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» ABSTRACT

« Top
Sanguinarine, derived from the root of Sanguinaria canadendid, has been shown to - ABSTRACT

L . . . . + INTRODUCTION
possess antimicrobial, anti-inflammatory, and antioxidant properties. Here we compared MATERIALSAND METHODS

the antiproliferative and apoptotic potential of sanguinarine against human epidermoid
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carcinoma (A431) cells and normal human epidermal keratinocytes (NHEKS). + RESULTSAND DISCUSSION
Sanguinarine treatment was found to result in a dose-dependent decrease in the viability =~ ¥ REFERENCES

of A431 cellsaswell as NHEKs albeit at different level s because sanguinarine-mediated

loss of viability occurred at lower doses and was much more pronounced in the A431 carcinoma cells than in the normal
keratinocytes. DNA ladder assay demonstrated that compared to vehicle-treated control, sanguinarine treatment of A431 cells
resulted in an induction of apoptosis at 1-, 2-, and 5-uM doses. Sanguinarine treatment did not result in the formation of a
DNA ladder in NHEKS, even at the very high dose of 10 uM. The induction of apoptosis by sanguinarine was also evident by
confocal microscopy after 1abeling the cells with annexin V. This method also identified necrotic cells, and sanguinarine
treatment also resulted in the necrosis of A431 cells. The NHEK s showed exclusively necrotic staining at high doses (2 and 5
HUM). We also explored the possibility of cell cycle perturbation by sanguinarine in A431 cells. The DNA cell cycle analysis
revealed that sanguinarine treatment did not significantly affect the distribution of cells among the different phases of the cell

cyclein A431 cells. We suggest that sanguinarine could be developed as an anticancer drug.

» INTRODUCTION

a Top
The search for novel anticancer drugs continues. Agents that can eliminate the cancerous a ABSTRACT
= INTRODUCTION
+ MATERIALSAND METHODS
therapeutic advantage for the elimination of cancer cells. In the present study, we provide = + RESUL TS AND DISCUSSION

evidence that sanguinarineis a potential antiproliferative agent that can be developedasa ™ REFERENCES
potential agent for skin cancer. Sanguinarine (13-methyl
[1,3]benzodioxol o[ 5,6-c]-1,3-dioxol o[4,5-i] phenanthridinium; Fig. 1+ ), which is derived from the root of Sanguinaria

cellsviaaprogrammed cell death but do not affect the normal cells may have a

canadendid and other poppy fumaria species, is a benzophenanthridine alkaloid and a structural homologue of chelerythrine
(Ref. 1 and the references therein). Sanguinarine has been shown to possess antimicrobial, antioxidant, and anti-inflammatory
properties (Ref. 1 and the references therein). A recent study has shown that sanguinarine is a potent inhibitor of the activation
of nuclear transcription factor NF-xB2 (1) , which has been implicated to play akey rolein the regulation of cell growth, cell
cycleregulation, and apoptosis. The antitumor properties of this alkaloid are not well established.

Fig. 1. Structure of sanguinarine.
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At present, only afew agents are known to possess the potential for selective/preferentia elimination of cancer cells without
affecting the normal cells (2, 3) . Thisstudy provides the first evidence that sanguinarine, at micromolar concentrations,
imparts a cell growth-inhibitory response in human squamous carcinoma (A431) cells viaan induction of apoptosis. In sharp
contrast, NHEK s do not show any evidence of apoptosis but undergo necrotic cell death on treatment with higher
concentrations of sanguinarine. We suggest that by modulating apoptotic machinery, sanguinarine may be able to affect the
steady-state cell population and thus possesses a potential for development as an agent against skin cancer and possibly against
other cancer types as well.
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4 MATERIALSAND METHODS

; ~ Top
Materials. « ABSTRACT
Sanguinarine was obtained from Sigma Chemical Co. (St. Louis, MO). The human a INTRODUCTION

: : . . « MATERIALSAND METHODS
squamous carcinoma cells (A431) were obtained from American Type Culture Collection RESUL TS AND DISCUSSI ON

(Manassas, VA). NHEK s were prepared from human foreskin using standard procedures | + REFERENCES

(2) . A431 cellswere cultured in DMEM (Life Technologies, Inc., Grand Island, NY)

supplemented with 10% fetal bovine serum and

1% penicillin-streptomycin. NHEK s were maintained in keratinocyte-serum-free medium (Life Technologies, Inc.)

supplemented with L-glutamine, epidermal growth factor, and bovine pituitary extract. The cells were maintained at 37°C/5%
CO2 in ahumid environment.

Cédll Viability.
The cells were grown to 70% confluence and treated with sanguinarine (0.25, 0.50, 1, 2, 5, and 10 uM) for 24 h, and the cell
viability was determined by trypan blue exclusion assay.

DNA Fragmentation Assay.

The cells were grown to about 70% confluence and treated with sanguinarine (0.25, 0.50, 1, 2, 5, and 10 uM) for 24 h. After
the treatments, cells were washed twice with PBS[10 mM PBS (pH 7.2)], suspended in 1 ml of cytoplasm extraction buffer [10
mM Tris (pH 7.5), 150 mM NaCl, 5 mM MgCl2, and 0.5% Triton X-100], left onice for 15 min, and pelleted down by
centrifugation (14,000 x g) at 4°C. The pellet was incubated with DNA lysis buffer [10 mM Tris (pH 7.5), 400 mM NaCl, 1
mM EDTA, and 1% Triton X-100] for 20 min on ice and then centrifuged at 14,000 x g at 4°C. The supernatant obtained was
incubated overnight with RNase (0.2 mg/ml) at room temperature and then incubated with proteinase K (0.1 mg/ml) for 2 h at
37°C. DNA was then extracted using phenol:chloroform (1:1) and precipitated with 95% ethanol for 2 h at -80°C. The DNA
precipitate was centrifuged at 14,000 x g at 4°C for 15 min, and the pellet was air-dried and dissolved in 20 pl of TrisEDTA
buffer [10 mM Tris-HCI (pH 8.0) and 1 mM EDTA]. The total amount of DNA was resolved over a 1.5% agarose gel
containing 0.3 pg/ml ethidium bromidein 1x TBE buffer [(pH 8.3); 89 mM Tris, 89 mM boric acid, and 2 mM EDTA,;
BioWhittaker, Walkersville, MD). The bands were visualized under an UV trans-illuminator, followed by Polaroid

photography.

Detection of Apoptosisand Necrosis by Confocal Microscopy.

The ApopNexin apoptosis detection kit (Oncor, Gaithersburg, MD) was used for the detection of apoptotic and necrotic cells.
This kit uses a dual-staining protocol in which the apoptotic cells are stained with annexin V (green fluorescence), and the
necrotic cells are stained with Pl (red fluorescence). Briefly, the A431 cells and NHEK s were grown to about 70% confluence
and then treated with sanguinarine (0.25, 0.50, 1, 2, 5, and 10 uM) for 24 h. Apoptosis and necrosis were detected by the kit
according to the vendor’ s protocol. The fluorescence was measured by a Zeiss 410 confocal microscope (Thornwood, NY).
Confocal images of green annexin-FITC fluorescence were collected using 488 nm excitation light from an argon/krypton
laser, a 560 nm dichroic mirror, and a 514-540 nm bandpass barrier filter. Images of red Pl fluorescence were collected using a
568 nm excitation light from the argon/krypton laser, a 560 nm dichroic mirror, and a 590 nm long pass filter. In a selected
field, the cells stained with annexin V and Pl as well as unstained cells were counted to ascertain the extent of apoptosis and
Necrosis.

DNA Ceéll Cycle Analysis and Quantification of Apoptosis.
The cells (70% confluence) were serum-starved for 36 h to synchronize them in the Gg phase of the cell cycle, and then they
were treated with sanguinarine (0.25, 0.50, 1, 2, 5, and 10 uM) for 24 h. The cells were then trypsinized, washed twice with
cold PBS, and centrifuged. The pellet was resuspended in 50 ul of cold PBS and 450 ul of cold methanol for 1 h at 4°C. The
cellswere centrifuged at 1100 rpm for 5 min, pellet-washed twice with cold PBS, suspended in 500 pl of PBS, and incubated
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with 5 ml of RNase (20 pg/ml, final concentration) for 30 min. The cells were chilled over ice for 10 min, stained with Pl (50
pg/ml, final concentration) for 1 h, and analyzed by flow cytometry.

4 RESULTSAND DISCUSSION

a Top
In the present study, we evaluated sanguinarine as a potential agent for possible a ABSTRACT
development as an anticancer drug. The rationale for the selection of sanguinarine for this : :\/II\I,I'II'QSSIXE-IS—IEI\II\ID METHODS
study istwofold: (a) the antioxidant and anti-inflammatory properties of thisplant-based | . RESULTSAND DISCUSSION
alkaloid are well documented (1, 4, 5, 6) , and certain compounds such as v REFERENCES
epigallocatechin-3-gallate and curcumin that possess similar properties are believed to
prevent the development of cancer (2, 7, 8, 9, 10, 11) ; and (b) arecent study has shown that sanguinarine also functions as a
potent inhibitor of the oxidant- and/or tumor promoter-mediated activation of NF-xB in acell culture system (1) . NF-«B isa
widely distributed pleiotropic nuclear transcription factor that is known to regulate the expression of genes encoding cytokines,
cellular adhesion molecules, and growth factors (1) . Studies have indicated that NF-«B promotes cell survival by inhibiting
apoptosis. Recently, it has been shown that the down-modulation of NF-«B activity in the cytosol and nucleus is associated
with an apoptotic response of the eukaryotic cells (12) . In recent years, NF-xB has been increasingly appreciated as a target

for anticancer drug development (13) .

In this study, to evaluate the antiproliferative response of sanguinarine, we used the human squamous carcinoma (A431) cells
as model cancer cells and the NHEK s as normal cells. We first determined the effect of sanguinarine on the viability of A431
cellsand NHEKSs. As shown by datain Fig. 2A+ sangui-narine treatment resulted in a dose-dependent decrease in the viability
of both cell types, albeit at different levels. A striking observation from this data was that in the A431 cells,
sanguinarine-mediated |oss of viability occurred at lower doses and was much more pronounced than in the NHEKS. This
observation suggested a differential response of sanguinarine to cancer cells as compared to normal cells.

Fig. 2. A, effect of sanguinarine on the cell viability of A431 cellsand NHEKS. The
cells were treated with specified concentrations of sanguinarine for 24 h, and the
number of viable cells was counted using the trypan blue exclusion assay. The cell
viability is presented as the percentage of viable cells (the cell viability of
vehicle-treated cells was regarded as 100%). The data represent the mean + SE of
three experiments done in triplicate. B, DNA fragmentation by sanguinarinein
A431 cellsand NHEKSs. The cells were treated with vehicle or with the specified
View larger version (33K):  concentrations of sanguinarine, and 24 h |ater, the cells were collected, and the

[in this window] cellular DNA was isolated and subjected to agarose gel electrophoresis, followed

[in a new window] by visualization of bands and Polaroid photography as described previously (2,

18) . The data shown here are from a representative experiment repeated three
times in which early-passage A431 cells and different batches of NHEK s obtained
from different individuals were used.

We next investigated whether sanguinarine-mediated loss of viability in A431 cellsand NHEK s is aresult of apoptosis. We
first evaluated the induction of apoptosis by sanguinarine viathe classical DNA ladder assay. Compared to the vehicle-treated
control, sanguinarine treatment of A431 cells resulted in an induction of apoptosis at 1-, 2-, and 5-uM doses (Fig. 2B),= as
evidenced by the formation of internucleosomal DNA fragments. At low doses of 0.1, 0.25, and 0.50 puM, no evidence of
apoptosis was observed. It was interesting and important to observe that sanguinarine treatment did not result in the formation
of aDNA ladder in NHEKS, even at the very high dose of 10 uM (data not shown).

The induction of apoptosis by sanguinarine was also evident from the analysis of data obtained by confocal microscopy after
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labeling the cellswith annexin V (Fig. 3, A and B)= . We used this method because it identifies the apoptotic (green
fluorescence) as well as necrotic (red fluorescence) cells. As shown by the datain Fig. 3, A and Bx , sanguinarine treatment
resulted in dose-dependent apoptosisin A431 cells. These data also indicated that sanguinarine treatment also resulted in
necrosis of A431 cells. These observations suggest the existence of two intriguing possibilities for the mechanism of
sanguinarine action: (a) sanguinarine may cause both apoptosis and necrosis of A431 cells; and (b) the apoptosis induced by
sanguinarine is preceded by a secondary necrosisin A431 cells. Interestingly, on the other hand, no apoptotic morphology was
seen in the NHEKSs, which showed exclusively necrotic staining, but only at the high doses of 2 and 5 uM. Asshown in Fig.
3B+ the vehicle-treated control as well asthe low-dose (0.25, 0.5, and 1 uM) sanguinarine did not cause any alteration in the
nuclear morphology of NHEKs. However, at adose of 2 uM, asmall number of cells (mean = SE, 10.8 £ 0.8% necrotic cells)
were necrotic, and significant necrosis (mean + SE, 38.3 + 2.7% necrotic cells) was observed only at the highest dose (5 uM).
In recent years, apoptosis has become an important issue in biomedical research. The life-span of normal cellsaswell as
cancer cellswithin aliving systemis regarded to be significantly affected by the rate of apoptosis. Because apoptosisis a
discrete manner of cell death that differsfrom necrotic cell death and is regarded as an ideal way to eliminate damaged cells,
agents that can modulate apoptosis may be used for the management and therapy of cancer by modulating the steady-state cell
population. A vast variety of the chemotherapeutic agents currently used in cancer therapy are shown to kill the cells by
mechanisms other than apoptosis. This may not always be a preferable form of cancer management. In recent years, many
chemotherapeutic and chemopreventive agents have been shown to impart antiproliferative effects viaan arrest of cells at
certain checkpointsin the cell cycle (2, 14, 15, 16) . Similarly, the concept of "cell cycle-mediated apoptosis” is also gaining
increasing attention, and the anticancer properties of certain agents, are believed to function viathis pathway (2, 17, 18) .
Therefore, we explored the possibility of cell cycle perturbation by sanguinarine in A431 cells. The DNA cell cycle analysis
revealed that sanguinarine treatment did not significantly affect the distribution of cells among the different phases of the cell
cyclein A431 cells (data not shown). This method is also believed to be a sensitive tool to distinguish between apoptotic and
necrotic cell death. A "sub-G1 " peak in a DNA histogram determined by flow cytometry is considered to be a hallmark of
apoptotic cell death. This method provided additional evidence that sanguinarine treatment of A431 cellsresulted in
dose-dependent apoptosis. Consistent with the confocal microscopic data (Fig. 3B),+ as shown in Fig. 3C;+ DNA cell cycle
analysis by flow cytometry also revealed that sanguinarine treatment of A431 cells resulted in dose-dependent apoptosis.

0 P Fig. 3. A, morphological changesin A431 cells and in NHEKS after sanguinarine

A . F treatment as evidenced by confocal microscopy. The ApopNexin apoptosis
.. ' detection kit (Oncor) was used for the detection of apoptotic and necrotic cells.

= This kit uses a dual-staining protocol in which the apoptotic cells are stained with
e e e e e = | @NNEXIN'V (green fluorescence), and the necrotic cells are stained with Pl (red
fluorescence). Apoptosis and necrosis were detected by the kit according to the
vendor’s protocol. The fluorescence was measured by a Zeiss 410 conf ocal
View larger version (22K):  microscope. Confocal images of green annexin-FITC fluorescence were collected
[in this window] using 488 nm excitation light from an argon/krypton laser, a 560 nm dichroic

[in a new window] mirror, and a 514-540 nm bandpass barrier filter. Images of red PI fluorescence
were collected using a 568 nm excitation light from an argon/krypton laser, a 560
nm dichroic mirror, and a 590 nm long pass filter. The data shown here are from a
representative experiment repeated three times (in triplicate) with similar results. B,
extent of apoptosis and necrosis mediated by sanguinarine in A431 cells and
NHEKSs. After confocal microscopy, the cells stained with annexin V and PI as
well as the unstained cellsin a sel ected microscopic field were counted, and the
data are presented as a percentage of the total number of cells. The data represent
the mean = SE of three experiments donein triplicate. C, DNA cell cycle analysis.
The cells were treated with vehicle or specified doses of sanguinarine for 24 h and
analyzed by flow cytometry. The percentage of cellsin sub-G1 (apoptotic cells),
Go-G1, Sphase, and G2-M phase was calculated using Cellfit computer software.
The percentage of apoptotic cellsis presented within the histograms. The data
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shown here are from a representative experiment repeated three times with less
than 10% variation.

Lastly, to investigate whether the apoptotic response of sanguinarine isspecific only to A431 cells, we followed the induction
of apoptosis in other human cancer cell types. We found that the apoptotic response of sanguinarine was not limited only to the
A431 cells because similar treatment also resulted in the apoptotic cell death of other human cancer cell types, i.e.,
androgen-responsive human prostate (LNCaP) carcinoma cells and androgen-unresponsive human prostate carcinoma (PC-3
and DU145) cells (data not shown).

Taken together, the results of this study suggest that by modulating apoptosis, sanguinarine may be able to affect the
steady-state cell population and thus possesses a potential for development as an agent for cancer chemotherapy. To our
knowledge, thisisthe first systematic study showing the cancer therapeutic potential of sanguinarine, and the induction of
apoptosisin cancer cells by this alkaloid. However, determining the exact mechanism(s) of apoptosis will require a detailed
exploration of genetic and signal transduction pathways. Based on the published study (1) , the involvement of the NF-xB
pathway could be viewed as a mechanism of sanguinarine-mediated apoptosisin cancer cells. However, additional studies are
needed to unravel the differential response of sanguinarine in cancer cells versus normal cells. Also, to establish a broader
implication, additional studies are needed to verify these data in other normal cells and cancer cell types and to assess the
effectiveness of sanguinarinein an in vivo model system.

» FOOTNOTES

The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be
hereby marked advertisement in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

1 Supported in part by NIH Grant CA 78809. N. A. istherecipient of a Research Career Development Award from the
Dermatology Foun-dation.

2 Towhom requests for reprints should be addressed, at Department of Dermatology, Case Western Reserve University, 11100
Euclid Avenue, Cleveland, OH 44106. Phone: &5+ (216) 368-1127 _ ; Fax: (216) 368-0212; E-mail: hxm4@po.cwru.edu. &

3 The abbreviations used are: NF-«B, nuclear factor «B; NHEK, normal human epidermal keratinocyte; PI, propidium iodide.
a

Received 10/ 4/99; revised 1/ 4/00; accepted 1/ 4/00.

» REFERENCES

~ Top

1. Chaturvedi M. M., Kumar A., Darnay B. G., Chainy G. B. N., Agarwal S., : %TION
Aggarwal B. B. Sanguinarine (pseudochelerythrine) is a potent inhibitor of NF-xB | MATERIALSAND METHODS
activation, 1xBa phosphorylation, and degradation. J. Biol. Chem., 272: 4 RESULTSAND DISCUSSION
30129-30134, 1997.[Abstract/Free Full Text] » REFERENCES

2. Ahmad N., Feyes D. K., Nieminen A-L., Agarwal R., Mukhtar H. Green tea
constituent epigallocatechin-3-gallate and induction of apoptosis and cell cycle
arrest in human carcinomacells. J. Natl. Cancer Inst., 89: 1881-1886,
1997.[Abstract/Free Full Text]

3. Donnerstag B., Ohlenschlager G., Cinatl J., Amrani M., Hofmann D., Flindt S., Treusch G., Trager L. Reduced
glutathione and S-acetylglutathione as sel ective apoptosis-inducing agents in cancer therapy. Cancer Lett., 110: 63-70,
1996.[CrossRef][Medling]

4. VavreckovaC., Gawlik I., Muller K. Benzophenanthridine alkaloids of Chelidonium majus. 1. Inhibition of 5- and
12-lipoxygenase by a non-redox mechanism. Planta Med., 62: 397-401, 1996.[Medline]

60f 9 5/30/2008 6:48 PM




o N

10.

11.

12.

13.

14.

15.

16.

17.

18.

Firatli E., Unal T., Onan U., Sandalli P. Antioxidative activities of some chemotherapeutics. A possible mechanism in
reducing gingival inflammation. J. Clin. Periodontol., 21: 680-683, 1994.[ CrossRef][Medling]

Mandel |. D. Chemotherapeutic agents for controlling plague and gingivitis. J. Clin. Periodontol., 15: 488-498,
1988.[CrossRef][Medling]

Mukhtar H., Katiyar S. K., Agarwal R. Green tea and skin anticarcinogenic effects. J. Invest. Dermatol., 18: 3-7, 1992.
Ahmad N., Katiyar S. K., Mukhtar H. Cancer chemoprevention by tea polyphenols loannides C. eds. . Nutrition and
Chemical Toxicity, : 301-343, John Wiley & Sons Ltd. West Sussex, United Kingdom 1998.

. Kdloff G. J,, Boone C. W., Crowell J. A., Steele V. E., Lubet R. A., Doody L. A., MaoneW. F., Hawk E. T., Sigman

C. C. New agents for cancer chemoprevention. J. Cell. Biochem., 26(Suppl.): 1-28, 1996.

Stoner G. D., Mukhtar H. Polyphenols as cancer chemopreventive agents. J. Cell. Biochem., 22(Suppl.): 169-180,
1995.[CrossRef

Satoskar R. R., Shah S. J., Shenoy S. G. Evaluation of anti-inflammatory property of curcumin (diferuloylmethane) in
patients with postoperative inflammation. Int. J. Clin. Pharmacol. Ther. Toxicol., 24: 651-654, 1986.[Medling]
Krishnamoorthy R. R., Crawford M. J., Chaturvedi M. M., Jain S. K., Aggarwa B. B., Al-Ubaidi M. R., Agarwal N.
Photo-oxidative stress down-modul ates the activity of nuclear factor-«B viainvolvement of caspase-1, leading to
apoptosis of photoreceptor cells. J. Biol. Chem., 274: 3734-3743, 1999.[ Abstract/Free Full Text]

Neumann M., Marienfeld R., Serfling E. Rel/NF-«

B transcription factors and cancer: oncogenesis by dysregulated transcription. Int. J. Oncol., 11: 1335-1347, 1997.
FesusL., Szondy Z., Uray |. Probing the molecular program of apoptosis by cancer chemopreventive agents. J. Cell.
Biochem., 22(Suppl.): 151-161, 1995.

JangM. C,, Yang-YenH. F.,, Yen J. J. Y., Lin J. K. Curcumin induces apoptosis in immortalized NIH 3T3 and
malignant cancer cell lines. Nutr. Cancer, 26: 111-120, 1996.[Medlin€]

Reddy B. S., Wang C. X., SamahaH., Lubet R., Steele V. E., Kelloff G. J., Rao C. V. Chemoprevention of colon
carcinogenesis by dietary perillyl alcohol. Cancer Res., 57: 420-425, 1997.[ Abstract/Free Full Text]

LiuM., Pelling J. C., Ju J., Chu E., Brash D. E. Antioxidant action via p53-mediated apoptosis. Cancer Res., 58:
1723-1729, 1998.[Abstract/Free Full Text]

Ahmad N., FeyesD. K., Agarwal R., Mukhtar H. Photodynamic therapy results in induction of WAF1/CIP1L/P21 leading
to cell cycle arrest and apoptosis. Proc. Natl. Acad. Sci. USA, 95: 6977-6982, 1998.[ Abstract/Free Full Text]

Thisarticle has been cited by other articles:

_ancer Research » HOME

A. R. Hussain, N. A. Al-Jomah, A. K. Siraj, P. Manogaran, K.
Al-Hussein, J. Abubaker, L. C. Platanias, K. S. Al-Kuraya, and S.
uddin

Sanguinarine-Dependent Induction of Apoptosis in Primary
Effusion Lymphoma Cells

Cancer Res., April 15, 2007; 67(8): 3888 - 3897.

[Abstract] [Full Text] [PDF]

FHOME

S. Hallock, S.-C. Tang, L. Maximilian Buja, B. F. Trump, A. Liepins,
and P. Weerasinghe
Aurintricarboxylic Acid Inhibits Protein Synthesis

Independent, Sanguinarine-Induced Apoptosis and Oncosis
Toxicol Pathol, February 1, 2007; 35(2): 300 - 309.
[Abstract] [PDF]

70f9

Clinical Cancer Research » HOME

K. W. Yip, X. Mao, P.Y. B. Au, D. W. Hedley, S. Chow, S. Dalili, J. D.
Mocanu, C. Bastianutto, A. Schimmer, and F.-F. Liu
Benzethonium Chloride: A Novel Anticancer Agent lIdentified
by Using a Cell-Based Small-Molecule Screen.

Clin. Cancer Res., September 15, 2006; 12(18): 5557 - 5569.
[Abstract] [Full Text] [PDF]

5/30/2008 6:48 PM



e _cncer Research * HOME

Research

J. Huh, A. Liepins, J. Zielonka, C. Andrekopoulos, B. Kalyanaraman,
and A. Sorokin

Cyclooxygenase 2 Rescues LNCaP Prostate Cancer Cells from
Sanguinarine-Induced Apoptosis by a Mechanism Involving
Inhibition of Nitric Oxide Synthase Activity.

Cancer Res., April 1, 2006; 66(7): 3726 - 3736.

[Abstract] [Full Text] [PDF]

i-".:

—mal Molecular Cancer Therapeutics » HOME
""" s. Reagan-Shaw, J. Breur, and N. Ahmad

' l Enhancement of UVB radiation-mediated apoptosis by
i sanguinarine in HaCaT human immortalized keratinocytes.

Mol. Cancer Ther., February 1, 2006; 5(2): 418 - 429.
[Abstract] [Full Text] [PDF]

Molecular Cancer Therapeutics » HOME

V. M. Adhami, M. H. Aziz, S. R. Reagan-Shaw, M. Nihal, H. Mukhtar,
and N. Ahmad

Sanguinarine causes cell cycle blockade and apoptosis of
human prostate carcinoma cells via modulation of cyclin
kinase inhibitor-cyclin-cyclin-dependent kinase machinery
Mol. Cancer Ther., August 1, 2004; 3(8): 933 - 940.

[Abstract] [Full Text] [PDF]

Clinical Cancer Research » HOME
V. M. Adhami, M. H. Aziz, H. Mukhtar, and N. Ahmad

Activation of Prodeath Bcl-2 Family Proteins and
Mitochondrial Apoptosis Pathway by Sanguinarine in
Immortalized Human HaCaT Keratinocytes

Clin. Cancer Res., August 1, 2003; 9(8): 3176 - 3182.

[Abstract] [Full Text] [PDF]

Proceedings of the National Academy of Sciences »HOME

S. Gupta, K. Hastak, N. Ahmad, J. S. Lewin, and H. Mukhtar
Inhibition of prostate carcinogenesis in TRAMP mice by oral
infusion of green tea polyphenols

PNAS, August 10, 2001; (2001) 171326098.

[Abstract] [Full Text] [PDF]

Proceedings of the National Academy of Sciences »HOME

S. Gupta, K. Hastak, N. Ahmad, J. S. Lewin, and H. Mukhtar
Inhibition of prostate carcinogenesis in TRAMP mice by oral
infusion of green tea polyphenols

PNAS, August 28, 2001; 98(18): 10350 - 10355.

[Abstract] [Full Text] [PDF]

8of 9

This Article

F Abstract FREE

F Full Text (PDF)

F Alert me when this article is cited

F Alert me if a correction is posted

Services

F Similar articles in this journal

F Similar articles in PubMed

5/30/2008 6:48 PM



F Alert me to new issues of the journal

HOME|HELP | FEEDBACK]SUBSCRIPTIONSJARCHIVE|SEARCH|TABLE OF CONTENTS
-- -- F Download to citation manager

Cancer Epidemiology Biomarkers & Prevention | Molecular Cancer Therapeutics -
Citing Articles

Molecular Cancer Research Cancer Prevention Research
Cancer Prevention Journals Portal Cancer Reviews Online F Citing Articles via HighWire

F Citing Articles via Google Scholar

Google Scholar

F Articles by Ahmad, N.
F Articles by Mukhtar, H.
F Search for Related Content

PubMed

¥ PubMed Citation
F Articles by Ahmad, N.
F Articles by Mukhtar, H.

Annual Meeting Education Book Cell Growth & Differentiation

90f 9 5/30/2008 6:48 PM



