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ABSTRACT

Curry leaves (Murraya koenigii), native to South Asian countries are commonly used as a food
flavoring agent and known to have antioxidant, anti-inflammatory and antidiabetic activities. The
objectives of this study were to investigate the anticancer and toxic effects of Curry Leaf Extracts
(CLE) in Caco-2 and HepG2 cells and to assess the phytochemical content and antioxidant activities
of CLE. The Caco-2 human colon adenocarcinoma (ATCC HTB-37) cells and Hep2G human liver
cells (ATCC HB-8065) and were obtained from the American Type Culture Collection (ATCC,
Manassas, VA). For assay, 5%10"cells/well were seeded in a 24 well culture plate and incubated at
37°C and 5% CO, until development of a monolayer. Cells were incubated with aqueous CLE at
selected concentrations (0.2-0.8 ug mL™") for 12 and 24 h. Lactate dehydrogenase (LDH) release,
histone-related DNA fragmentation and detoxification enzymes were determined. Phytochemical
content and antioxidative activities of the extract were determined using in vitro methods. After
24 h, LDH release was highest in Caco-2 cells treated at 0.8 pg mL™' (45.83 pg mL™"). The
LDH of HepG2 cells peaked at 15.74% (12 h-0.8 ug mL™"), inferring low acute cytotoxicity. The GST
activity in Caco-2 cells increased with increasing concentration of CLE, however, SOD activity
decreased. Histone-related DNA fragmentation was highest in cells treated with 0.4 ug mL™~" for
both cell lines. Total phenolics and flavonoids of methanolic CLE were 541.11+12.41 GAE/100 g
CLE and 192.22+2.75 CE/100 g CLE. The results from this study indicate that curry leaf may be
effective in colon cancer prevention while causing minimal toxic effects to liver cells.
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INTRODUCTION

Colorectal cancer is the third leading cause of death in the U.S. and affects over 1 million people
a year (Johnson and Mukhtar, 2007; Manzano and Perez-Segura, 2012). Epidemiological studies
suggest the consumption of herbs and spices may be a factor in reducing the incidences of gastric
and colon cancers (Mohandas and Desai, 1998). In vitro studies have linked the chemopreventive
effects of herbs and spices (specifically garlic, turmeric) to one or more of the following mechanisms:
inhibition of oxidants, inflammation, carcinogenic bioactivation and tumorigenesis (Johnson and
Mukhtar, 2007; Gupta and Prakash, 2009).
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Curry leaf (Murraya koenigii), belonging to the Rutaeae family, is native to India, Sri Lanka,
Bangladesh and other South Asian countries (Gupta et al., 2011). It is currently used a cooking
spice and has been commonly used in traditional Indian medicine for thousands of years
(Gupta et al., 2011). Studies report curry leaves to have hypoglycemic, antidiabetic (Xie et al., 2006;
Dineshkumar et al., 2010), hepatoprotective (Sathaye et al., 2011), antibacterial (Ningappa et al.,
2010; Tajkarimi et al., 2010; Biswas et al., 2012), anti-inflammatory (Gupta et al., 2010) and
antioxidative properties (Ningappa et al., 2008; Gupta and Prakash, 2009). The bioactivity of curry
leaf has been attributed to the presence of phytochemicals including alkaloids, essential oils,
phenolic acids (Singh et al., 2011), terepenoids, tocopherol, B-carotene, lutein (Palaniswamy, 2001),
as well as minerals, protein and fat (Singh et al., 2011). Furthermore, Mani et al. (2012) suggest
the alkaloids of curry leaf as a useful remedy for dementia and Alzheimer’s disease.

Many phytochemicals, phenolics for example, have been proven to be natural antioxidants.
Natural antioxidants exhibit their potential through a variety of mechanisms such as termination
of free-radicals and reduction of toxic ions to non toxic ions (Ningappa et al., 2008).

Though curry leaf has many positive effects in the body, the chemopreventive mechanisms of
curry leaf are not fully understood. One study suggests it involves multiple biochemical and
biological mechanisms including the induction of enzymes and anti-oxidation (Dasgupta et al.,
2003). Induction of detoxification (phase II) enzymes have been found to play a major role in
metabolizing potentially toxic and carcinogenic compounds (Yoshimasa et al., 2000). Such enzymes
include glutathione-S-tranferase (detoxification) and antioxidative enzymes superoxide dismutase
and catalase. Therefore, the objectives of this study were to investigate the anticancer and toxic
effects of Curry Leaf Extracts (CLE) in Caco-2 and HepG2 cells and to assess the phytochemical
content and antioxidant activities of CLE.

MATERIALS AND METHODS

Sample preparation: Five grams of dried curry leaf (obtained from plant in Florida, US) was
added to 50 mL of 80% methanol and stirred for 2 h. Samples were centrifuged at 3000 g for 20 min
and the supernatant collected. Supernatant was evaporated at 40°C to dryness. Samples were
resuspended in 80% methanol and stored at -80°C until further analysis.

Determination of total phenolic content: Total phenolic content of curry leaf was determined
using a modified Folin-Ciocalteu colorimetric method as described by Singleton et al. (1999).
Briefly, 12.5 pL of sample was added to 50 pL of distilled water. Then, 12.5 uL of Folin-Ciocalteu’s
phenol reagent was added to the mixture. After 5 min, 125 pL of 7% NaCO, solution was added and
the samples were incubated for 90 min at 25°C. The absorbance was measured at 750 nm using a
microplate reader (Synergy HT, BioTek instruments, USA). A standard curve for total phenolics
was constructed using a gallic acid standard solution. The results are expressed as milligram gallic
acid equivalents/100 gram sample.

Determination of total flavonoid content: A colorimetric assay (Kim et al., 2003) with some
modifications was used to quantify total flavonoid content. Briefly, 25 pLi of Curry Leaf Extract
(CLE) was added to 125 uL of ddH,0. Subsequently, 7.5 pL of 5% NaNO, was added to the mixture.
After the mixture was allowed to stand for 5 min, 15 uL of 10% AlCl, was added. The mixture was
incubated at ambient temperature (25°C) for an additional 5 min. Following that, 50 uLL of 1 M
NaOH was added to the mixture. The mixture was immediately diluted by the addition of 27.5 uL
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of ddH,0 and the absorbance of the mixture was measured at 510 nm against a blank prepared
with ddH,0 using a microplate reader (Synergy HT, BioTek instruments, USA). (+)- Catechin was
used as standard and the results are expressed as milligram of catechin equivalents/100 gram
sample.

Determination of Ferric Reducing Antioxidant Power (FRAP): The FRAP assay was
conducted as described by Benazie et al. (1999). One hundred pL of diluted sample was combined
with 3 mL of freshly prepared FRAP reagent consisting of 300 mM acetate buffer (pH 3.6), 10 mM
2,4,6-tri(2-pyridyl)-s-triazine (TPTZ) in 40 mM HCL and 20 mM ferric chloride (FeCL,.H,0). The
mixture was subsequently incubated for 10 min at 37°C. Following incubation, the samples were
analyzed at an absorbance of 593 nm. The change in absorbance was compared to a standard
ferrous sulphate (FeSO,.7H,0) (0.1-1.0 mM). The samples were analyzed in triplicates and the
concentration of Fe®" was expressed as micromole of Fe*/g.

Free radical scavenging activity: Briefly, 0.1 mM solution of DPPH (2, 2-Diphenyl-1-picryl-
hydrazyl) in methanol was prepared and 70 pL of the solution was added to 210 uL of CLE at
different concentrations (25, 50, 75, 100, 125, 150, 200 and 250 mg mL™"). The absorbance was
measured using a microplate reader (Synergy HT, BioTek instruments, USA) after 30 min at
517 nm. Free radical scavenging activity was measured as the amount of extract required to
decrease the initial absorbance (517 nm) of DPPH radical concentration by 50% (IC,) as compared
to the control according to the equation:

Acontrol-Asample

DPPH (%) = Acontrol

x100

Cell culture general procedures: Caco-2 colon adenocarcinoma (ATCC HTB-37) and HepG2
human liver cells (ATCC HB8065) were obtained from the American Type Culture Collection
(ATCC, Manassas, VA). Cells were maintained in Dulbecco’s Modified Eagles Media (DMEM) with
10% fetal bovine serum. For assay, 5x10* cells/well were seeded in a 24 well culture plate and
incubated at 37°C and 5% CO, until development of a monolayer. After the development of a
monolayer, 400 uL of fresh media (DMEM serum free) were added to the wells. Aqueous curry leaf
extracts were made up to 100 pL with saline at various concentrations (0.1-0.8 pg mL™"), added and
incubated for 12 and 24 h.

Determination of lactate dehydrogenase (LDH): The cytotoxic effects of the CLE were
measured by the release of lactate dehydrogenase (LDH) from the cell into the culture supernatant.
The cells were incubated with the extracts for 12 and 24 h. A 10% triton-X solution was used as a
positive control and the supernatant was collected. The LDH was quantified by colorimetric
cytotoxicity detection kit (LDH) (Roche Diagnostics, Indianapolis, IN) according to the
manufacturer’s instructions. The absorbance was read at 490/600 nm.

Glutathione-S-transferase activity in cell lysates: Caco-2 and HepG2 cells were incubated
with CLE at varying concentrations for 12 and 24 h. The supernatant was collected after
centrifuging at 10,000xg for 10 min in PBS buffer (pH 7) and used for GST assay using a
microplate reader (BioTek Synergy HT) and kinetic absorbances were read at 340 nm at 5 min
intervals.
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Determination of catalase activity: Cell catalase activity was determined using a microplate
reader (BioTek Synergy HT) at 240 nm as described by Aebi (1984). The reaction mixture (1 mL)
contained 0.02 mL of suitably diluted cytosol in phosphate buffer (50 mM, pH 7.0) and 0.1 mL
of 30 mM H,0, in phosphate buffer. The specific activity of catalase was expressed as moles of H,O,
reduced per minute per milligram protein.

Determination of superoxide dismutase (SOD): Superoxide dismutase enzyme was estimated
using assay kits according to manufacturer’s instructions (Cayman Chemicals, Ann Arbor, MI).

Histone-related DNA fragmentation: To determine the effect of CLE in induction of apoptosis,
1x10* cells were treated with CLE for 12 and 24 h. After treatment, cells were washed with PBS
and cell lysates were prepared using cell lysis buffer and centrifuged at 200Xg for 10 min. Apoptosis
was determined by measuring internucleosomal DNA fragmentation by using a cell death detection
ELISA kit (Cell Death Detection ELISA, Roche Molecular Biochemicals, Indianapolis, IN) according
to the instructions provided by the manufacturer. Spectrophotometric analysis was carried out
using an ELISA plate reader at 405 nm for the histone-related DNA fragmentation.

Morphological changes: Morphological changes in Caco-2 and HepG2 cells after incubation
with CLE were determined by microscopic evaluation using a Nikon CT 120 microscope
(Nikon Instruments Inc, Melville, NY) and photographs were taken using a SPOT 2.0 digital
camera. Cells in slide flaskets were incubated for 24 h with CLE and stained with Giemsa stain
(0.1% in PBS) for 5 min. The stain was washed three times with PBS and the plates were dried at
37°C and photographs were taken (Verghese et al., 2006).

Statistical analysis: All assays were conducted in triplicate over a duration of five months in
2014. Statistical analysis was conducted using SAS 9.1, 2004 (SAS Institute Inc., Cary, NC) using
analysis of the variance (One-Way ANOVA) to determine any significant differences among the
groups. A separate analysis was used for each time period. Results were presented as
Mean+Standard Error Mean (SEM). Where significant, means were separated using Tukey’s
studentized range test. The level of significance was set at p<0.05.

RESULTS
Total phenolic, flavonoids, ferric-reducing potential and DPPH scavenging ability: Total
phenolics and flavanoid content (Table 1) were 541.11 mg GAE/100 g and 192.22 catechin
equivalents, respectively. Ferric reducing antioxidant potential of CLE was found to be 702.81 pmol
Fe*/g.

DPPH scavenging ability is shown in Fig. 1. The IC,, of CLE was 63.85 mg mL~" for 0.5 mM of
DPPH. Percent inhibitions of DPPH radical for 25, 50, 75, 100, 125, 150, 200 and 250 mg mL of
CLE were 29.67,43.30,51.93,62.81,64.67,68.87, 72.26 and 88.61, respectively.

Table 1: Total phenolics, flavonoids and ferric reducing antioxidant potential of curry leaf extracts

Parameters Values
Total phenolics (GAE/100 g CL) 541.11+12.41
Flavonoids (CE/100 g CL) 192.22+2.75
FRAP(umol Fe™ g™%) 702.81+3.89

Values are Means+SEM, (n=3), CE: Catechin equivalents, CL: Curry leaf; FRAP: Ferric reducing antioxidant power, GAE: Gallic acid
equivalents
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Fig. 1: Free radical scavenging activity of curry leaf extract, DPPH: 2,2-diphenyl-1-picryl-hydrayl
and IC;,: Concentration in which 50% of radical is inhibited
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Fig. 2: Percentage of cytotoxicity of curry leaf treated Caco-2 cells, LDH: Lactate dehydrogenase

LDH of CLE-treated Caco-2 and HepG2 cells: Percent cytotoxicity (LDH release) compared to
the control for Caco2 cells is shown in Fig. 2. Percentage of cytotoxicity was highest in Caco-2 cells
treated with 0.8 pg mL™"' (55%) CLE and significantly higher (p<0.05) than all treatments except
0.2 and 0.4 pg mL~"at 12 h of incubation. After 12 h, percentage of cytotoxicity increased dose-
dependently from 0.1-0.4 pg mL™", followed by a slight decrease at 0.8 pg mL~"' (17.18%). The LDH
release of cells treated for 24 h were almost 4, 3, 2 and 3 folds higher than corresponding extract
treatments at 12 h for 0.1, 0.2, 0.4 and 0.8 pg mL™', respectively.

Percentage of cytotoxicity (LDH release) compared to the control for HepG2 cells is shown in
Fig. 3. After 12 h of incubation, percentage of cytotoxicity increased with increasing concentration,
peaking at 15.74% (0.8 pg mL™"). The LDH was significantly higher (p>0.05) with cells treated at
12 h with 0.8 pg mL~" CLE compared to all other treatments. The LDH release for cells treated
with 0.1, 0.2 and 0.8 pg mL™" of curry leaf were approximately 2-fold higher at 12 h, compared to
corresponding treatments at 24 h. Cells incubated for 24 h had very low cytotoxicity ranging from
4.73% (24 h, 0.1 ug mL™) to 8.59% (24 h, 0.4 ug mL™).

Enzyme activities of Caco-2 cells: Enzyme activities (GST, SOD, CAT) of Caco-2 cells are shown
in Table 2. Overall, enzyme activities for cells incubated for 12 h were generally higher than
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Fig. 3: Percentage of cytotoxicity of curry leaf treated HepG2 cells, LDH: Lactate dehydrogenase

Table 2: Enzyme activities of Caco-2 cells treated with curry leaf extracts

Treatments (ug mL™") GST (nmol mg~" protein) SOD (U mg™" protein™") CAT (nmol mg~" protein)
Duration (12 h)

0 50.15+1.06" 6.22+0.18° 4.03+0.07°
0.1 66.35+3.222 6.23+0.27* 4.53+0.15
0.2 70.09+2.24" 6.20+0.44° 3.55+0.02"
0.4 79.18+0.54° 7.16+0.10° 3.1440.33%¢
0.8 84.32+1.86° 7.58+0.26° 3.73+0.02"
Duration (24 h)

0 52.72+1.64° 6.34+0.58° 2.30+0.04f
0.1 64.03+0.41% 5.87+0.25™ 2.60+0.20°
0.2 68.73+10.61*" 5.75+0.48% 2.43+0.08°
0.4 67.84+3.522 6.87+0.19° 2.93+0.29%
0.8 63.84+0.02% 4.3120.06" 1.63+0.028

Values are Means+SEM, Values in a column with different letters are significantly different using Tukey’s studentized range test at
p<0.05, CAT: Catalase, GST: Glutathione-s-transferase, SOD: Superoxide dismutase

corresponding activities at 24 h. After 12 h of incubation, both GST and SOD activity increased
with increasing concentration. The GST activity ranged from a low of 66.35 (0.1 ug mL™") to a high
of 84.32 nmol mg~' protein (0.8 ug mL™"), which was approximately 68% higher than untreated
Caco-2 cells. The SOD activity ranged from a low of 6.20 (0.2 pg mL™") to a high of 7.58
(0.8 pg mL™"), which was 21.9% higher than SOD activity of untreated cells. For catalase, enzyme
activity was significantly higher at 0.1 ug mL~" after 12 h at 4.53 nmol mg~' protein compared to
all other treatment concentrations and time periods.

Enzyme activities of HepG2 cells: Enzyme activities of (GST, SOD, CAT) for CLE-treated
Hep2G cells are displayed in Table 3. There were no significant differences between GST activities
in varying treatment groups. However, catalase activity at 0.1 pg mL~' 24 h (1.38 nmol mg™'
protein) was significantly higher than all other treatments. Catalase activity was inversely
proportional to the concentration after 24 h of incubation. For SOD, enzyme activity generally
increases after 12 h of incubation, peaking at 3.27 U mg ' protein (0.8 pg mL™") but decreased with
increasing concentration.

Histone-related DNA fragmentation: Histone-related DNA fragmentation of CLE treated
Caco2-treated cells is shown in Fig. 4. Overall, the enrichment factors of cells incubated for 12 h
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Fig. 4: Histone-related DNA fragmentation of curry leaf-treated Caco-2 cells
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Fig. 5: Histone-related DNA fragmentation of curry leaf-treated HepG2 cells

Table 3: Enzyme activities of HepG2 cells treated with curry leaf extracts

Treatments (ug mL™") GST (nmol mg~" protein) SOD (U mg ™ protein?) CAT (nmol mg~" protein)
Duration (12 h)

0 4.52+0.58" 1.59+0.07" 0.81+0.002¢
0.1 4.27+0.42° 1.97+0.001° 0.90+0.02°%
0.2 5.31+0.93° 1.94+0.001° 0.75+0.02°
0.4 4.75+0.16° 2.86+0.10° 1.07+0.03%¢
0.8 5.12+0.35° 3.27+0.03* 1.13+0.01°
Duration (24 h)

0 4.16+0.33° 3.15+0.20° 1.38+0.05%
0.1 4.54+0.25 1.96+0.05° 0.97+0.03*
0.2 6.010.74° 1.92+0.08° 0.82+0.03¢%
0.4 6.29+0.10° 1.77+0.03" 0.80+0.001°
0.8 5.79+1.27° 1.80+0.06" 0.79+0.03°

Values are Means+SEM, Values in a column with different letters are significantly different using Tukey’s studentized range test at
p<0.05, CAT: Catalase, GST: Glutathione-s-transferase, SOD: Superoxide dismutase

were higher than respective values at 24 h for all treatment except 0.8 ug mL~". Enrichments
factors at 12 h were 3, 2 and 6 fold greater than values at 24 h for 0.1, 0.2 and 0.4 pg mL™,
respectively.

Histone-related DNA fragmentation of CL-treated HepG2 cell is shown in Fig. 5. Enrichment
factors were higher after 24 h incubations compared to respective 12 h values for all treatments
except 0.1 pg mL~". Enrichment factors ranged from a low of 0.88 (0.2 pg mL™~" 24 h) to a high of
9.37 (0.4 pg mL~" 24 h).
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DISCUSSION

Curry leaf has been shown to display hepatoprotective properties in in vitro studies and chemo-
modulatory properties using in vivo (rat-model) studies. This study evaluated the chemopreventive
effects of curry leaf extracts in a human colon cancer cell line Caco-2 and determined if there were
possible toxicological implications at the respective treatment doses using a human liver cell line
Hep2G.

Polyphenols have been reported to exhibit anti-tumor and anticarcinogenic activities
(Kandaswami et al., 2005; Thomasset et al., 2007). Recent studies have shown curry leaf to be a
good source of polyphenols (Almey et al., 2010; Reihani and Azhar, 2012; Noolu et al., 2013). In our
study, the total phenolic content of methanolic extract of curry leaf was 541.11 mg GAE/100 g CL
(2.7 mg GAE mL™"). Noolu et al. (2013) reported a similar phenolic content at 3.0 pg GAE uL.=' CLE.
Other studies reported total phenolic content of curry leaf to ranges from 20-35 mg GAE g~' of
curry leaf (Almey et al., 2010; Reithani and Azhar, 2012).

The DPPH (0.5 mM) scavenging ability was 90% at a concentration of 250 mg mL~'. Similar
results were reported by Andallu et al. (2011). Biswas et al. (2012) reports an ethanolic extract of
curry leaf (25 mg mL™") having a DPPH scavenging activity of approximately 58%. Though
the present study uses 0.5 mM of DPPH, displaying a 30% DPPH activity at 25 mg mL™", a
dose-response relationship is clearly shown in the free-radical scavenging ability of curry leaf
extract.

Lactase dehydrogenase (LDH) release was used to determine cytotoxicity of extracts in Caco-2
and Hep2G cells. The LDH is an enzyme present in most cells and is released from the cytosol of
damaged cells (Verghese et al., 2006). After 24 h of incubation, a positive correlation between
cytotoxicity and concentration was seen in Caco-2 cells. A similar trend was seen in Hep2G cells
after 12 h of incubation. The CLE exhibited the greatest effect in colon cancer cells (Caco-2) after
24 h. However, LDH was higher with acute exposure to CLE for Hep2G cells. These finding imply
that long term exposure exhibits an anti-cancer effect in Caco-2 cells while having a low toxic effect.
Similar anticarcinogenic effects were seen in animal model studies. Khanum et al. (2000) reported
a 50% reduction in micronuclei in tissues of dimethylhyrdrazine treated rats fed curry leaf.
Furthermore, Dasgupta et al. (2003) reported a decrease in LDH release in rats supplemented with
curry leaf extract on benzo (a) pyrene induced papillomagenesis.

In the present study, LDH release in HepG2 cells were under 20%, indicating low cytotoxicity.
A study investigating the hepatoprotective effects of curry leaf in HepG2, curry leaf extract also
showed little effects on the viability of cells via the MTT assay (Sathaye et al., 2011). Moreover, the
same study reported a decrease in ethanol-induced toxicity in cells treated with various portions
of aqueous curry leaf extract.

After 24 h of incubation of HepG2, SOD and CAT displayed a positive correlation (0.99;
p<0.001). This trend is probably due to the SOD and CAT working together in exhibiting its
antioxidative properties. The SOD converts O, to H,O, (Fridovich, 1975) followed by the
decomposition of H,0, to H,O by catalase (Fridovich, 1975; Bansal et al., 1996). Sathaye et al.
(2011) reported a similar simultaneous rise in SOD and catalase activity in Hep2G cells in a study
examining the hepatoprotective properties of curry leaf against ethanol-induced toxicity.

Treatment at the highest concentration (0.8 pg mL™") for 12 h caused a 21% increase in SOD
activity. Andallu et al. (2011) reported a similar increase (19.5%) in SOD activity in the
erythrocytes of patients receiving 5 g of curry leaf per day. After 12 h, SOD and GST activity
increased dose-dependently. An induction of SOD indicates the presence of superoxide radicals
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(0O7,). The SOD catalyzes the conversion of superoxide radicals to hydrogen peroxide and oxygen
(Fridovich, 1975). Normally, catalase supports SOD by further converting hydrogen peroxide to
water and oxygen, thus preventing oxidative damage. However, in this study, after 12 h incubation
there is a slight decrease in catalase for curry leaf treated Caco-2 cell. Therefore, increased H,0,
production leading to DNA damage may be a possible mechanism of cell damage and death
(Cooke et al., 2003; Driessens et al., 2009).

Internucleosomal degradation of genomic DNA is a characteristic of apoptotic cell death
(Dhanasekaran and Ganapathy, 2011). Our results indicate that DNA fragmentation was highest
at 0.4 pg mL~" for both Caco-2 and HepG2 cells. Morphological changes of cells at this treatment
concentration include the formation of apoptotic bodies. Other morphological changes characteristic
of apoptosis seen include zeiosis and condensation of chromatin. Studies have reported curry leaf
to have an apoptotic effect on other human cancer cell lines including leukemia (Roy et al., 2004;
Ito et al., 2006), breast Noolu et al. (2013) and prostate cells (Roy et al., 2004). Noolu et al. (2013)
detected both early and last stage apoptotic cell (via Annexin V-FITC binding) after treatment with
CLE in two different human breast cancer cell lines. The same study concluded that apoptotic
activity was due to the ability of CLE to inhibit 20 and 26 S proteasome enzymes, which promotes
tumor cell proliferation and protect cancer cells from apoptosis (Goldberg, 1995; Hochstrasser,
1995; Groll et al., 1997).

CONCLUSION
The results from this study indicate that curry leaves may be effective in colon cancer
prevention while causing minimal toxic effects to liver cells. Morphological changes and
Histone-related DNA fragmentation suggest apoptosis as a mechanism of death for Caco-2 cells.
Anti-cancer effects may be due to high phenolic and flavonoid content, as well as free-radical
scavenging ability.
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