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in intestinal epithelial cells through nuclear factor-xB
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Abstract. Oxidative stress is a pathogenesis for a typical
inflammatory intestinal disease known as ulcerative colitis
(UC) characterized by erosion and mucosal ulceration. For the
treatment of UC, many kinds of traditional Asian medical
plants have been used. Schisandra chinensis fruits (SC) are
known to possess anti-ulcer, anti-hepatotoxic and anti-
neurotoxic activity. However, its mechanism is still unknown.
In the present study, we investigated the cytoprotective effect
of deoxyschisandrin, a lignan compound comprised of SC
fruits, on H,0,-induced apoptotic cell death in human intestinal
epithelial cells (HCT116). In flow cytometry assay using
Annexin V and propidium iodide, deoxyschisandrin inhibited
H,0,-induced apoptotic cell death. To further evaluate the
apoptotic signaling by H,0O,, we detected caspase-3 activation
using cleavage of pro-caspase-3. Deoxyschisandrin inhibited
H,0,-induced caspase-3 activation by blocking cleavage of
pro-caspase-3. Furthermore, it has been reported that oxidative
stress by H,0O, induces an activation of nuclear factor-xB
(NF-«xB). In our results, H,O, stimulated the degradation of
IkBa, inhibitor of NF-xB, in a concentration-dependent
manner. On the contrary, deoxyschisandrin inhibited H,O,-
stimulated degradation of IkBa and activation of NF-xB by
blocking translocation of NF-xB to the nucleus. Therefore, we
suggest that deoxyschisandrin inhibits H,O,-induced apoptotic
cell death.
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Introduction

Intestinal epithelial cells (IECs) constitute a single layer of the
intestine and act as a critical physical barrier against pathogen
invasion. It is considered to be an important component
associated with initiation and regulation of adaptive and innate
defense mechanisms in the mucosal immune system (1). In
IECs, the activation of the pro-inflammatory gene is related
with chronic and acute intestinal inflammation (2-4).
Ulcerative colitis (UC) is a type of inflammatory bowel
disease (IBD) characterized by mucosal ulceration, up-
regulation of pro-inflammatory cytokines, and infiltration of
inflammatory cells into the colonic mucosa (5,6). Although the
etiology of UC is not clearly understood, it has been reported
that exaggerated immune response by immune cells such as
white blood cells (mainly neutrophils) is a considerable patho-
genesis factor (7). Responsibility of neutrophils for tissue
damage in the colonic mucosal surface has been well described
but an explanation of the mechanism has not been proposed
(8). However, the possible mechanism has been reported that
reactive oxygen species (ROS)-mediated oxidative stress is a
major pathogenic mechanism in IBD. ROS, reactive molecules
containing the oxygen atom, can initiate inflammatory cascades
and cause subsequent tissue damage (9). ROS-mediated
oxidative stress provokes oxidative damage, results in
neutrophil infiltration into the colonic mucosa. H,0, is a
major contributor to ROS-mediated oxidative stress (10-12).
H,0, is produced as a toxic by-product in living organisms
through the mitochondrial electron transport chain (ETC)
respiratory process (13). When H,0, is produced excessively
by aberrant cellular metabolism in intestinal epithelial cells,
H,0, can have an effect on damage of colonic barrier function
structures to induce UC (10). Furthermore, H,0,-induced
oxidative stress regulates the intracellular signaling pathway.
Representatively, nuclear factor-xB (NF-xB), a heteromeric
transcription factor, is activated by H,O, (14). NF-xB mediates
cell survival and inflammation via regulation of apoptotic genes
such as caspase-3 and anti-apoptotic genes such as Bel-2 (15).
Schisandra Chinensis fruits (SC) is widely used as a
traditional Asian medical plant for diarrhea. It has been
reported that SC has anti-ulcer, anti-hepatotoxic and anti-
neurotoxic activity (16-18). We also previously demonstrated
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inhibitory effects of aqueous extract from SC in dextransulfate
sodium (DSS)-induced colitis mouse model, but the molecular
mechanism has still not been identified (19). SC contains a
variety of pharmacologically active lignan components (20).

Deoxyschisandrin is one of the lignan components of SC.
It consists of dibenzocyclooctadiene which possesses hepato-
protective, neuroprotective, and antioxidant activities (21-24).
It was reported that deoxyschisandrin has neuroprotective
activity in glutamate-induced neurotoxicity. Deoxyschisandrin
attenuated the content of cellular peroxide and enhanced the
glutathione antioxidative defense system in rat cortical cells
(24).

In the present study, we investigated the effect of deoxy-
schisandrin on apoptotic cell death of intestinal epithelial cells
(HCT116) induced by H,0,. We attempted to identify the
molecular mechanisms. The study demonstrated that deoxy-
schisandrin suppresses H,O,-induced apoptotic cell death
through inhibition of the activities of NF-xB.

Materials and methods

Materials and cell culture. Deoxyschisandrin was purchased
from Chromadex (CA, USA). HCT116 cell line was incubated
in Dulbecco's modified Eagle's medium (DMEM) (Thermo
Scientific Hyclone, UT, USA) with penicillin (100 units/ml) -
streptomycin (100 pg/ml) (Welgene, Korea), and 10% fetal
bovine serum (Thermo Scientific Hyclone, UT, USA) at 37°C
under 5% CO, humidified air.

CCK-8 assay. To evaluate cell viability, we used CCK-8 cell
counting kit (Dojindo Molecular Technologies, MD, USA).
Cells were prepared in 96-well plates (5x10° cells/plate) to
treat H,0, or deoxyschisandrin. Absorbance was measured at
450 nm.

Determining early apoptosis and necrosis by flow cytometry.
For apoptosis and necrosis analysis of HCT116 cells, flow
cytometry assay was performed using FITC-labeled Annexin V
(BD Biosciences Parmingen, CA, USA) and propidium iodide
(PD) (Sigma Aldrich, Germany). Cells were seeded into 12-well
plates (4x10* cells/plate), and 24 h later, were treated with
H,0, and deoxyschisandrin in each concentration. After
treatment, cells were gently detached with Detachin
(Genlantis, CA, USA) and washed with PBS containing 0.1%
sodium azide. Cells were incubated with Annexin V (final
concentration, 1 yg/ml) for 15 min in the dark, washed one
more time, and suspended in PI (final concentration 5 pg/ml).
Stained cells were analyzed with a FACSCalibur flow cyto-
meter (BD Biosciences, CA, USA). A total 5x10° cells were
analyzed per sample.

Western blot analysis. To detect protein expression levels,
cells were detached using cell scrapers and washed with PBS.
Lysis buffer (Intron Biotech, Korea) was used to prepare
total cell lysates. Lysates were electrophoresed using 10-15%
SDS-PAGE and transferred to PVDF membranes (Amersham
Pharmacia Biotech, NJ, USA). Membranes were incubated with
blocking solution, containing a 1:1,000 dilution of anti-IxBa
(Santa Cruz Biotechnology, CA, USA), or anti-caspase-3 (Santa
Cruz Biotechnology, CA, USA) antibodies. Antibody of anti-
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Figure 1. Effects of deoxyschisandrin on the viability of HCT116 cells. Cells
were treated with deoxyschisandrin in various concentrations from 0.01 to
5 ug/ml for 24 h. Cell viability was determined using CCK-8 assay. Values
are presented as percent of control and results are the mean + SEM of
three independent experiments.
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Figure 2. Suppression of H,O, on the viability in HCT116 cells. Cells were
treated with H,O, in different concentrations (0-800 zM) for 24 h. Cell
viability was determined using CCK-8 assay. Values are represented as
percent of control and the results are the mean + SEM of three independent
experiments.

GAPDH (Epitomics, CA, USA) diluted 1:2,000 with blocking
solution was used as a loading control. Then, the membranes
were incubated with blocking solution containing a 1:10,000
dilution of horseradish peroxidase (HRP)-conjugated anti-
rabbit secondary antibodies (Amersham Pharmacia Biotech,
NJ, USA). An enhanced chemiluminescence detection kit
(Amersham Pharmacia Biotech, NJ, USA) was used to detect
the epitope on the proteins recognized by the specific antibody.

Immunofluorescent staining and nuclear staining. HCT116
cells were grown in culture slides for 24 h, and then treated
either with or without H,0, and deoxyschisandrin. After
treatment, cells were treated with 4% paraformaldehyde (PFA)
for 15 min. After washing 3 times, cells were blocked with
1% bovine serum albumin (BSA)-PBS for 3 h and incubated
with rabbit monoclonal NF-kB p65 antibody (Epitomics, CA,
USA) diluted 1:100 with 1% BSA-PBS overnight in 4°C.
Incubated cells were washed 3 times, and treated with FITC-
conjugated anti-rabbit secondary antibody (Santa Cruz Biotech,
Santa Cruz, CA, USA) diluted 1:200 with 1% BSA-PBS for
20 min. Then, cells were stained with DAPI solution for the
nuclei staining. The fluorescence and translocation of NF-xB
were evaluated by confocal laser scanning microscope (LSM
510 Meta, Carl Zeiss Co., Germany).
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Figure 3. Inhibitory effect of deoxyschisandrin on H,0,-induced apoptotic cell death in HCT116 cells. Cells were pretreated with deoxyschisandrin (1 yzg/ml) for
30 min and stimulated with H,O, (400 zM) for 4 h. Flow cytometry assay was performed with Annexin V and PI staining.

Results

Deoxyschisandrin has a cytotoxic effect in HCT116 cells. We
performed CCK-8 assay in human intestinal epithelial cell
line (HCT116) with deoxyschisandrin (Fig. 1). Deoxy-
schisandrin was treated with various concentrations for 24 h.
As a result, the cell viability was not affected up to 1 pg/ml
of deoxyschisandrin, whereas 5 pg/ml of deoxyschisandrin
decreased cell viability.

H.,0, induces apoptotic cell death. We examined the cytotoxic
effect of H,O, to investigate whether H,O, induces apoptosis
in HCT116 cells using CCK-8 assay (Fig. 2). Cell viability
was measured after treatment with various concentrations of
H,0, for 24 h. In an H,0, concentration-dependent condition,
cell viability decreased in over 400 yM of H,0,. When cells
were treated with 400 yuM of H,O, for 24 h, the viability of
cells was reduced to ~57% of control, whereas the viability of
cells treated with 800 yM of H,0, was significantly reduced
to 13% of control. Next, we confirmed H,O,-induced apoptotic
cell death in flow cytometry assay using co-staining with
Annexin V and PI (Fig. 3). Annexin V-FITC and PI fluorescent
intensity were increased in H,O,-treated cells more than H,O,-
non-treated cells. The percentage of apoptotic/necrotic cells
increased from 1.68% in H,O, non-treated control to 23.34%
in H,0, treated control.

Activation of caspase-3 has been shown to play a role in
oxidative stress-induced apoptotic-cell death (15). Therefore,
the examination of the effect of H,0O,-induced apoptosis
focuses on activation of caspase-3, we measured the cleavage
level of pro-caspase-3. We exposed cells to 400 M of H,0, at

various times (Fig. 4A). Expression of pro-caspase-3 was
time-dependently decreased. In the treatment of cells for 4 h,
expression level of pro-caspase-3 was highly decreased. It
reveals that caspase-3 was activated by stimulation of H,0,.
These findings support that H,O, induces apoptotic cell death
in the intestinal epithelial cell line.

Deoxyschisandrin inhibits H,O,-induced apoptotic cell death.
To determine whether deoxyschisandrin has an inhibitory
effect on H,0,-induced apoptotic cell death, we first analyzed
cell apoptosis using flow cytometry assay. FACS was used to
quantitatively determine and distinguish the percentage of
viable, apoptotic, and necrotic cells after pretreatment of
deoxyschisandrin (1 pg/ml) for 30 min and H,O, (400 pM)
treatment for 4 h (Fig. 3). The percentage of apoptotic/necrotic
cells pre-treated with deoxyschisandrin was significantly
attenuated up to 4.67% compared to H,O,-treated control. It
was similar with H,0, non-treated cells. This shows that
deoxyschisandrin can protect cells from H,0,-induced
apoptotic cell death. Furthermore, we detected activation of
caspase-3 in Western blot analysis (Fig. 4B). In cells treated
with deoxyschisandrin and H,0,, expression of pro-caspase-3
was higher than in just H,O,-treated cells. Therefore, activation
of caspase-3 was inhibited by deoxyschisandrin.

Deoxyschisandrin inhibits activation of NF-kB in stimulation
by H,0,. Oxidative stress by H,0, induces apoptotic cell
death. H,O, is known as a stimulant of NF-kB-translocation
from the cytoplasm to the nucleus. We examined whether
stimulation by H,O, activates NF-xB through detection of the
presence level for IkBa in cells (Fig. 5A). H,0O, (400 xM) was



404
A
Time (min)
0 30 60 120 240
Pro-caspase-3 | s S S S WS 3) KDa
GAPDH | qume s sl S S35 kDa
B
H,0, (400 pM) = - + +
Deoxyschisandrin (1 pg/ml) - + - +

Pro-caspase-] | e s— e o 1 L0,

GAPDH | s e e s | 35 kDa

Figure 4. Effects of H,O, (A) and deoxyschisandrin (B) on caspase-3
activation. Cells were treated with H,O, (400 #M) in a time-dependent

manner (A). Cells were pretreated with deoxyschisandrin (1 pg/ml) for
30 min and stimulated with H,O, (400 xM) for 4 h (B). Blots were
examined with anti-caspase-3 antibody.
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Figure 5. Effects of deoxyschisandrin on IkB degradation by H,O, exposure.
Cells were treated with H,0, (400 yM) in a time-dependent manner (A).

Cells were pretreated with deoxyschisandrin (1 pg/ml) for 30 min and
stimulated with H,O, (400 M) for 4 h (B). Blots were examined with anti-
IxBa antibody.
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Figure 6. Effects of deoxyschisandrin on NF-kB translocation by H,0O, exposure. Cells were treated with H,0, (400 xM) with or without deoxyschisandrin
(1 pg/ml) for 4 h. In order to perform NF-kB translocation analysis, cells were stained with FITC-conjugated anti-NF-xB antibody (green) and DAPI solution
(blue) for nuclei staining. Fluorescence was visualized using confocal laser scanning microscope.

treated in a time-dependent manner, and degradation level of
IxBa was detected using Western blot analysis. Degradation
of IxBa by phosphorylation was decreased from 60 min, and
significantly decreased after 4 h treatment with H,O,. This
result supports that H,O, induced the activation of NF-xB
through degradation of phosphorylated IxBa, inhibitor of
NF-xB. To determine the effect of deoxyschisandrin on
H,0,-induced NF-«B, cells were treated with deoxyschisandrin
(1 pg/ml) prior to H,0, (400 uM) stimulation (Fig. 5B).
Interestingly, cells treated with deoxyschisandrin before H,O,
treatment showed a similar expression level of IkBa with

non-stimulated cells. It showed that deoxyschisandrin
inhibited degradation of IxBa to prevent activation of NF-xB.

To confirm the nuclear translocation of the p65 subunit of
NF-kB, we performed an immunofluorescence assay (Fig. 6).
Subsequent to H,O, (400 M) exposure for 4 h, nuclear trans-
location of the NF-kB p65 subunit was confirmed. DAPI
staining was used to inspect the nucleus. In contrast,
treatment with deoxyschisandrin (1 xg/ml), which was
identified to have an inhibitory effect for degradation of IkBa,
inhibited translocation of the NF-kB p65 subunit from the
cytoplasm to the nucleus in HCT116 cells. These data suggest
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that deoxyschisandrin suppresses H,O,-induced apoptotic
cell death by inhibition of NF-xB.

Discussion

IECs are considered an important physical barrier in response
to many inflammatory stimuli in intestinal inflammation,
because most pro-inflammatory genes are expressed in the
activated IECs (3.,4). In IECs, it has been demonstrated that
ROS-induced oxidative stress is involved in the development
of IBD (8). Excess oxidative stress by H,0,, a major
contributor, induces infiltration of immune cells, and then,
immune cells activate NF-xB to produce pro-inflammatory
mediators such as tumor necrosis factor a (TNF-a) and pro-
apoptosis factors in IECs. Subsequently, the colonic tissue is
destroyed leading to UC with diarrhea and rectal bleeding.

In the present study, we identified whether deoxy-
schisandrin has an inhibitory effect on H,0,-induced apoptotic
cell death by stimulation in IECs. We exposed exogenous
H,0, (400 M) to HCT116. Apoptotic cell death was induced
time-dependently by H,0,. Caspase-3 is known as a central
component of the apoptosis machinery (25). We verified that
H,0,-induced apoptotic cell death was related to activation of
caspase-3. Interestingly, the percentage of apoptotic/necrotic
cells was significantly decreased with deoxyschisandrin
treatment in flow cytometry assay using Annexin V and PI.
Deoxyschisandrin attenuated activation of caspase-3 by H,0,
in IECs. In addition, NF-kB plays an essential role as a tran-
scriptional factor involved in inflammatory processes and
cell apoptosis. In the resting state, NF-kB is sequestered in
the cytoplasm in an inactive form by inhibitory protein IkB.
In response to oxidative stress by H,0,, IkB is phosphorylated
by IkB kinases (IKKs) and degraded by proteasomes (26-28).
NF-«B translocates subsequently to the nucleus in an active
form (26). We tried to clarify whether H,0O,-induced apoptotic
cell death is related to NF-kB in IECs. In stimulation by
H,0,, NF-kB was activated and translocated into the nucleus.
On the contrary, pretreatment with deoxyschisandrin inhibited
the activation and translocation of NF-xB by H,O, through
blocking degradation of IkBa. It is likely that deoxyschisandrin
prevents degradation of IkBa by the ubiquitin-proteasome
pathway to inhibit activation of NF-kB. Furthermore, these
results support our previous in vivo data that SC significantly
inhibited the development of UC in the mouse model (19).

When the balance between pro-inflammatory and anti-
inflammatory mediators is impaired, IBD breaks out. NF-kB
is a key factor in IBD including UC, because it regulates tran-
scriptional activity for various pro-inflammatory mediators like
TNF-q, interleukin-6 (IL-6), and interleukin-1 (IL-1) as well
as pro-apoptotic factors. Although exact mechanisms were
not identified, it has been reported that factors such as TNF act
to stimulate NF-kB for regulation of cell survival and pro-
apoptotic signaling in UC (29). In fact, the expression level of
NF-kB subunit p65 was increased in epithelial cells of UC (30).
Activation of NF-kB was significantly augmented in severe
intestinal inflammation (31). Furthermore, some therapeutic
drugs for IBD like sulfasalazine, methotrexate, cortico-
steroids and sucralfate were established to improve the anti-
inflammatory effect by inhibition of NF-kB activation (32-36).

405

In conclusion, we focused on oxidative stress as a patho-
genesis of UC. This study suggests that deoxyschisandrin may
be a useful therapeutic agent for oxidative stress-induced UC
through inhibiting activation of NF-xB. NF-«B is involved in
transcription of diverse genes. Therefore, further studies are
necessary to identify what kind of factors are mediated by
inhibitory effect of deoxyschisandrin for NF-kB activation in
ROS-induced oxidative stress manner in in vivo model.

Acknowledgements

This work was supported by grants from Jangsu Omija
Cluster in 2010.

References

1. Werner T and Haller D: Intestinal epithelial cell signalling and
chronic inflammation: From the proteome to specific molecular
mechanisms. Mutat Res 622: 42-57,2007.

2. Dotan I and Mayer L: Immunopathogenesis of inflammatory
bowel disease. Curr Opin Gastroenterol 18: 421-427, 2002.

3. McCormack G, Moriarty D, O'Donoghue DP, McCormick PA,
Sheahan K and Baird AW: Tissue cytokine and chemokine
expression in inflammatory bowel disease. Inflamm Res 50:
491-495,2001.

4. Dijkstra G, Moshage H, van Dullemen HM, et al: Expression of
nitric oxide synthases and formation of nitrotyrosine and reactive
oxygen species in inflammatory bowel disease. J Pathol 186:
416-421,1998.

5. Ukil A, Maity S, Karmakar S, Datta N, Vedasiromoni JR and
Das PK: Curcumin, the major component of food flavour
turmeric, reduces mucosal injury in trinitrobenzene sulphonic
acid-induced colitis. Br J Pharmacol 319: 209-218, 2003.

6. Hendrickson BA, Gokhale R and Cho JH: Clinical aspects and
pathophysiology of inflammatory bowel disease. Clin Microbiol
Rev 15: 79-94,2002.

7. Owczarek D, Cibor D, Szczepanek M and Mach T: Biological
therapy of inflammatory bowel disease. Pol Arch Med Wewn
119: 84-88,2009.

8. Grisham MB: Oxidants and free radicals in inflammatory bowel
disease. Lancet 344: 859-861, 1994.

9. Kaplan M, Mutlu EA, Benson M, Fields JZ, Banan A and
Keshavarzian A: Use of herbal preparations in the treatment of
oxidant-mediated inflammatory disorders. Complement Ther
Med 15: 207-216, 2007.

10. Pravda J: Radical induction theory of ulcerative colitis. World J
Gastroenterol 11: 2371-2384, 2005.

11. Verspaget HW, Elmgreen J, Weterman IT, Pefia AS, Riis P and
Lamers CB: Impaired activation of the neutrophil oxidative
metabolism in chronic inflammatory bowel disease. Scand J
Gastroenterol 21: 1124-1130, 1986.

12. Sedghi S, Fields JZ, Klamut M, et al: Increased production of
luminol enhanced chemiluminescence by the inflamed colonic
mucosa in patients with ulcerative colitis. Gut 34: 1191-1197,
1993.

13. Thannical VJ and Fanburg BL: Reactive oxygen species in cell
signaling. Am J Physiol Lung Cell Mol Physiol 279:
L1005-L1028, 2000.

14. Storz P: Reactive oxygen species in tumor progression. Front
Biosci 10: 1881-1896, 2005.

15. Kefaloyianni E, Gaitanaki C and Beis I: ERK1/2 and p38-MAPK
signaling pathways, through MSK1, are involved in NF-kappaB
transactivation during oxidative stress in skeletal myoblasts.
Cell Signal 18: 2238-2251, 2006.

16. Daniel EH, Juan LH and Georg W: Evaluation of the antiulcer
and antisecretory activity of extracts of Aralia elata root and
Schizandra chinensis fruit in the rat. J Ethnopharmacol 23:
109-114, 1998.

17. Long ZZ and Xie SS: Experimental study on the enhancement
of the immunosuppressive effect of cortisone by wurenchun, an
extract of Schizandra chinensis Baill. Zhong Xi Yi Jie He Za
Zhi 5: 361-362, 1985.

18. Kang CS, Tae J, Ham SH, Kim DK, Lee YM, Lee KS and
Yun YG: Administration of aqueous extract of Schizandra
chinensis fruit inhibits the experimental colitis in mice. Natural
Product Sci 13: 78-84, 2007.



406

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Zhu M, Lin KF, Yeung RY and Li RC: Evaluation of the
protective effects of Schisandra chinensis on Phase I drug
metabolism using a CCl4 intoxication model. J Ethnopharmacol
67: 61-68, 1999.

Choi YW, Takamatsu S, Khan SI, Srinivas PV, Ferreira D, Zhao J
and Khan IA: Schisandrene, a dibenzocyclooctadiene lignan
from Schisandra chinensis: structure-antioxidant activity
relationships of dibenzocyclooctadiene lignans. J Nat Prod 69:
356-359, 2006.

Lee IS, Jung KY, Oh SR, Park SH, Ahn KS and Lee HK:
Structure-activity relationships of lignans from Schisandra
chinensis as platelet activating factor antagonists. Biol Pharm
Bull 22: 265-267, 1999.

Kim SR, Lee MK, Koo KA, er al: Dibenzocyclooctadiene lignans
from Schisandra chinensis protect primary cultures of rat cortical
cells from glutamate-induced toxicity. J Neurosci Res 76:
397-405, 2004.

Panossian A and Wikman G: Pharmacology of Schisandra
chinensis Bail.: an overview of Russian research and uses in
medicine. J Ethnopharmacol 118: 183-212, 2008.

Fu M, Sun ZH, Zong M, He XP, Zuo HC and Xie ZP:
Deoxyschisandrin modulates synchronized Ca** oscillations and
spontaneous synaptic transmission of cultured hippocampal
neurons. Acta Pharmacol Sin 29: 891-898, 2008.

Li PF, Dietz R and von Harsdorf R: Differential effect of
hydrogen peroxide and superoxide anion on apoptosis and
proliferation of vascular smooth muscle cells. Circulation 96:
3602-3609, 1997.

Karin M and Ben-Neriah Y: Phosphorylation meets ubiquiti-
nation: the control of NF-[kappa]B activity. Annu Rev Immunol
18: 621-663, 2000.

Oliveira-Marques V, Marinho HS, Cyrne L and Antunes F: Role
of hydrogen peroxide in NF-kappaB activation: from inducer to
modulator. Antioxid Redox Signal 11: 2223-2243,2009.

Del Rio MJ and Velez-Pardo C: Monoamine neurotoxins-
induced apoptosis in lymphocytes by a common oxidative stress
mechanism: involvement of hydrogen peroxide (H(2)O(2)),
caspase-3, and nuclear factor kappa-B (NF-kappaB), p53, c-Jun
transcription factors. Biochem Pharmacol 63: 677-688, 2002.

29.

30.

31.

32.

33.

34.

35.

36.

GU et al: INHIBITORY EFFECT OF DEOXYSCHISANDRIN FOR H,0,-INDUCED APOPTOSIS

Earnshaw WC, Martins LM and Kaufmann SH: Mammalian
caspases: structure, activation, substrates, and functions during
apoptosis. Annu Rev Biochem 68: 383-424, 1999.

Frey MR, Edelblum KL, Mullane MT, Liang D and Polk DB:
The ErbB4 growth factor receptor is required for colon epithelial
cell survival in the presence of TNF. Gastroenterology 136:
217-226,2009.

Neurath MF, Pettersson S, Meyer zum Buschenfelde KH and
Strober W: Local administration of antisense phosphorothioate
oligo-nucleotides to the p65 subunit of NF-kappa B abrogates
established experimental colitis in mice. Nat Med 2: 998-1004,
1996.

Rogler G, Brand K, Vogl D, et al: Nuclear factor kappaB is
activated in macrophages and epithelial cells of inflamed
intestinal mucosa. Gastroenterology 115: 357-369, 1998.
Majumdar S and Aggarwal BB: Methotrexate suppressed
NF-kappaB activation through inhibition of IkappaBalpha
phosphorylation and degradation. J Immunol 167: 2911-2920,
2001.

Weber CK, Liptay S, Wirth T, Adler G and Schmid RM:
Suppression of NF-kappaB activity by sulfasalazine is mediated
by direct inhibition of IkappaB kinases alpha and beta.
Gastroenterology 119: 1209-1218, 2000.

Shindo K, lizuka M, Sasaki K, Konno S, Itou H, Horie Y and
Watanabe S: Sucralfate prevents the delay of wound repair in
intestinal epithelial cells by hydrogen peroxide through NF-
kappaB pathway. J Gastroenterol 41: 450-461, 2006.

Kim JM, Kang HW, Cha MY, er al: Novel guggulsterone
derivative GG-52 inhibits NF-kappaB signaling in intestinal
epithelial cells and attenuates acute murine colitis. Lab Invest
Mar 2010. (Epub ahead of print).



