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ABSTRACT
Colorectal cancer (CRC) is a third most common of cancer in worldwide. A predictable mechanism for the
development of CRC is an imbalance between cell renewal and cell death. Luteolin (LUT) is a bioflavonoid, has
many beneficial effects such as antioxidant, anti-proliferative and anti-inflammatory. A novel approach is to develop
a drug is to induce apoptosis. In this present study is to evaluate the apoptotic inducing property of LUT in
Azoxymethane (AOM)-induced CRC in Balb/c mice. The levels of lysosomal enzymes were analyzed. Induction with
AOM increased the levels of lysosomal enzymes and subsequent administration with LUT decreased the levels of
lysosomal enzymes. Expression of Bax, Bcl2 and caspase3 were analyzed. LUT administration increases the
expressions of Bax and caspase 3 and decreased the expression of Bcl2. At this juncture, LUT act as a strong
chemotherapeutic agent by modulating lysosomal enzymes and inducing apoptosis.
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INTRODUCTION
Colorectal cancer (CRC) is the third most common cancer in men (663,000 cases, 10.0% of the total cancers) and
the second in women (570,000 cases, 9.4% of the total cases) worldwide [1]. Limited data from the rural population
based registries indicate that the incidence rate of CRC is very low in the rural settings. However the incidence rates
of rectal cancer is disproportionately higher in rural India [2].
A predictable mechanism for the development of CRC is an imbalance between cell renewal and cell death, with
proliferation being favored. A balance between new and old cells maintains organ size and colonic crypt structure
[3]. Tumor growth depends not only on the rate of proliferation but also on the rate of apoptosis. For instance, Bcl-2
expression decreases upward along the crypts of normal colonic epithelium with the highest expression at the base
and minimal amounts at the tip of the crypt [4]. This indicates the need to prevent programmed death to allow cell
division at base of the crypts but stimulation of apoptosis as the cell matures and ages along the colonic crypt.
Programmed cell death (PCD) is usually mediated through apoptosis, which is positively or negatively regulated by
various extracellular factors. It has been demonstrated that a wide range of anti-cancer and chemopreventive agents
induce apoptosis in malignant cells in vitro.
Apoptosis is characterized by cell shrinkage, chromatin condensation, DNA fragmentation, and the activation of
specific cysteine proteases known as caspases. Caspases, play a critical role during apoptosis. There are at least two
major mechanisms by which a caspase cascade resulting in the activation of effector caspase-3 may be initiated by
the most apical caspase, one involving caspase-8 and the other involving caspase-9 [5,6]. The Bcl-2 family consists
of more than 30 proteins, which can be divided into three subgroups: Bcl-2-like survival factors, Bax-like death
factors, and BH3-only death factors. Residues from BH1, 2, and 3 form a hydrophobic groove, with which BH3only death factors interact through their BH3-domain, whereas the N-terminal BH4-domain stabilizes this pocket
[7].
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Cancer chemoprevention is a new promising strategy for cancer prevention by the use of either synthetic or naturally
occurring chemicals to inhibit, reverse or retard tumor formation [8, 9]. There are a large number of phytochemicals
present in our day today diets have shown antimutagenic and anticarcinogenic effects in numerous animal and cell
culture systems [10-12]. However, epidemiological studies suggest that active agents found in the diet might reduce
or increase the relative risk of cancer development [13].
Flavonoids are important phytochemicals characterized by a common benzo-γ-pyrone chemical structure and found
widely in different plants, especially in genus Citrus [14, 15]. Luteolin, (3’,4’,5,7-tetrahydroxyflavone) is a
common dietary flavonoid can be found in a variety of vegetables, fruits, and medicinal herbs [16](Sasaki et al.,
2003). Luteolin has been shown to possess multiple biological activities such as anti-inflammation, anti-oxidant
[17], anti-proliferative [18] and modulates the glycoproteins and status of thiols [19, 20] in AOM-induced colon
carcinogenesis.
In this present study, we try to evaluate the apoptosis inducing property of LUT by assessing the expression of Bax,
Bcl2, caspase3 and DNA fragmentation analysis also the status of lysosomal enzymes in AOM-induced CRC.
EXPERIMENTAL SECTION
Chemicals
Azoxymethane was purchased from Sigma-Aldrich Chemical Company, St. Louis, USA. Luteolin was purchased
from Cayman chemicals, USA. All other chemicals and reagents used were of analytical grade.
Animals
Male Balb/c mice weighing approximately 25-30 g were obtained from the Laboratory Animal Maintenance Unit,
Tamilnadu Animal Science and Veterinary University, Madavaram, India. The animals were acclimatized to the
laboratory conditions for a period of 2 weeks. They were maintained at an ambient temperature of 25±2° C and
12/12 h of light-dark cycle and were given a standard rat feed (Hindustan Lever Ltd., Bangalore) and water ad
libitum. The experiments were conducted according to the ethical norms approved by Ministry of Social Justices and
Empowerment, Government of India and Institutional Animal Ethics Committee Guidelines (IAEC No. 01/021/08).
Experimental procedure
The animals were divided into four groups (n = 6 per group). Mice in group 1 served as control and received intra
peritoneal injections (i.p.) of physiological saline. Group 2 mice were administered with AOM (15mg/kg body
weight) intraperitoneally (i.p.) once in week for three weeks. Mice in group 3 (AOM + LUT) were treated with a
single dose with 1.2 mg/kg body weight of LUT orally until end of the experiment, after AOM administration as
mentioned in group 2. Mouse in-group 4 received the same dose of LUT as mentioned in group 3.
The experiment was terminated at the end of 17 weeks and all the animals were killed by cervical dislocation after
an overnight fast. The tumorous colon tissue were excised out, the tissues were weighed and homogenized in TrisHCl buffer pH 7.4 and centrifuged at 3000 rpm for 10 min. The supernatant obtained was used for various assays. A
portion of the colon tissue was fixed in 10% neutral buffered formalin solution for histological studies.
Assessment of lysosomal enzymes
The tissue homogenate was subjected to lysosomes at 15,000 g for 10 min to collect the lysosomal fractions. The
activities of lysosomal enzymes i.e. β-D-glucuronidase [21], β-Dgalactosidase [22], β-D-N-acetylglucosaminidase
[23], and acid phosphatase [24] were also assayed.
Analysis of DNA fragmentation
DNA fragmentation analysis was done by the method [25] previously described with little modifications.
Immunohistochemical analysis of Bax, Bcl2 and caspase 3
Paraffin embedded tissue sections of 4-micrometer thickness were rehydrated first in xylene and then in graded
ethanol solutions. The slides were then blocked with 5% BSA in TBS (Tris buffered saline) for 2 h. The sections
were then immunostained with respective primary antibody, diluted 1:500 with 5% BSA in TBS and incubated
overnight at 4˚C. After washing the slides thrice with TBS, the sections were then incubated with goat anti-rabbit
secondary antibody in a dilution of 1:2000 with 5% BSA in TBS and incubated for 2 h at room temperature.
Sections were then washed with TBS and incubated for 5-10 min in a solution of 0.02% diaminobenzidine (DAB)
containing 0.01% hydrogen peroxide. Counter staining was performed using hematoxylin, and the slides were
visualized under a light microscope (Nikon XDS-1B). To measure the relative intensity, scoring was done as
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arbitrary units 4 as intensely stained, 3 as moderately stained, 2 as mild staining, 1 as poorly stained in control and
experimental groups.
RESULTS
Luteolin modulates the levels of lysosomal enzymes
Figure 1 showed the levels of lysosomal enzymes in control and experimental animals. In AOM-induced (Group 2)
mouse, there was a significant (p<0.001) increase in the activity of lysosomal enzymes such as β-glucouronidase, βgalactosidase, β-N-acetyl glucouronidase and acid phosphatase when compared to that of control (Group 1) mouse.
Administration of LUT to the mouse significantly (p<0.001) decreased in the activities of lysosomal enzymes when
compared to colon cancer (Group 2) bearing mouse. No significant changes were observed in control (Group 1) and
LUT alone (Group 3) treated mouse.

Figure 1. Effect of LUT on the levels of lysosomal enzymes in colon of control and experimental groups of animals
Values are expressed as mean ± S.D. for 6 mice in each group. Activity is expressed as µmol of p-nitrophenol liberated/min/mg of protein for βD-glucuronidase, β-D-galactosidase and β-D-N-acetylglucosaminidase. µmol of phenol released/h/100 of protein for acid phosphatase. aControl
Vs AOM , bAOM Vs AOM+LUT, ns- non significant, p<0.05.

Luteolin induces DNA fragmentation
Genomic DNA of tissue homogenates of the experimental group of animals were ran on a 1.5% agarose gel
electrophoresis was shown in Figure 2. Although not a distinct ladder, a moderate shearing was observed in the lane3 of LUT-treated group of animals as compared to AOM-induced animals (lane-2). The results of this study suggest
that LUT could induce apoptosis in colon cancer cells induced by AOM.

Figure 2. Assessment DNA fragmentation of control and experimental groups

Tissue sections were stained with the annexin-V-FITC-conjugated fluorescent dye (green). A tissue sections were
also counterstained with PI (red) for nuclear staining. A) Control, B) AOM-induced showing decreased green
fluorescence, C) AOM + LUT treated group shows increased green fluorescence, D) LUT treated group closely
resembles as control.
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Luteolin increases the expression of Bax and caspase3 and decrease the expression of Bcl2
Figure 3A shows the immunohistochemical analysis of Bax, Bcl-2 and caspase-3 in control and experimental groups
of animals. The expression of Bax and caspase-3 was negligible (Figure 3) in AOM-induced (Group 2) colon cancer
bearing animals. In contrast the expression of Bcl-2 was increased notably. This indicates that, the decrease in the
apoptosis in cancer status. Supplementation of LUT to cancer bearing animals (Group 3) showed an increased
expression of Bax and caspase-3 was evident and the decreased expression of Bcl-2 was evident. No significant
changes were observed in control (Group 1) and LUT alone (Group 4) treated animals. The immunohistochemical
staining of Bax, Bcl-2 and caspase-3 were quantified and the result of the same is represented in figure 3B.

Figure 3. Immunohistochemical analyses of Bcl-2, Bax and Caspase-3 on control and experimental groups of animals
(A): (Control) Normal expressions of bax, bcl-2 and caspase-3, (B): (AOM) higher expression of bcl-2 and lesser expressions of bax and
caspase-3 (brown color) noted, (C): (AOM+LUT) lesser degree of expression of Bcl-2 and in contrast high degree of expression of bax and
caspase-3 noticed, (D): (LUT) Expression was similar to that of control. → shows the expression of respective proteins. Values are expressed as
mean ± S.D. Comparisons: aControl Vs AOM, bAOM Vs AOM+LUT, ns-non significant, p< 0.01.

DISCUSSION
Lysosomes are cytoplasmic organelles containing acid hydrolases that are capable of degrading most cellular
macromolecules to low molecular weight products. Lysosomes are reported to play an important role in cell death
and tissue damage due to drugs [26-28] and toxins [29]. While lysosomes have been considered for many years as
garbage compartments, it is now established that these organelles or their components can play an important role in
numerous biological processes in eukaryotes such as programmed cell death [30] and secretion of cytotoxic
molecules [31]. In our present investigation, AOM-induced (Group 2) mouse, there was a significant (p<0.001)
increase in the activity of lysosomal enzymes such as β-glucouronidase, β-galactosidase, β-N-acetyl glucouronidase
and acid phosphatase when compared to that of control was observed. But treatment with LUT reduced the levels of
lysosomal enzymes.
The DNA ladder formation can be considered as the hall mark of apoptotic cell death. DNA fragmentation analysis
illustrates increased DNA ladder formation upon agarose gel electrophoretic separation of DNA, indicating
apoptotic cell death (Figure 2). Karrasch et al., [32] reported that LUT causes a DNA fragmentation in chemically
induced colititis in rats. LUT showed morphologic alterations and DNA fragmentation [33]. An increase in the DNA
fragmentation profile was observed in LUT treated mouse during study. This is clearly suggests that, LUT has the
ability to induce apoptosis in vivo.
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Controlled cell elimination or programmed cell death during development has been known for at least a century.
This process was later recognized to be morphologically similar to cell death seen under some pathologic and
toxicologic conditions, and it has been termed “apoptosis” to distinguish it from the common form of tissue injury,
known as “necrosis” [34]. The process of apoptosis is a dynamic interplay of several molecules with upregulatory
and downregulatory properties that is largely dependent on the cell type and the form of insult. No single factor in
the machinery of apoptosis operates in isolation. It is unlikely that the activation or inactivation of a single
component will alter the ultimate fate of the cell and lead to programmed cell death [35].
Previous observations demonstrated that a gradient increase of Bcl-2 as the tumor progressed in the adenoma-to
carcinoma sequence [36]. Subsequent studies showed that Bcl-2 expression increased only in the early stages of
CRC progression and decreased as the tumor progressed into the late stages of the adenoma-to-carcinoma sequence
[37, 38]. Bax, a pro-apoptotic member of the Bcl-2 family shares extensive amino acid homology with and acts as a
functional antagonist to Bcl-2 [39]. Hence, the ratio of Bcl-2 /Bax appears to be the best variable in assessing the
overall propensity of a cell to undergo apoptosis.
Caspase-3 is the most widely studied of effector caspases, it plays an important role in both death pathways and
cleaves a wide range of cellular substrates, including structural proteins and DNA repair enzymes [40]. Caspase-3 is
a critical component of the cell death machinery, being regarded as the most downstream enzyme in the apoptotic
process due to its location in the protease cascade pathway [41]. The ratio of Bax/Bcl-2 is a critical determinant of
the overall predisposition of a cell to undergo apoptosis. An increase in Bax relative to Bcl-2 promotes release of
cytochrome C from the mitochondria with subsequent activation of caspase-3, thereby inducing mitochondrial
mediated apoptosis [42-44]. Overexpression of Bax, and caspase-3 with downregulation of Bcl-2 by LUT showed
the apoptosis-inducing potential of polyphenols. So natural compounds has the ability to induce cytotoxicity thereby
protects against cancer [45, 46].
Sriram et al., [25] reported that, in vitro assessment of apoptosis, a garlic derivative diallyl sulfide mediates
apoptosis via caspase-3 in colo DM 320 cell lines. Dietary administration of Scallion extract induces apoptosis [47]
LUT enhances the caspase-3 in the colon of Dextran sodium Sulfide (DSS)-induced colitis [32]. In addition, LUT
induces apoptosis in human myeloid leukemia cells [48], where it was observed by the detection of morphologic
alterations and DNA fragmentation, although it was not elucidated how LUT caused this effect. Thus, LUT is an
important cancer chemopreventive agent that induces apoptosis in tumor cells, but little is known about the
molecular and biochemical mechanisms responsible for this activity [33].
CONCLUSION
In order to elucidate the mechanism by which LUT induce apoptosis, proteins were isolated from the colon were
analyzed by immunohistochemistry and western blot. The results from this experiment revealed that LUT was able
to increase active caspase-3 and Bax expression along with a concomitant decrease in Bcl-2 proteins levels, strongly
suggesting that this compound induces apoptosis via the mitochondrial pathway.
Acknowledgement
This work was supported by a major grant from Council for Scientific and industrial Research (CSIR), New Delhi,
India.
REFERENCES
[1] J Ferlay; HR Shin; F Bray; D Forman; C Mathers; DM Parkin, Int J Cancer, 2010, 127, 2893-917.
[2] KM Mohandas, Indian J Gastroenterol., 2011, 30(1), 3-6.
[3] TJ McDonnel, (1993). Mol. Carcinog., 1993, 8, 209-213.
[4] DM Hockenbery; M Zutter; W Hicky; M Nahm; SJ Korsmeyer, Proc. Natl. Acad. Sci. USA., 1991, 88, 69616965.
[5] H Zou; WJ Henzel; XS Liu; A Lutschg; XD Wang, Cell, 1997, 90, 405-13.
[6] SM Srinivasula; M Ahmad; T Fernandes-Alnemri; ES Alnemri, Mol. Cell., 1998, 1, 949-57.
[7] N Festjens; M van Gurp; G van Loo; X Saelens P Vandenabeele, Acta. Haematol., 2004, 111, 7-27.
[8] P Greenwald; DW Nixon; WF Malone, et al, Cancer, 1990, 65, 1483-90.
[9] WK Hong; MB Sporn, Science, 1997, 278, 1073-7.
[10] LW Wattenberg, Cancer Res, 1983, 43, 2448S-53S.
[11] LO Dragsted; M Strube, JC Larsen, Pharmacol Toxicol, 1993, 72, 116-35.
[12] YJ Surh, Nature Rev, 2003, 3, 768-80.
[13] JH Weisburger, Semin Oncol, 1991, 18, 316-36.

147

Ashok Kumar Pandurangan and Sudhandiran Ganapsam

J. Chem. Pharm. Res., 2013, 5(4):143-148

______________________________________________________________________________
[14] Y Nogata; K Sakamoto; H Shiratsuchi; et al, Biosci Biotech Bioch, 2006, 70, 178-92.
[15] A Uehara; M Nakata; J Kitajima; et al, Biochem Syst Ecol, 2012, 41, 142-9.
[16] N Sasaki; T Toda; T Kaneko; N Baba; M Matsuo, Chem. Biol. Int., 2003, 45(1), 101-16.
[17] P Ashokkumar; G Sudhandiran, Biomed. Pharmacother., 2008, 62, 590-597.
[18] P Ashokkumar; G Sudhandiran, Invest. New Drugs, 2011, 29(2), 273-84.
[19] AK Pandurangan; P Dharmalingam; SK Anandasadagopan; S Ganapasam, Asian Pac. J. Cancer Prev.,
2012,13(4), 1569-73.
[20] AK Pandurangan; S Ganapasam, Asian Journal of Experimental Biological Sciences. 2013, (Accepted
Manuscript).
[21] Y Kawai; K Anno, Biochim. Biophys. Acta, 1971, 242, 428-436.
[22] J Conchie; AL Gelman; GA Levvy, Biochem. J., 1967, 103, 609-615.
[23] JC Moore; JE Morris, Ann. Clin. Biochem., 1982, 19, 157-159.
[24] J King, Practical Clin. Enzymol., Nostrand Co, London, 1965, pp. 199-208.
[25] N Sriram; S Kalayrasan; P Ashokkumar; A Sureshkumar; G Sudhandiran, Mol. Cell. Biochem., 2008, 311,
157-165.
[26] MA Khandkar; DV Parmar, J. Pharm. Pharmacol. 1996, 48, 437-440.
[27] AI Vengerovaski; AS Saratikov, Vopr. Med. Khim., 1989, 35, 87-91.
[28] PH Whiting; PA Brown PA, Ren Fail., 1996, 18(6), 899-909.
[29] CJ Olbricht; M Fink; E Gutjahr, Kidney Int., 1991, 39(4), 639-46.
[30] AA Kyaw; T Aung; T Htut, Clin. Chim. Acta, 1983, 131, 317-23.
[31] EC Dell’Angelica; C Mullins; S Caplan; JS Bonifacino, FASEB J., 2000, 14, 1265-78.
[32] T Karrasch; JS Kim; BI Jang; C Jobin, Plos One., 2007, 7(596), 1-15.
[33] M Horinaka; T Yoshida; T Shiraishi; S Nakata; M Wakada R Nakanishi; H Nishino H Matsui; T Sakai,
Oncogene, 2005, 24, 7180-7189.
[34] JFR Kerr; CM Winterford; BV Harmon, Cancer, 1994, 73, 2013-2026.
[35] S Huerta; EJ Goulet; EH Livingston, Am. J. Surg., 2006, 191(4), 517-26.
[36] A Bedi; PJ Pasricha; AJ Akhtar; JP Barber; GC Bedi; FM Giardiello; BA Zehnbauer; SR Hamilton; RJ Jones,
Cancer Res. 1995, 55(9), 1811-6.
[37] M Krajewska; SF Moss; S Krajewski K Song; PR Holt; JC Reed, Cancer Res., 1996, 56(10), 2422-2427.
[38] HA Saleh; H Jackson; M Banerjee, Appl. Immunohistochem. Mol. Morphol., 2000, 8, 175-182.
[39] C Yin; CM Knudson; SJ Korsmeyer; T Van Dyke, Nature, 1997, 385, 637-640.
[40] T Fernándes-Alnemri; G Litwack; ES Alnmri, Cancer Res., 1995, 55, 2737-2742.
[41] T Fernández-Alnemri; A Takahashi; R Armstrong; J Krebs; L Fritz; KJ Tomaselli; L Wang; Z Yu; CM Croce;
G Salveson, Cancer Res. 1995a, 55, 6045-6055.
[42] RA Gupta; RN DuBois, Nat. Rev. Cancer 2001, 1, 11-21.
[43] C Wangchauy; S Chanprasert, J. Chem. Pharm. Res., 2012, 4(5), 2590-2598.
[44] D S Samiulla; A Naidu; M Ramachandra, J. Chem. Pharm. Res., 2012, 4(6), 3129-3133.
[45] S Sukjamnong; R Santiyanont, J. Chem. Pharm. Res., 2012, 4(5), 2483-2489
[46] MR Haq; S Ashraf; CP Malik; AA Ganie; U Shandilya, J. Chem. Pharm. Res., 2011, 3(6), 601-608.
[47] P Arulselvan; CC Wen; CW Lan; YH Chen; WC Wei; NS Yang, PLOS one, 2012, 7(9), e44658.
[48] Y Ko; M Klinz; G Totzke; I Gouni-Berthold; A Sachinidis; H Vetter, Clin. Cancer Res., 1998, 4, 141-146.

148

