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a b s t r a c t 

Background: Isocorydine (ICD) has anticancer effects; however, its suboptimal bioactivity has driven the 

production of ICD derivatives, including 8-amino-isocorydine (8-NICD). 

Objective: This study explored the antitumor effects of 8-NICD on a variety of tumor cell lines to detect 

tumors sensitive to 8-NICD and investigated the mechanisms by which it suppresses tumor cell growth. 

Methods: Human gastric carcinoma (GC) cells (MGC-803) were used to evaluate the effects of 8-NICD 

on cell proliferation and apoptosis. The in vivo action of 8-NICD in a nude mouse xenograft model was 

also investigated. The antioxidant activity of 8-NICD was evaluated using a 1,1-diphenyl-2-picrylhydrazyl 

radical scavenging assay. 

Results: 8-NICD exerted significant antitumor activity against several tumor cell lines with IC 50 between 

8.0 and 142.8 μM and was not toxic to healthy fibroblasts and epithelial cells at concentrations up to 

100 μM. Moreover, 8-NICD strongly inhibited the proliferation of MGC803 cells without causing toxi- 

city to human umbilical vein endothelial cells with a selectivity index of 19.2 and arrested MGC803 

cells in the S phase. Further, the percentages of apoptotic MGC-803 and BGC823 cells increased in a 

concentration-dependent manner, and the expression of apoptosis regulator Bax increased, whereas that 

of Bcl-2 decreased in response to 8-NICD treatment. Further, 8-NICD significantly suppressed MGC-803 

tumor growth in nude mice. In addition, 8-NICD was a potent scavenger of radicles in a 1,1-diphenyl-2- 

picrylhydrazyl (IC 50 = 11.12 μM) antioxidant assay. 

Conclusions: These results suggest that 8-NICD exerts significant antitumor effects on GC cells by in- 

ducing apoptosis and cell cycle arrest and is a promising candidate anti-GC drug. The particularly high 

sensitivity of MGC803 cells suggest that the potential of 8-NICD to treat GC should be further explored. 

( Curr Ther Res Clin Exp. 2021; 82:XXX–XXX) 

© 2021 The Authors. Published by Elsevier Inc. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Gastric carcinoma (GC) is the fourth most common cancer 

orldwide and is the third and fifth most frequent cause of can- 

er mortality in men and women, respectively. 1 Although some 

atients experience remission through surgical resection alone, 
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he most common treatments for GC include a combination of 

urgery, perioperative chemotherapy for resectable cases, and adju- 

ant chemoradiotherapy for unresectable cases. 2 Evidence to date 

ndicates a good prognosis for patients who undergo chemother- 

py. 3 However, despite advances in conventional treatments and 

urgical interventions, improved survival of patients still relying 

n the research and development of different strategies such as 

eoadjuvant chemotherapy, adjuvant chemeradiotherapy, and de- 

elopment of targeted therapies. 4 Thus, improvements in long- 

erm survival require a better understanding of GC and more ef- 

ective treatments. 
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Dicranostigma leptopodum (Maxim) Fedde (DLF) has been used 

n traditional Chinese medicine for the treatment of tonsillitis, 

epatitis, and inflammation. 5 , 6 DLF belongs to the poppy family 

Papaveraceae), which is widely distributed in highland areas, es- 

ecially in Western China. Whole DLF extracts exhibit antitumor 

roperties. 7 The main ingredients of DLF extracts are aporphine, 

rotoberberine, and protopine alkaloids, and these display a wide 

ange of biological activities. 8–10 

Isocorydine (ICD) isolated from DLF 11 and its derivatives have 

ecently attracted considerable attention because of their diverse 

iological activities 12 and therapeutic potential. ICD exhibits im- 

ortant therapeutic properties, including antibacterial, 13 antiul- 

er, 14 antiarrhythmic, 15 anticancer, 16 and antioxidant 17 activities. 

revious studies have shown that ICD has multiple inhibitory ef- 

ects on hepatocellular carcinoma cells (HCC), for example, it in- 

uces G 2 /M phase arrest and apoptosis, 18 targets drug-resistant 

CC subpopulations via programmed cell death 4-related apopto- 

is, 16 and when coadministered with doxorubicin has a synergistic 

nhibitory effect on HCC cell lines. 19 The results suggests that ICD 

ight be a promising lead compound for the development of novel 

hemotherapeutic drugs. Zhong et al 20 reported that ICD (200 m M) 

xerts a potent antitumor effect on HCC cells, but this is a cum- 

ersome dose for clinical treatment. Further, the pharmacokinet- 

cs (PK) and tissue distribution data of ICD in rats indicate that 

CD is quickly absorbed and eliminated, with T max in plasma < 20 

inutes, t 1/2 in plasma < 1 hour, and the absolute bioavailability a 

ere 25.8% to 33.4% following oral administration. 21 , 22 Therefore, 

o enhance antitumor activity and PK of ICD there have been a se- 

ies of studies on its derivatives, including the semisynthetic ICD 

erivate 8-amino-isocorydine (8-NICD). 

This study explored the cytotoxic and antioxidant activities of 

-NICD both in vitro and in vivo. First, studies were done to iden- 

ify which tumor cells were most sensitive to 8-NICD as the basis 

or subsequent experiments. Second, experiments were conducted 

o verify the tumor-inhibiting effects in vitro and in vivo. Finally, 

he effects of 8-NICD on the proliferation and apoptosis of tumor 

ells were evaluated to explore its potential application in clinical 

reatment. 

aterials and Methods 

ynthesis of 8-NICD 

The 8-NICD was synthesized from ICD as previously reported 

20 

nd its synthetic route is shown below. Reagents and condi- 

ions: nitric acid (HNO 3 )/sulphuric acid (H 2 SO 4 )/trichloromethane 

CHCl 3 )/methylene dichloride (CH 2 Cl 2 ), –30 °C, stir, 1.5 hours; 0.3 

illi Pascal (MPa) hydrogen (H 2 ), palladium on carbon, Ethanol 

EtOH), 25 °C, stir, 2.5 hours. Synthesized samples were dissolved 

nd diluted in phosphate-buffered saline (PBS) at 20 mM and 

tored at 4 °C in the dark. 

ell lines and cell culture 

Human lung carcinoma (A549), breast adenocarcinoma (MCF- 

), GC (MGC803, BGC823), renal carcinoma (786-O), HCC (SMMC- 

721, HepG2), colon carcinoma (SW620), murine renal carcinoma 

Renca), human fibroblast (MRC-5), as well as human umbilical 

ein endothelial cells (HUVEC), were obtained from the Shanghai 
2 
ell Bank (Chinese Academy of Sciences, Shanghai, China). The cells 

ere cultured in a humidified atmosphere at 37 °C in 5% carbon 

ioxide. Roswell Park Memorial Institute 1640 medium (Invitro- 

en, Eugene, Oregon) was used to culture MCF-7, A549, MGC803, 

GC823, 786-O, Renca, SMMC-7721, HepG2, and SW620 cells. Min- 

ma essential medium (MEM) and Dulbecco’s modification of Ea- 

le’s medium (DMEM) (Invitrogen) were used to culture MRC-5 

ells and HUVECs, respectively. All media were supplemented with 

0% fetal calf serum (Gibco, Life Technologies, Carlsbad, California), 

 mM L-glutamine (Sigma-Aldrich, St Louis, Missouri), and 1% (v/v) 

enicillin/streptomycin (Gibco, Grand Island, New York). 

creening of anticancer activity 

The effects of 8-NICD on cell viability was measured using the 

-(4,5-dimethyl-thiazol-2-yl)-2,5-diphenyltetrazolium bromide as- 

ay. 23 Briefly, 96-well plates were seeded separately with 100 μL 

ell complete medium containing the following number of cells: 

0 0 0 for HUVEC, MRC-5, 30 0 0 for MCF-7; 40 0 0 for MGC803,

MMC-7721,786-O, and HepG2; and 50 0 0 for BGC823, A549, and 

W620. The cells were allowed to adhere for 24 hours. 8-NICD 

as diluted in the same complete medium to 6.25 to 180 μM 

6.25, 12.5, 25, 50, and 100 for tumor cells; 20, 40, 60, 80, 100, 

20, 140, 160, and 180 for nonmalignant cells), and 100-μL aliquots 

f medium included 8-NICD were added to the wells in quadru- 

licate. In control wells, the corresponding culture medium for 

ach cell type was added alone. Vincristine (VCR) and paclitaxel 

Taxol) (both Sigma-Aldrich) were used as positive controls, di- 

uted in medium to 0.1 to 100 μM (0.1, 1, 10, 20, 40, 60, 80, 

nd 100) and 0.1 to 12.8 μM (0.1, 0.2, 0.4, 0.8, 1.6, 3.2, 6.4, and 

2.8), respectively. After incubation for 48 hours, 20 μL 5 mg/mL 

-(4,5-dimethyl-thiazol-2-yl)-2,5-diphenyltetrazolium bromide so- 

ution (Sigma-Aldrich) was added to each well, and viable cells 

ere visualized under light microscopy by the development of pur- 

le coloration. The plates were incubated for 4 hours at 37 °C. Af- 

er the addition of dimethyl sulphoxide (150 μL), plates were incu- 

ated for an additional 10 minutes. The absorbance of each sample 

as measured at 570 nm on a Bio-Rad 560 Microplate Reader (Bio- 

ad, Hercules, California). 

IC 50 values were obtained from the sigmoidal curves generated 

y plotting the cell viability percentage against the 8-NICD concen- 

ration. The anticancer activity of 8-NICD against tumor cells was 

efined as the estimate of the degree of selectivity that 8-NICD 

argeted cancer cells, expressed by selectivity index (SI) value. 24 A 

igh SI value ( > 2) for 8-NICD indicates selective toxicity in cancer 

ells (SI = IC 50 for normal cells/IC 50 for cancer cells). 

cute toxicity test 

The LD 50 of 8-NICD was determined according to Mohamed 

t al. 25 Doses were determined by the minimum tolerated dose (0% 

mortality) and maximum tolerated dose (100% mortality); there- 

ore, 90 adult mice were randomly divided into 9 groups of 10 and 

ach group intraperitoneally injected with 750, 150 0, 20 0 0, 250 0, 

0 0 0, 350 0, 40 0 0, 450 0, or 50 0 0 mg/kg body weight of 8-NICD in

BS solution. In the process of operator injection and subsequent 

oxicity observation, doses of 8-NICD were hidden by personnel 
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linded to avoid subjective judgment. The percentage of mice that 

ied and/or displayed signs of toxicity throughout 24 hours was 

ecorded. The median LD 50 was calculated by plotting the loga- 

ithmic dose against the probit value. Experiments were conducted 

ith the ethical approval (No. XBMU-YX-2019008) of our institu- 

ion’s Animal Care and Use Committee. 

low cytometric analysis of the cell cycle and apoptosis 

MGC803 cells (5 × 10 5 cells/mL) were plated in 100-mm dishes 

nd incubated with 10, 20, or 40 μM 8-NICD at 37 °C for 24 hours, 

nd untreated cells served as controls. The cells were trypsinized, 

ollected, and washed twice with cold PBS, then fixed in 70% 

thanol for at least 12 hours at 4 °C. Next, MGC803 cells were 

ashed twice with PBS and incubated with 1 mL 50 μg/mL 

NAse A (Sigma-Aldrich). Propidium iodide (PI) (Sigma-Aldrich) 

as added at a concentration of 100 μg/mL and the cells were 

urther incubated in the dark for 1 hour. Finally, samples were 

nalyzed by a BD Accuri C6 instrument (BD Biosciences, Franklin 

akes, New Jersey). Ten thousand cells were acquired and analyzed 

er sample, and 3 replicates were performed for each treatment. 

ell cycle analysis was performed using ModFit LT 3.0 DNA analy- 

is software (Verity Software House, Inc, Topsham, Maine). 

MGC803 cells (5 × 10 5 cells/mL) were plated in 60-mm dishes 

nd incubated at 37 °C for 24 hours. After removing the medium, 

 mL Roswell Park Memorial Institute 1640 medium containing 

0, 20, or 40 μM 8-NICD was added to each dish, and cells 

ere incubated for a further 24 hours, with untreated cells serv- 

ng as controls. The cells were collected after treatment with 

.25% trypsin, washed twice with PBS, and suspended in 100 

L binding buffer (10 mM N-2-hydroxyethylpiperazine-N-ethane- 

ulphonicacid (HEPES)/sodium hydroxide (NaOH) pH7.4, 140 mM 

odium chloride (NaCl), 2.5 mM calcium chloride (CaCl 2 )). Cell sus- 

ensions were stained with annexin V-fluoresceine isothiocyanate 

annexin V-FITC)/Propidium iodide (PI) apoptosis detection kits 

Nanjing Vazyme Biotech Co, Ltd, Nanjing, China), each coverslip 

as incubated with 5 μL annexin V-FITC and 5 μL PI for 20 minutes 

n the dark, at room temperature to detect apoptosis according to 

he manufacturer’s instructions, and the results are presented as 

he mean percentage of annexin V 

+ cells (SD). 

estern blot analysis 

MGC803 cells were treated with 20 μM 8-NICD at 37 °C for 

4 hours, after which the proteins were extracted using an ice- 

old RIPA lysis buffer (50 mM trihydroxymethyl aminomethane, 

ris-hydrochloric acid (Tris-HCl), pH 7.5, 150 mM sodium chloride 

NaCl), 1% octylphenoxypolyethoxyethanol (NP-40), 0.5% sodium 

eoxycholate (DOC), and 0.1% Sodium dodecyl sulfate (SDS)) and 

he protein concentration was measured using a Bradford pro- 

ein assay kit (BioTek China, Beijing, China). The lysates were re- 

olved on precast 10% sodium dodecyl sulfate-polyacrylamide gels 

nd transferred onto polyvinylidene difluoride membranes (Mil- 

ipore, Billerica, Massachusetts), which were blocked for 1 hour 

n blocking buffer (5% nonfat dry milk) at 37 °C. Subsequently, 

he membranes were incubated with the following primary an- 

ibodies overnight at 4 °C, per the manufacturers’ recommended 

ilutions: rabbit polyclonal anti- BCL2 apoptosis regulator ( BCL2 ; 

:1,0 0 0; catalog No. YT0471, ImmunoWay Biotechnology Company, 

lano, Texas), rabbit monoclonal anti- BCL2 associated X, apoptosis 

egulator ( BAX ; 1:1,0 0 0; catalog No. YT0455; ImmunoWay Biotech- 

ology Company), rabbit monoclonal anti- β actin (1:1,0 0 0; catalog 

o. 4970; Cell Signaling Technology, Inc, Danvers, Massachusetts). 

After washing with Tris-buffered saline containing 0.1% Tween 

0 (Sigma-Aldrich) 3 or 4 times, the membranes were incubated 

ith goat anti-rabbit polyclonal horseradish peroxidase-conjugated 
3 
econdary antibody (10,0 0 0; catalog No. ab6721; Abcam, Cam- 

ridge, Massachusetts) for 1 hour at room temperature. After 

ashing 3 times in Tris-buffered saline containing 0.1% Tween 20, 

roteins were visualized using 3,3 ′ -diaminobenzidine. Relative pro- 

ein levels were normalized to β-actin and quantified using Image 

 software (National Institutes of Health, Bethesda, Maryland). 

n vivo tumorigenicity assay 

Female BALB/c nude mice (n = 20; 4–6 weeks old; 18–20 g) 

ere obtained from the Shanghai Experimental Animal Center of 

he Chinese Academy of Science (Shanghai, China). All mice were 

oused in a specific pathogen-free laboratory. Experimental proto- 

ols were performed according to the guidelines provided by the 

C Directive 86/609/EEC for animal experiments and were con- 

ucted with the approval (No. XBMU-YX-2019009) of our institu- 

ion’s Animal Care and Use Committee. 

Tumor xenograft models were established by subcutaneously 

njecting 1 × 10 6 MGC803 cells into the right flanks of the mice. 

ext, the mice were randomly assigned to control, high-dose 8- 

ICD, low-dose 8-NICD, and 5-fluorouracil (5-FU) groups (n = 5 

ice per group) on the eighth day and received even intraperi- 

oneal injections of 250 mg/kg 8-NICD, 100 mg/kg 8-NICD, or 40 

g/kg 5-FU, respectively, which was administered at 3-day inter- 

als, 7 injections in total; control mice received 150 μL PBS. Tu- 

or length and width were measured using a Vernier caliper ev- 

ry 3 days, and the bodyweights of the mice were also recorded. 

he tumor size was calculated according to the formula volume 

cm 

3 ) = 1/2 length × width 

2 . Tumor weight was measured after 

ice were sacrificed, and tumors were fixed in 4% formalin and 

mbedded in paraffin for histology staining. 

ree radical scavenging activity assays 

The 1,1-diphenyl-2-picrylhydrazyl (DPPH) scavenging activities 

f purified 8-NICD and standard agents were tested based on the 

ethod described by Shimada et al. 26 Briefly, 40 μL 8-NICD (0, 

, 2, 4, 8, 16, and 32 μM) was added to 100 μL DPPH (200 μM

n methanol) in triplicate wells of a 96-well plate. Ascorbic acid, 

-tocopherol, and 2,6-di-tert-butyl-4-methylphenol (butylated hy- 

roxytoluene [BHT]) at the same concentration series as 8-NICD 

ere used as standards, and methanol (MeOH) was used as a neg- 

tive control. All chemicals used in the study were purchased from 

igma-Aldrich. After incubation in the dark for 30 minutes, the 

bsorbance of each sample was read at 517 nm with the Infinite 

200 Pro (TECAN, Mannedorf, Switzerland) Multimode Microplate 

eader. The DPPH free radical scavenging activity was expressed 

s the percentage of DPPH inhibition, which was calculated as fol- 

ows: 

Inhibition of DPPH (%) = [(Absorbance of control – Absorbance 

f sample) / Absorbance of control] × 100. 

The IC 50 , indicated by the concentration of sample required to 

cavenge 50% of the DPPH free radical, was determined by plotting 

he percent inhibition against the 8-NICD concentration. 

tatistical analysis 

The in vitro experiments were performed in triplicates and 

he data are expressed as mean (SD). Grouped data were statisti- 

ally analyzed using 1-way ANOVA and the Tukey-Kramer multiple 

omparisons post hoc test in SPSS version 16.0 (IBM, Armonk, New 

ork). Results of P < 0.05 were considered statistically significant. 

C 50 values were calculated in Sigma Plot version 12.0 (Systat Soft- 

are, Inc, San Jose, California). 
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Figure 1. Effects of 8-amino-isocorydine (8-NICD) on the growth of malignant and 

nonmalignant cell lines. (A) Growth inhibition rates of 8-NICD in 9 cancer cell lines. 

(B) Growth inhibition rate of 8-NICD in human fetal lung fibroblasts (MRC-5 cells) 

and human umbilical vein endothelial cells. 
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Table 1 

Cytotoxicity of 8-amino-isocorydine (8-NICD) on 9 cancer cell lines 

and a normal fibroblast cell. 

Cell IC 50 
∗ (μM) † SI ‡ 

8-NICD Paclitaxel vincristine 

MGC803 11.8 (1.3) h § 0.1 (0.0) 0.9 (0.0) 19.2 

SMMC7721 25.3 (1.3) g 3.0 (0.2) 45.0 (1.9) 9.0 

SW620 36.4 (1.9) f 0.2 (0.0) 0.8 (0.0) 6.2 

BGC823 36.9 (2.5) f 0.2 (0.0) 6.8 (0.6) 6.2 

786-O 45.2 (2.5) e 1.5 (0.1) 34.6 (0.2) 5.0 

Renca 47.7 (4.2) e 4.5 (0.5) 15.0 (0.4) 4.8 

MCF-7 48.3 (1.6) e 12.4 (0.6) 59.4 (1.2) 4.7 

A549 97.5 (4.6) d 1.4 (0.1) 14.3 (0.4) 2.3 

HepG2 142.8 (4.4) c 1.1 (0.1) 84.2 (1.5) 1.6 

HUVEC 227.1 (9.1) b n.t. n.t. –

MRC-5 420.4 (13.1) a n.t. n.t. –

n.t. = not tested. SI = selectivity index. 
∗ IC 50 values were the 50% inhibition concentration and calculated 

from regression lines using 5 different concentrations in replicate ex- 

periments 3 times. 
† Results are expressed as mean (SD); paclitaxel and vincristine 

were used as positive controls. 
‡ Values were calculated by IC 50 for HUVEC cells / IC 50 for cancer 

cells. 
§ One-way ANOVA followed by Dunnett’s multiple comparison tests 

suggested values at the column with different letters are statistically 

different ( P < 0.05). 
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ytotoxicity of 8-NICD 

The in vitro cytotoxicity of 8-NICD was tested against 8 human 

ancer cell lines (A549, MCF-7, MGC803, BGC823, 786-O, SMMC- 

721, HepG2, and SW620) and murine renal carcinoma (Renca) 

ells. Cytotoxicity was also assessed using the MRC-5 cell and HU- 

EC lines to examine the effects of 8-NICD on nonmalignant cells. 

C 50 values were calculated based on the survival of cells after 48 

ours of exposure to 8-NICD ( Figure 1 ); the concentrations of 8- 

ICD treatments resulting in half-maximal proliferation after 48 

ours are listed in Table 1 . IC 50 values of 8-NICD were compared 

ith the clinically relevant anticancer drugs VCR and Taxol. 8-NICD 

isplayed significant cytotoxicity toward most of the human carci- 

oma lines and the murine carcinoma cells tested, with IC 50 values 

anging from 8.0 (1.1) to 142.8 (4.4) μM. However, 8-NICD was not 

ytotoxic to MRC-5 cells and HUVECs (both with IC 50 > 100 μM), 

specially the MRC-5 cells, which were unaffected at the highest 

ested concentration (180 μM). 

The tumor cells tested in these experiments were roughly made 

p of 4 categories according to their sensitivity to the 8-NICD 

IC 50 values) and their SI values compared to nontumor cells. The 

umor-suppressing effects of 8-NICD treatment on GC lines were 

bserved to occur in a dose-dependent manner, with IC 50 of 11.8 
4 
1.3) μM on MGC803, 25.3 (1.3), 36.4 (1.9), and 36.9 (2.5 μM) on 

MMC7721, SW620, and BGC823, respectively, which suggests that 

astrointestinal tumors such as the ones studied were generally 

ore sensitive to 8-NICD, especially the MGC803 cells. 8-NICD dis- 

layed moderate tumor-suppressing effects for 786-O, Renca, and 

CF-7 cells, with IC 50 values of 45.2 (2.5), 47.7 (4.2), and 48.3 (1.6) 

M, respectively. Finally, 8-NICD showed weak tumor-suppressing 

ffects on A549 and HepG2 cells, with IC 50 values of 97.5 (4.6) 

nd 142.8 (4.4) μM, respectively. Moreover, almost all the SI values 

 Table 1 ) calculated with HUVEC as a reference are > 2, indicating 

hat 8-NICD is selective for tumor cells, the most noteworthy of 

hese is the MGC803, which had an SI value of 19.2. The particu- 

arly high sensitivity of MGC803 cells suggest that the potential of 

-NICD to treat GC should be further explored. 

cute toxicity of 8-NICD 

Intraperitoneal administration of 8-NICD solution at concentra- 

ions from 750 up to 50 0 0 mg/kg to mice caused signs of toxic- 

ty and death at doses of 1500 mg/kg and upward. The calculated 

ntraperitoneal median LD 50 of 8-NICD in mice was estimated to 

e 2588 mg/kg (range = 1623–4127 mg/kg). However, there was no 

oxicity observed in mice injected with 8-NICD at 750 mg/kg body 

eight. 

-NICD induced apoptosis in MGC803 and BGC823 cells 

The major differences noted between the inhibition of cell vi- 

bility by 8-NICD in the 2 GC cell lines (MGC803 and BGC823) 

rompted studies to determine the type of cell death induced by 

-NICD in these 2 cell lines. The percentage of apoptotic increased 

ignificantly and dose-dependently after 24 hours treatment with 

-NICD ( Figure 2 ), from 24.1% (2.1%) in the 10 μM dose condition 

o 36.3% (2.9%) in the 40 μM dose condition for MGC803 cells, and 

rom 11.6% (1.0%) to 28.6% (2.5%) at same 10 and 40 μM concen- 

rations used for BGC823 cells. In MGC803 cells, the proapoptotic 

rotein Bax was significantly upregulated throughout 8-NICD treat- 

ent, whereas the antiapoptotic protein Bcl-2 was significantly 

ownregulated ( Figure 3 ) (both P values < 0.05). 
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Figure 2. Effects of 8-amino-isocorydine (8-NICD) on apoptosis in MGC803 and BGC823 cells. Cells were treated with 8-NICD (0, 10, 20, and 40 μM) for 24 hours before 

harvest, stained with annexin annexin V-fluoresceine isothiocyanate (V-FITC) and Propidium iodide (PI), and analyzed by flow cytometry. Data are expressed as mean (SD) 

of 3 separate experiments. ∗P < 0.05 and # P < 0.05 compared with no treatment control group. 

Figure 3. Effect of 8-amino-isocorydine (8-NICD) on the expression of apoptosis- 

related proteins in MGC803 cells. Cells were treated with 20 μM 8-NICD for 0, 4, 8, 

12, and 24 hours, and the protein levels of BAX , BCL2 , and β-actin were analyzed 

by western blotting. Data are expressed as mean (SD) of 3 separate experiments. ∗P 

< 0.05 compared with no treatment. 
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-NICD induced cell cycle arrest in MGC803 cells 

Cell cycle analysis indicated that 8-NICD treatment changed the 

ell cycle distribution in MGC803 cells ( Figure 4 ). After treatment 

ith different concentrations of 8-NICD for 24 hours, a signifi- 

ant increase was observed in the number of cells in the S phase, 

ith concurrent decreases in the number of cells in the G0/G1 and 

2/M phases. This indicated that the cell cycle was arrested in the 

 phase after treatment with 8-NICD. 

-NICD inhibition of the tumorigenic properties of GC cells 

Validation of the antitumor activity of 8-NICD against GC was 

erformed by measuring its in vivo effects using an MGC803 
5 
enograft tumor model with 10% of the LD 50 dose (2588 mg/kg) 

s the maximum experimental dose of 8-NICD. As shown in 

igures 5 A-C, and 5 D, both 100 mg/kg and 250 mg/kg intraperi- 

oneal injections of 8-NICD significantly (P = 0.025 and P = 0.001, 

espectively) inhibited MGC803 xenograft tumor growth in mice 

ompared with the control group. Notably, the tumor volume in 

he high-dose 8-NICD group was even smaller than in the 5-FU 

reatment group ( Figures 5 B, 5 C). Further more, mice body weight 

n 8-NICD treatment groups was also having no difference com- 

ared with that of in control group ( Figure 5 D). The pro-apoptotic 

ffect of 8-NICD has also been observed in xenograft tumor tissues 

 Figrue 5 E). These results demonstrate the ability of 8-NICD to in- 

ibit GC growth in vivo. 

PPH scavenging ability of 8-NICD 

The antioxidant activity of 8-NICD was evaluated by measur- 

ng its ability to scavenge DPPH free radicals compared to ascor- 

ic acid, α-tocopherol, and BHT. The radical scavenging activities of 

hese reagents, in decreasing order, were 3.92 (0.28) μM for ascor- 

ic acid (P < 0.05 compared with the others), 11.12 (0.64) μM for 

-NICD (P < 0.05 compared with ascorbic acid and BHT), 13.03 

4.23) μM for α-tocopherol (P < 0.05 compared with ascorbic acid 

nd BHT), and 23.24 (4.11) μM for BHT (P < 0.05 compared with 

he others). These results demonstrate the ability of low concen- 

rations (11.12 [0.64] μM) of 8-NICD to exert antioxidant effects 

hat were comparable to α-tocopherol (13.03 [4.23] μM) and sig- 

ificantly (P < 0.05) higher activity than BHT (23.24 [4.11] μM). 
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Figure 4. Influence of 8-amino-isocorydine (8-NICD) on the cell cycle progression of MGC-803 cells. Cells were treated with different concentrations of 8-NICD (0, 10, 20, 

and 40 μM) for 24 hours, stained with PI, and analyzed by flow cytometry. Data are expressed as mean (SD) of triplicate samples. Dip = diploid. ∗P < 0.05. ∗∗P < 0.01. 
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iscussion 

GC is among the deadliest digestive system malignancies; with 

n estimated 952,0 0 0 new cases and 723,0 0 0 deaths per annum 

orldwide. Patients with advanced disease have an especially poor 

rognosis. 1 Despite recent advances in surgery and chemotherapy, 

ore effective drugs for GC are sorely needed. These results sug- 

est, for the first time in GC cells, that 8-NICD, a chemically pro- 

uced derivative of ICD, enhances apoptosis and inhibits prolifera- 

ion both in vivo and in vitro tumor models. 

ICD is isolated from D leptopodum 

11 and previous authors have 

eported that it had multiple inhibitory effects on HCC cells includ- 

ng the induction of G 2 /M phase arrest and apoptosis. 18 It appears 

hat altering the chemical structure of ICD results in a molecule 

hat can cause S-phase arrest in GC cells. Many ICD derivatives 

ave potential antitumor activity. 27 For example, Li et al 28 reported 

hat a derivative of ICD may inhibit HCC cells by decreasing the 

xpression of insulin-like growth factor 2 mRNA binding protein 

, rendering HCC cells more sensitive to chemotherapy. Also, the 

erivative of ICD inhibits HCC cell migration and invasion, in part 

y regulating E2F transcription factor 1 and integrin subunit alpha 

 expression. 29 8-NICD was found to exhibit significant, cell-type–

pecific toxicity against a series of tumor cell lines in vitro, partic- 

larly human GC cell lines, whilst no toxic effects were detected 

gainst non-malignant fibroblasts (MRC-5 cells) and HUVECs. VCR 

nd Taxol were used as positive controls as is commonly done 

n experiments evaluating GC chemoprevention. 30 , 31 The IC 50 of 

-NICD satisfied the criteria for cytotoxic activity with a similar 

osage threshold to that of the established positive control agents. 
6 
The many detrimental effects of cancer chemotherapies on 

ealthy cells have prompted attempts to identify drugs that more 

electively act on tumor cells relative to healthy cells. Nonmalig- 

ant cells are extensively used in cytotoxicity studies to test the 

elective effects of drugs; for instance, curcumin has been reported 

o induce cell death in nonmalignant cells such as rat thymocytes 

nd human T cells. 32 Results of these experiments showed that 8- 

ICD had low (IC 50 = 420.4 [13.1] μM) cytotoxicity against MRC-5 

broblast cell lines and relatively low (IC 50 = 227.1 [9.1] μM) cy- 

otoxicity against HUVECs ( Table 1 ). It is worth noting that al- 

hough 8-NICD display nontoxic to MRC-5 and HUVEC cells at con- 

entration up to 100 μM, yet the IC 50 of HepG2 (142.8 [4.4] μM) 

nd A549 (97.5 [4.6] μM) also exceeds or approaches this con- 

entration, showing signs of resistance by HCC and lung carci- 

oma; whereas by use of the up-limit concentration of 180 μM, 

-NICD also showed toxicity to nonmalignant cells, especially for 

UVEC cells. Because the SI reflects the selectiveness of 8-NICD 

n targeting cancer cells, the greater the SI value is, the greater 

he selectivity for target cells. Acute in vivo toxicity tests per- 

ormed in mice revealed that a relatively high dose (LD 50 > 2,500 

g/kg) of 8-NICD was required to induce toxicity. Although this 

eeds confirmation in actual patients, the results suggest that 

-NICD might be well tolerated. The selective cytotoxicity of 8- 

ICD toward tumor cells and its low toxicity against nonmalignant 

ells suggests it has potential for development as a therapy for 

C. 

Zhong et al 20 reported that 200 μM ICD exerts potent antitu- 

or effects in HCC cells; however, this is a relatively high dose to 

e used for clinical treatment. To improve the anticancer activity 
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Figure 5. Antitumor effects of 8-amino-isocorydine (8-NICD) in vivo. (A) MGC-803 tumor xenografts excised from female BALB/c nude mice after 3 weeks of treatment with 

8-NICD or 5-FU. Images in each column show (a) the control group (administered an equal volume of physiological saline vehicle), (b) the 40 mg/kg 5-FU group, (c) the 100 

mg/kg 8-NICD group, and (d) the 250 mg/kg 8-NICD group. All therapies were administered by intraperitoneal injection every 3 days. (B) Statistical analysis (Student t test) 

of the tumor weight among different treatment groups. 5-Data points represent the mean tumor volume for each group at each time point. (C) Tumor growth curves. (D) The 

bodyweight of mice during different treatments. (E) Representative microphotographs showing the histological morphology (hematoxylin and eosin staining) of tumors from 

animals receiving either with normal saline, 5-fluorouracil, 8-NICD (100 mg/kg), or 8-NICD (250 mg/kg), arrows indicate apoptotic bodies and pyknotic nucleus undergoing 

cell death. Magnification, × 200; scale bar, 100 μm. Error bars indicate the mean (SD) (n = 5). 5-FU = 5-fluorouracil; 8-NICD = 8-amino isocorydine. 
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f ICD, its chemical structure has been modified, and the synthetic 

erivatives of ICD have been studied in recent years. The deriva- 

ive of ICD is isocorydione, was evaluated for antitumor activity 

sing in vivo and in vitro assays, and whilst its inhibitory effects 

n tumor cells have been confirmed, its IC 50 values range from 

86.97 to 212.46 μM, indicating a relatively weak anticancer ac- 

ivity against 3 tested cell lines. 20 The PK and bioavailability of 8- 

cetamino-isocorydine (AICD), another derivative of ICD, have been 
7 
eported. 33 The absolute bioavailability of orally administered AICD 

eached 76.5%, and its T max and t 1/2 were 0.8 hour and 2.0 hours, 

espectively. The PK properties of 8-NICD in vivo were not studied 

ere. This decision was based on the assumption that 8-NICD is 

roduced by deacetylation of AICD in the liver, based on the pro- 

rug theory. 8-NICD possesses superior anti-cancer activity com- 

ared with ICD and its administration by injection avoids the first 

limination that oral administration must overcome. It was found 
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hat 8-NICD was effective at suppressing the growth of a wide 

ange of tumor cells and exerted its effect on GC via the induc- 

ion of apoptosis. The positive in vivo and in vitro anticancer ef- 

ects prompted an in-depth evaluation of its mechanism of action 

f 8-NICD. 

The DPPH radical scavenging model is widely used to study the 

ntioxidant activities of the compounds found in plant extract and 

heir derivatives. 34 , 35 Results showed that 8-NICD may have supe- 

ior antioxidative abilities to its precursor ICD, which also exhibits 

ree radical DPPH scavenging activity (IC 50 = 229.85 [7.51] μM). Un- 

ontrolled production of free radicals leads to the development of 

nflammation and various diseases, such as cardiovascular diseases, 

egenerative aging processes, and cancer. 36 In cancer cells, the ac- 

umulation of reactive oxygen species due to defective mitochon- 

ria and increased metabolic rate may promote tumor growth. 37 To 

revent the dangerous effect of excessive reactive oxygen species, 

ancer cells induce cytoprotective mechanisms, overexpression of 

eactive oxygen species and increased expression of antioxidant 

nzymes facilitates multidrug resistance of cancer cells, through 

ultiple pathways (eg, nuclear factor-kappa B (NF- κβ), mitogen- 

ctivated protein kinase (MAPK), Janus Kinase - signal transducer 

nd activator of transcription (JNK-STAT) and Phosphatidylinosi- 

ide 3-kinases/protein kinase B/mammalian target of rapamycin 

PI3K/AKT/mTOR)). 37 , 38 Satheesh and colleagues 39 found ascorbic 

cid (vitamin C) kills tumor cells and targets cancer stem cells due 

o its ability to affect the redox status of the cell, influence epige- 

etic modification, and promote HIF-1 α signaling. 

Curcumin is a well-known hermetic antioxidant with potent an- 

icancer activities that can be deployed against many human ma- 

ignancies because curcumin exerts antioxidant activities at low 

oncentrations, and pro-oxidant activities at high concentrations. 40 

t low concentration, curcumin protects the body against radicals 

resent in the blood, 41 and at high concentrations, curcumin exerts 

ro-oxidant effects via intracellular reactive oxygen species pro- 

uction, inhibiting the production of factors that induce tumori- 

enesis. Hence, modulation of reactive oxygen species scavengers 

y antioxidant treatments in transformed cells have to be consid- 

red as an anticancer strategy. Despite the radical-scavenging abil- 

ty of 8-NICD that we found in this study, a molecular link between 

t and antitumor effects was not observed, so further experiments 

hould be designed to explain the mechanisms of relationship be- 

ween radical-scavenging and antiproliferation of 8-NICD in GC. 

onclusions 

8-NICD exhibited strong anticancer and antioxidant properties 

gainst several cell lines. 8-NICD was selectively cytotoxic against 

ancer cells by inducing apoptosis and cell cycle arrest, with no 

ytotoxic effects on normal fibroblasts, and its antioxidant activ- 

ty was comparable to that of α-tocopherol. The particularly high 

ensitivity of MGC803 cells suggest that the potential of 8-NICD to 

reat GC should be further explored. These results suggest that 8- 

ICD exerts significant antitumor effects on GC cells by inducing 

poptosis and cell cycle arrest and is a promising anti-GC candi- 

ate drug. 
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