NPs, and G2 NPs groups, the relative tumor inhibition rate was 37.6%,
45.6%, 55.6%, and 77.1% for positive, PEG45 NPs, TEG10 NPs, and G2
NPs groups, respectively. The promoted tumor inhibition rate of HCPT
nanoparticles was attributed to longer blood circulation [45,46], higher
accumulation in tumor tissue via EPR effect [47,48], and higher cell
endocytosis efficacy [49]. It was confirmed that the architecture of
nanocarriers could affect the antitumor activity, due to the self-as-
sembly behavior was affected by the branched structure of nano-
carriers.

3.6. Biodistribution measurement

The concentrations of HCPT in tumor and major organs were eval-
uated after sacrificed (Fig. 7). Comparing with HCPT injection, all na-
noparticles existed better tumor accumulation, the biodistribution were
enhanced significantly, on account of the nanoparticles could be passive
targeted to tumor tissue via EPR effects. Moreover, G2 NPs showed the
best tumor accumulation than other HCPT NPs, due to the cellular
uptake was affected by the morphology of nanoparticle. Beside tumor
tissue, HCPT nanoparticles were also mainly distributed in liver and
kidney that was the common phenomenon, due to the phagocytosis

Fig. 4. HCPT cumulative release curves in PBS solution containing 0.5% SDS
(pH 7.4) at 37 °C within 9 day (n= 3).

Fig. 5. Cytotoxicity of HCPT NPs in vitro. Breast tumor cell 4T1 incubated with HCPT injection and nanoparticles for 24 h (a) and 48 h (b) (n=5).
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effect of reticuloendothelial system (RES) [50].

3.7. Toxicity evaluation

The body weight of each mouse was monitored every two days to
evaluate the systemic toxicity of these nanoparticles. During the whole
experimental procedure, no mice dead and all mice presented normal
status, meanwhile, the body weight was increased. As shown in Fig. 8,
the mice treated with all HCPT NPs grew at approximately 5–10% of

their initial weight, and no significant difference was shown between
nanoparticles groups and normal saline group (p > 0.05), besides,
HCPT NPs groups existed a higher weight increase than that of HCPT
injection group. Based on these results, it seemed that HCPT NPs pre-
sented a negligible systemic toxicity.

Due to the high accumulation in RES system, such as liver and
kidney, it was necessary to research in vivo toxicity of HCPT NPs [51].
Therefore, the hepatic/renal function markers were measured, in-
cluding alanine amino transferanse (ALT), aspartate amino transferase
(AST), blood urea nitrogen (BUN), and creatinine (CRE). HCPT NPs
showed no significant difference comparing with the other two groups
(p > 0.05) (Table 2), including saline group and injection group. These
results indicated that HCPT NPs presented no obvious hepatic or renal
toxicity, although showing high accumulation in liver and kidney.

4. Conclusions

To evaluate the architecture effects of nanocarriers on antitumor
efficacy, in this study, linear PEG (PEG45), brush poly(triethylene
glycol) (TEG10), and oligo(ethylene glycol) dendron (G2) were utilized
as nanocarriers to prepare 10-hydroxycamptothecin (HCPT) nano-
particles. All of these HCPT NPs showed the similar drug-loading con-
tent of approximately 60%, zeta potential of approximately
−13 to−16mV, and good stability in 5% glucose solution and plasma.
However, it was found that the particle sizes, release profiles, and an-
titumor efficacies of HCPT NPs were related with the architecture of
ethylene glycols. The particle size was 240, 191, and 173 nm for PEG45

NPs, TEG10 NPs, and G2 NPs respectively, and the sustained release was
elongated from 5 to 9 days. The in vitro and in vivo antitumor efficacies
of HCPT NPs were dependent with the branched degree of nanocarriers,
G2 NPs existed the best antitumor efficacy, in vitro cytotoxicity was
enhanced10.1-fold and 6.5-fold than PEG45 NPs and TEG10 NPs, the
tumor inhibition rate in vivo was promoted 1.7-fold and 1.4-fold than
PEG45 NPs and TEG10 NPs, due to the high biodistribution of G2 NPs in
tumor tissue. In summary, this study demonstrated the insights that the
architecture of nanocarriers could influence the antitumor activity, and
these insights formulate rules for engineering NPs for cancer therapy.

Fig. 6. In vivo tumor growth inhibition of HCPT nanoparticles. Tumor volume change curves (a) and tumor inhibition rate (b) (n=10). Six consecutive doses were
given (marked by arrows). *p < 0.05, **p < 0.01, vs. HCPT injection; ##p < 0.01, G2 NPs vs. HCPT/PEG45 NPs; $p < 0.05, G2 NPs vs. HCPT/TEG10 NPs.

Fig. 7. HCPT biodistribution in BALB/c mice bearing tumors (n=10) de-
termined by HPLC. **p < 0.01 vs. HCPT injection; ##p < 0.01 vs. HCPT/
PEG45 NPs; $$p < 0.01, vs. HCPT/TEG10 NPs.

Fig. 8. The body weight change curves. For each animal, six consecutive doses
were given (marked by arrows). Data represent mean ± SD (n=10).

Table 2
Plasma biochemical levels of 4T1 bearing BALB/c mice.

Sample ALT (IU L-1) AST (IU L-1) CRE (μmol L-1) BUN (mmol L-1)

Saline 11.22 9.45 17.39 4.12
Injection 10.49 11.03 12.29 3.97
PEG45 NPs 12.46 20.09 1.06 3.8
TEG10 NPs 10.25 29.16 41.91 4.91
G2 NPs 7.66 16.82 15.73 3.99
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