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Design, synthesis, in vivo evaluations of benzyl Nω-nitro-Nα-(9H-

pyrido[3,4-b]indole-3-carbonyl)-L-argininate as apoptosis inducer 

capable of decreasing serum concentration of P-selectin†††† 
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 A series of findings suggest that the discovery of in vivo apoptosis inducers for chemotherapyis of clinical importance. 

Based on the analyses of the pharmacophores of in vitro apoptosis inducers, the correlation of P-selectin and apoptosis 

and the docking investigation benzyl Nω-nitro-Nα-(9H-pyrido[3,4-b]indole-3-carbonyl)-L-argininate (NRCB) was designed as 

a novel nano-scale apoptosis inducer capable of decreasing serum concentration of P-selectin in vivo. The rationality of the 

design was confirmed by NRCB effectively promoting the apoptosis of K562 cells in vitro, dose-dependently decreasing the 

concentration of P-selectin in the serum S180 mice, and concentration dependently forming nanoparticles. FT-MS and 

NOESY 2D NMR spectra defined NRCB forming hexamer of triangle like conformation. At 0.01, 0.1 and 1 μmol/kg of doses 

NRCB effectively decreased tumor weights and sizes of S180 mice in a dose-dependent manner, and the minimal effective 

dose was 0.01 μmol/kg. At 1 μmol/kg of dose NRCB also effectively inhibited xylene induced ear edema and decreased 

the serum TNF-α and IL-2 of the treated mice. The correlations between apoptosis with P-selectin, TNF-α and IL-2 were 

discussed in particular. In conclusion, NRCB is a novel nano-scale apoptosis inducer capable of decreasing serum 

concentration of P-selectin in vivo, and could be a promising lead compound of apoptosis inducers for chemotherapy. 

Introduction 

Cell death plays crucial role in cancer and myocardial infarction, 

occurs through distinct pathways, including apoptosis, necrosis and 

autophagy.1 Apoptosis is initially introduced to describe cell death 

modality consisted of the cell shrinkage, chromatin granule 

condensation, loss of nuclear membrane integrity, semi-permeable 

membrane blebbing and eventually apoptotic body formation.2 

Accumulating evidence suggests that there is relationship between 

apoptosis, necrosis and autophagy.3 In normal cell homeostasis and 

in the development of a variety of human diseases apoptosis plays 

critical role.4 Inadequate apoptosis could over raise the proliferation 

of cancer cells.5 A series of clinical drugs exhibit chemotherapeutic 

potencies at least partially through inducing apoptosis.6-8 The 

discovery of apoptosis inducers to develop new chemotherapeutic 

agents has been one of the interests of the researches.9-13Apoptosis 

inducers of diverse structures, such as pyrazoline derivatives bearing 

phenyl pyridazine core,14 dehydroabietic acidthiourea derivatives 

containing bisphosphonate moiety,15 betulin acid ester derivatives,16 

and zinc (II) complex of 5-bromo-8-hydroxyquinoline,17 are known. 

β-Carbolines, indole-2-carboxylic acid benzylidenehydrazides and 

Cl-amidine are another classes of interesting apoptosis inducers.18-22 

These apoptosis inducers were evaluated in vitro only, and in vivo 

active apoptosis inducer remains unknown. On the other hand, the 

side effects of some first line antitumor drugs including cisplatin and 

doxorubicin are resulted from the induced apoptosis of them.23-26 

Tumor growth can be significantly slowed in the absence of P-

selectin, and recently high tumor cell apoptosis were observed in 

tumors growing in P-selectin-/- mice.27 

In the context, by using the pharmacophores of the β-carbolines, 

indole-2-carboxylic acid benzylidenehydrazides and Cl-amidine as 

the building blocks, and by using the correlation between apoptosis 

and P-selectin as molecular mechanism linker, benzyl Nω-nitro-Nα-

(9H-pyrido[3,4-b]indole-3-carbonyl)-L-argininate (NRCB), a novel 

apoptosis inducer capable of down-regulating P-selectin, was 

designed. Fig. 1 indicates that the interactions between NRCB and 

the amino acid residues of the active pocket of P-selectin are eight 

hydrogen bonds including two hydrogen bonds formed by the 

oxygen of NH=C-NH-NO2 of NRCB and the H of the NH2 of the 

side chain of Lys84 of the active pocket, two hydrogen bonds 

formed by the H of NH=C-NH-NO2 of NRCB and the two oxygen of 
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carbonyl of Glu88 of the active pocket, a hydrogen bond formed by 

the H of NH=C-NH-NO2 of NRCB and the oxygen of carbonyl of 

Glu88 of the active pocket, a hydrogen bond formed by the H of 3-

carbonyl-NH of NRCB and the oxygen of carbonyl of Glu107 of the 

active pocket, a hydrogen bond formed by the H of the side chain 

OH of Try94 of the active pocket and the 2-N of NRCB, as well as a 

hydrogen bond formed by the H of the side chain OH of Ser47 of the 

active pocket and the pyrrole-N of NRCB. The binding free energy 

of hydrogen bond interactions is -8.43 kcal/mol. The docking 

analyses indicate that these amino acid residues are in the regions of 

the two average structures of P-selectin,28 and therefore NRCB 

would be a potential inhibitor. This encouraged the present paper 

synthesized NRCB, imaged the nano-feature, and evaluated the in 

vitro/in vivo activities. 

 
Fig. 1 The analyses of the pharmacophores of three apoptosis inducers, the rational replacement of NH-N=CH-C6H5 with OCH2C6H5, the conformational optimization and the 

docking towards the active site of P-selectin lead to the design of NRCB as a novel apoptosis inducer. 

Results and discussion 

Synthesis of NRCB 

Based on Scheme 1 NRCB was prepared via five-step reactions. The 

yields of five step reactions were 98%, 43%, 47%, 88% and 27%, 

respectively. The related data are provided in the ESI.† The 

appropriate conditions and the simple procedure showed that the 

synthetic route was suitable for preparing NRCB. 

 

Scheme 1 Synthetic route of NRCB. i) CH2O, H2O and concentrated sulfuric acid; ii) 

CH3OH and SOCl2; iii) Acetone and KMnO4; iv) Methanol aqueous NaOH (4 M); v) L-

Arg(NO2)-OBzl, N-methylmorpholine, 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide 

(EDC), N-hydroxybenzotriazol (HOBt) and N,N-dimethylformamide (DMF). 

Apoptosis activityof NRCB in vitro 

The rationality of the design of NRCB as apoptosis inducer was 
confirmed by flow cytometry assay, and the suspension K562 cells 
were used for this assay in particular. Fig. 2 indicates that the total 
apoptosis percentages of K562 cells treated with 10 µM of NRCB 
for 12 h and 24 h are 23.5% and 73.1%, respectively, showing a 
time-dependent increase and ensuring NRCB been an apoptosis 
inducer. 
Nano-feature and benefits of NRCB 

The nano-feature of NRCB in aqueous solution, in solid state and in 
rat plasma was visualized with TEM, SEM and AFM images. The 
nano-property of aqueous solution of NRCB was characterized with 
Faraday-Tyndall effect, size and zeta potential. To estimate the 
molecular number in an individual nanoparticle mesoscale 
simulation was performed. 
Fig. 3A - Fig. 3C are the TEM images of 0.1, 1.0 and 10.0 µM of 
NRCB aqueous solutions. Fig. 3A indicates that in 0.1 µM aqueous 
solution NRCB forms nanoparticles of 8.0-72.7 nm in diameter. Fig. 

3B indicates that in 1.0 µM aqueous solution NRCB forms 
nanoparticles of 10.8-116.1 nm in diameter. Fig. 3C indicates that in 
10.0 µM aqueous solution NRCB forms nanoparticles of 43.9-
176.3nm in diameter. Thus the nanoparticle size of NRCB in 
ultrapure water depends on the concentration. 
 

 
Fig. 2 Time-dependent change of Annexin V-FITC and PI intensity ofK562 cells treated with 10 μM of NRCB, Q4 (Annexin V+ and PI-) represents for early apoptotic cells, Q2 

(Annexin V+ and PI+) represents for late apoptotic cells.

Fig. 3D - Fig. 3F are the SEM images of the solids resulted from 

0.1, 1.0 and 10.0 µM aqueous solutions of NRCB. Fig. 3D 

indicates that the form of the solids resulted from 0.1 µM of 

aqueous solution of NRCB is nanoparticles of 28.6 - 88.9 nm in 

diameter. Fig. 3E indicates that the form of the solids resulted from 

1.0 µM of aqueous solution of NRCB is nanoparticles of 33.3-

100.0 nm in diameter. Fig. 3F indicates that the form of the solids 

resulted from 10.0 µM of aqueous solution of NRCB is 

Page 2 of 9MedChemComm

M
ed

C
he

m
C

om
m

A
cc

ep
te

d
M

an
us

cr
ip

t



Journal Name ARTICLE 

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 3 

Please do not adjust margins 

Please do not adjust margins 

nanoparticles of 44.4-111.1 nm in diameter. Thus the nanoparticle 

size of the solids depends on the concentration of the aqueous 

solution of NRCB. 

 

Fig. 3 TEM, SEM and AFM images of NRCB. (A) TEM image of 0.1 μM solution of 

NRCB in ultrapure water; (B) TEM image of 1.0 μM solution of NRCB in ultrapure 

water; (C) TEM image of 10.0 μM solution of NRCB in ultrapure water; (D) SEM 

image of the solids formed by 0.1 μM aqueous solution of NRCB; (E) SEM image of 

the solids formed by 1.0 μM aqueous solution of NRCB;(F) SEM image of the solids 

formed by 10.0 μM aqueous solution of NRCB; (G) AFM image of rat plasma alone; 

(H) AFM image of 0.1 μM solution of NRCB in rat plasma; (I) AFM image of 1.0μM 

solution of NRCB in rat plasma;(J) AFM image of 10.0 μM solution of  NRCB in rat 

plasma. 

Fig. 3G - Fig. 3J are the AFM images of 0.1, 1.0 and 10.0 µM 

solutions of NRCB in rat plasma. Fig. 3H indicates that in rat 

plasma and at 0.1 µM concentration NRCB forms nanoparticles of 

68.6 -78.4 nm in high. Fig. 3I indicates that in rat plasma and at 1.0 

µM concentration  NRCB forms nanoparticles of 78.5 -98.0 nm in 

high. Fig. 3J indicates that in rat plasma and at 10.0 µM 

concentration NRCB forms nanoparticles of 102.4-109.3 nm in 

high. Thus the nanoparticle size of NRCB in rat plasma depends on 

the concentration. In rat plasma NRCB formed nanoparticles of 

>110 nm in high suggests that NRCB’s nanoparticles would not be 

phagocytized by macrophages and can safely deliver in blood 

circulation.29 

The nano-property of NRCB’s aqueous solution is characterized 

with Faraday-Tyndall effect, size and zeta potential. Fig. 4A and 

4B indicate that ultrapure water and the solution of NRCB in 

ultrapure water (1 µM) are clean. Fig. 4C indicates that in the 

irradiation of 650 nm laser beam ultrapure water occurs no 

Faraday-Tyndall effect, while the irradiation of 650 nm laser beam 

induces the solution of NRCB in ultrapure water (1 µM) to occur 

Faraday-Tyndall effect (Fig. 4D). Thus Faraday-Tyndall effect 

evidences 1µM solution of NRCB in ultrapure water having nano-

property. The solution is further explained with mean size (~165 

nm), which ensures the solution having nano-property and the 

particles having stable size. Fig. 4F shows that 1 µM solution of 

NRCB in ultrapure possesses -14.2 mV of zeta potential, and the 

half width of the peak is 5.86 mV. Thus Faraday-Tyndall effect, 

size and zeta potential consistently support that in ultrapure water 

NRCB forms nano-solution. 

 

Fig. 4 Characterizing the nano-property of NRCB’s aqueous solution. (A) Ultrapure 

water without radiation; (B) NRCB in ultrapure water (1 μM) without radiation; (C) 

Ultrapure water with 650 nm laser radiation; (D) NRCB in ultrapure water (1 μM) with 

650 nm laser radiation; (E) Size of NRCB in ultrapure water (1 μM); (F) Zeta potential 

of NRCB in ultrapure water (1 μM). 

Mesoscale simulation was used to predict the molecular number of 

NRCB in a nanoparticle of fixed size. Fig. 5 indicates that three 

“beads” are constructed by atomistic simulations and placed at the 

center-of-mass groups of atoms on the particular parts of the 

molecule of NRCB. The calculation assisted by mesoscale 

simulation software shows that, employing the monomer as a 

building block, 1428 of molecules can form a nanoparticle of 10.4 

nm in diameter. Accordingly, in the  smallest nanoparticles of 8.0 

nm, 10.8 nm and 43.9 nm in diameter of Fig. 3A, Fig. 3B and Fig. 

3C contain 1098, 1483 and 6028 of molecules of NRCB, 

respectively. 

FT-MS and NOESY 2D NMR spectra defined NRCB forming 

hexamers 

The FT-MS spectrum of NRCB in water are shown in Fig. 6A 

which gives a positive ion peak at 1510.58526 of the mass of a 

hexamer plus H, a positive ion peak at 1258.99049 of the mass of a 

pentamer plus H, a positive ion peak at 2013.79361 of the mass of 

a tetramer plus H, a positive ion peak at 1510.58526 of the mass of 

a trimer plus H, a positive ion peak at 1007.39241 of the mass of a 

dimer plus H, and a positive ion peak at 504.19815 of the mass of a 

monomer plus H. The qCID spectra (Fig.S4 in Supporting 

Information) indicate that the pentamer, tetramer, trimer, dimer and 

monomer are the fragmentation products of the hexamer. Therefore 

the hexamer is the sole form of NRCB existed in water.  

 

Fig. 5 Mesoscale simulation software assisted calculation. A nanoparticle of 10.4 nm 

in diameter contains 1428 of  NRCB molecules. 

To show the interaction pattern the molecule in a hexamer the 

NOESY 2D NMR spectrum of NRCB was recorded with the 

standard method. Fig. 6B gives three interesting cross-peaks. 

Cross-peak 1 is resulted from the interaction of CH2-CH2-CH2-NH-

C=NH(NH-NO2) of one molecule with the H of carboline-3-

CONH of another molecule. Cross-peak 2 is resulted from the 

interaction of CH2-CH2-CH2-NH-C=NH(NH-NO2) of one 

molecule with the H on the 2-position of the benzyl of another 

molecule, as well as the interaction of CH2-CH2-CH2-NH-
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C=NH(NH-NO2) of one molecule with the aromatic H at 7-position 

of the carboline residue of another molecule. Cross-peak3 is 

resulted from NH-C=NH(NH-NO2) of one molecule with the 

aromatic H at 7-position of the carboline residue of another 

molecule. These distances between the mentioned hydrogen atoms 

are less than 4 Å, which reflects an approaching manner of six 

molecules with minimal energy conformation. Accordingly, the 

hexamer has triangle like conformation (Fig. 6C). 

Using FT-MS and NOESY 2D NMR spectra to define the hexamer 

of NRCB and to establish the triangle like conformation of the 

hexamer are of interest not only for exploring the intermolecular 

association of small molecule but also for analyzing the chemical 

mechanism of small molecule to form nanoparticle. 

 

Fig. 6 FT-MS spectrum, NOESY 2D NMR spectrum and 3D structure of the hexamer. (A) FT-MS spectrum of NRCB, in which the ion peaks of the hexamer, pentamer, tetramer and 

trimer are amplified; (B) NOESY 2D NMR spectrum of NRCB, in which three interesting cross-peaks are labeled with red rings;(C) Triangle like conformation of the hexamer formed 

by six molecules in the minimal energy conformation, the approaching manner of six molecules been defined by the NOESY 2D NMR spectrum.  

In vitro activities of NRCB 

The in vitro activities of NRCB were evaluated with anti-

proliferation assay and CT-DNA intercalation assay. Anti-

proliferation assay explored the in vitro activities of NRCB 

inhibiting the proliferation of HCT-8, HL60, A549, SH-sy5y, 

HeLa, HT-29 and K562 cells, which are represented with IC50 

values and shown in Fig. 7A. According to the IC50 values of 

NRCB against the proliferation of seven cell lines, K562 cells are 

the most sensitive cells, while HeLa cells are the most insensitive 

cells. Since the IC50 values range from 15.3 µM to 74.1 µM, 

therefore NRCB can moderately inhibit the proliferation of seven 

cell lines in vitro. 

 

Fig. 7 In vitro activities of NRCB. (A) Effects of NRCB on cancer cell proliferation (n=3); 

(B) UV spectrum of 10 μM of NRCB with increased amount of CT DNA; (C) CD spectra 

of 100 μM of CT DNA with increased amount of NRCB; (D) Fluorescence spectra of 10 

μM of NRCB with increased amount of CT DNA. 

Since the apoptosis inducer can intercalate into CT-DNA,30,31 the 

intercalation activity of NRCB against CT DNA is visualized with 

the changes of UV, circular dichroism (CD) and fluorescence 

spectra of NRCB or CT DNA. 

Fig. 7B indicates that with the concentration of CT DNA been from 

0 µM increased to 5 µM the UV absorption intensity of NRCB 

been concentration dependently decreased. Fig. 7C indicates that 

with the concentration of NRCB been from 0 µM increased to 2 

µM the molecular llipticities [θ] of positive and negative bands of 

CT DNA been concentration dependently increased. Fig. 7D shows 

the typical course of the fluorescence quenching, the fluorescence 

intensity of NRCB gradually decreased with the concentration of 

CT DNA been from 0 µM gradually increased to 3.6 µM. When the 

concentration of the CT DNA increased to 3.6 µM, the 

fluorescence intensity of NRCB lowered to its minimum. Over the 

course of the fluorescence quenching 1 nm of bathochromic shift is 

also noticed. This bathochromic shift is considered to be associated 

with a decrease in the energy gap between the highest and lowest 

occupied molecular orbital, and results from intercalation of NRCB 

with CT DNA. 

All the spectra based observations reflect the intercalation of 

NRCB with CT DNA and are characterized by decreasing both the 

base stacking and the right-handedness of CT DNA, therefore 

evidence NRCB is an apoptosis inducer. 

Confocal images of NRCB treated cancer cells 

To understand the in vitro anti-proliferation and intercalation 

activities of NRCB for the cancer cells the confocal images of 40 

µM of NRCB treated HeLa, SH-sy5y and HT-29 cells were 

selected as the representatives to visualize the distribution of 

NRCB inside the cells. Fig. 8A indicates that after 12 h-treatments 

the amounts of NRCB inside the nuclei of HeLa, SH-sy5y and HT-

29 cells are HeLa<SH-sy5y<HT-29. This is in accordance of the 

IC50 values of NRCB against HeLa, SH-sy5y and HT-29 cells are 

HeLa>SH-sy5y>HT-29. Fig. 8A also indicates that after 24 h-

treatments the amount of NRCB inside the nuclei of HeLa, SH-

sy5y and HT-29 cells increases, suggesting the amount of NRCB 

entering the nuclei of the cancer cells depended on the treated time.  
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Fig. 8 Confocal images and fluorescent intensity of 40 μM of NRCB treated cancer cells. (A) Confocal images of HeLa, SH-sy5y and HT-29 cells treated with 40 μM NRCB for 12 and 

24 h; (B) Fluorescence intensities inside the nuclei of HeLa, SH-sy5y and HT-29 treated with 40 μM  NRCB for 12h; (C) Fluorescence intensities inside the nuclei of HeLa, SH-sy5y and 

HT-29 treated with 40 μM NRCB for 24h. 

In vivo activities of NRCB 

The utility of NRCB as a novel apoptosis inducer was finally 

evidenced by it slowing the tumor growth of S180 mice, down-

regulating P-selectin expression, decreasing the serum 

concentration of TNF-α, depressing xylene induced ear edema of 

the mice and reducing the serum concentration of IL-2. 

Fig. 9A shows the tumor weights of S180 mice treated with 

CMCNa, 2 µmol/kg of doxorubicin (Dox) and NRCB at 0.01, 0.1 

and 1 µmol/kg of doses. As seen, the tumor weight of S180 mice 

treated with CMCNa is significantly higher than that of S180 mice 

treated with 0.01 µmol/kg of NRCB, suggesting the minimal 

effective dose of NRCB in slowing tumor growth is 0.01 µmol/kg. 

The tumor weights of S180 mice treated with NRCB decrease 

significantly with the dose been increased from 0.01 µmol/kg to 0.1 

µmol/kg and 1 µmol/kg, suggesting a dose dependent action. The 

tumor weights of S180 mice treated with 2 µmol/kg of Dox equal 

to that of S180 mice treated with 1 µmol/kg of NRCB, suggesting 

the in vivo anti-tumor activity of NRCB been 2 folds higher than 

that of Dox. If the anti-tumor activity is represented with tumor size 

the similar activity relationships are also clear (see Fig. 9B). 

Fig. 9C shows that NRCB dose dependently decreases the serum 

concentration of P-selectin of the treated S180 mice. Due to tumor 

growth can be significantly slowed in the absence of P-selectin and 

high tumor cell apoptosis can be observed in the tumor growing in 

P-selectin -/- mice,27 the serum concentration of P-selectin of S180 

mice been dose dependently decreased by NRCB evidences that 

NRCB is an apoptosis inducer capable of decreasing serum 

concentration of P-selectin. 

Fig. 9D shows that NRCB dose dependently decreases the serum 

concentration of TNF-α of the treated S180 mice. Though relevant 

rise of TNF-α was found in fracture patients in vivo and the 

enhancement of apoptosis was found in TNF-α treated osteoblast 

cells in vitro,32 the finding that NRCB simultaneously slows tumor 

growth and decreases serum concentration of TNF-α of S180 mice 

in a dose dependent manner demonstrates that the causality of 

TNF-α and apoptosis is an inherent correlation. 
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Fig. 9 In vivo anti-tumor P-selectin down-regulation and TNF-α inhibition activities of NRCB. (A) Tumor weights of S180 mice treated with NRCB at three doses, n=10; (B) Tumor 

sizes of S180 mice treated with NRCB at three doses, n=10; (C) Serum P-selectin of S180 mice treated with NRCB at three doses, n=5; (D) Serum TNF-α of S180 mice treated with 

NRCB at three doses, n=5. 

Simultaneously reducing ear edema and the concentration of serum 

TNF-α and IL-2 of xylene treated mice are another profile of in 

vivo activities of NRCB. Fig. 10A indicates that the ear edema of 

the mice treated with 1 µmol/kg of NRCB is significantly lower 

than that of the mice treated with NS and 16.7 µmol/kg of aspirin, 

suggesting 1 µmol/kg of NRCB been able to inhibit xylene induced 

inflammatory response and its potency been 16.7 folds higher than 

that of aspirin. Fig. 10B indicates that the concentrations of serum 

TNF-α and IL-2 of edema mice treated with 1 µmol/kg of NRCB 

are significantly lower than that of the mice treated with NS, 

suggesting 1 µmol/kg of NRCB been able to effectively decrease 

the concentrations of serum TNF-α and IL-2 of inflammatory mice. 

Due to IL-2 is a physiologic inhibitor of apoptosis,33 the decrease 

of serum TNF-α and IL-2 concentrations of inflammatory mice 

could be a result of 1 µmol/kg of NRCB inhibits TNF-α and IL-2 

production, thereby promotes apoptosis. 

 

Fig. 10 Xylene induced ear edema, serum TNF-α and serum IL-2 of the mice treated 

with NRCB. (A) Xylene induced ear edema of the mice treated with 1 μmol/kg of 

NRCB; (B) Serum TNF-α and IL-2 of ear edema mice treated with 1 μmol/kg of NRCB.  

Experimental 

The detailed methodologies and data for all experiments are given 

as ESI,† and simply described in Reference 34 as the notes.  

Sprague Dawley rats and ICR mice were purchased from the 

Animal Center of Peking University. Work performed was based 

on a protocol reviewed and approved by the ethics committee of 

Capital Medical University. The committee assures that the welfare 

of the animals was maintained in accordance with the requirements 

of the Animal Welfare Act. 

Conclusions 

The analysis of three apoptosis inducer as shown in Figure 1, 20-22 

the docking towards the active site of P-selectin and the mesoscale 

simulation can lead to discovering NRCB as a nanoscale apoptosis 

inducer capable of decreasing serum concentrations of P-selectin, 

TNF-α and IL-2 of the mice. In vitro NRCB is able to promote the 

apoptosis of cancer cells, to intercalate into the DNA of the cancer 

cells, to enter the nuclei of the cancer cells, to inhibit the 

proliferation of cancer cells and to form nanoparticles of suitable 

size for delivering in blood circulation. In vivo 0.01, 0.1 and 1 

µmol/kg of NRCB slow tumor growth, decrease serum 

concentrations of P-selectin and TNF-α in a dose-dependent 

manner. At 1 µmol/kg of dose NRCB also effectively inhibits ear 

edema and reduces the serum levels of TNF-α and IL-2 of xylene 
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treated mice. NRCB is a promising lead compound of apoptosis 

inducer for chemotherapy. 
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34 Notes: 1) Flow cytometry assay: to explore the apoptosis 

activity of NRCB, flow cytometry assay was recorded. K562 cells 

(106 cells/mL) were incubated in 1640 Medium at 37°C in a 

humidified atmosphere containing 5% CO2 for 4 h. A solution of 

NRCB (final concentration: 10 µM, in complete 1640 medium as 

above; 2.5 mL/well) was added, and cells were incubated at 37°C 

in a humidified atmosphere (containing 5% CO2) for 12 h and 24 h. 

After removing the medium, the cells were washed by fresh 

medium (1 mL×2) and stained with Annexin V-FITC (KeyGEN 

Biological Technology Co., Ltd., Nanjing, PR China) and 

Propidium Iodide (PI) for 10 minutes. PI and FITC fluorescence for 

cells was analyzed for ~10,000 events (counts) per sample aliquot. 

2) TEM test: Shape and size examinations of the NRCB 

nanospecies were performed with transmission electron microscopy 

(TEM, JSM-6360 LV, JEOL, Tokyo, Japan). An aqueous solution 

of NRCB (pH 7.0) was dripped onto a formvar-coated copper grid, 

and then a drop of anhydrous ethanol was added to promote water 

removal. Then the grid was first allowed to dry thoroughly in air 

and it was then heated at 37°C for 24 h. The samples were viewed 

under TEM. The shape and size distributions of the nanospecies 

were determined by counting >100 species in randomly selected 

regions on the TEM copper grid. All of the determinations were 

carried out on triplicate grids. The TEM was operated at 80 kV (the 

electron beam accelerating voltage). Images were recorded on an 

imaging plate (Gatan Bioscan Camera Model 1792; Gatan, Inc., 

Pleasanton, CA, USA) with 20 eV energy windows at 6,000-

400,000× and they were digitally enlarged. 3) SEM test: the shape 

and size of the nanospecies in lyophilized powders were measured 
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by scanning electron microscopy (SEM, JEM-1230; JEOL) at 50 

kV. The lyophilized powders were attached to a copper plate with 

double-sided tape (Euromedex, Souffelweyersheim, France). The 

specimens were coated with 20 nm gold-palladium using a JEOL 

JFC-1600 Auto Fine Coater. The coater was operated at 15 kV, 30 

mA, and 200 mTorr (argon) for 60 seconds. The shape and size 

distributions of the nanoparticles were measured by examining > 

100 particles in randomly selected regions on the SEM alloy. All 

measurements were performed on triplicate grids. Images were 

recorded on an imaging plate (Gatan Bioscan Camera Model 1792; 

Gatan, Inc.) with 20 eV energy windows at 100–10,000×, and they 

were digitally enlarged. 4) AFM test: Atomic force microscopy 

(AFM) images were obtained using the contact mode on a 

Nanoscope 3D AFM (Veeco Instruments, Inc., Plainview, NY, 

USA) under ambient conditions. Samples of NRCB in rat plasma 

(10-6 M) were used for recording the images. 5) Faraday-Tyndall 

effect of NRCB: 1 µM solution of NRCB inultrapure water was 

irradiated with laser beam of 650 nm. In addition, the zeta potential 

and size were determined on a Malvern’s Zetasizer (Nano-ZS90; 

Malvern Instruments) with the DTS Program. 
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