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ABSTRACT

Objectives: To determine the in vitro cytotoxic and genotoxic effect of the crude and ethanolic extract
from the Curcuma longa L. rhizome. Materials and methods: The cytotoxic effect was evaluated using
DU-145, HT-29, 3T3 BALB/c cell lines. The growth percentages in 48 hours; and the half maximal in-
hibitory concentration (IC, ) were determined. The genotoxic effect on human genomic DNA was de-
termined using the Tomasevich method. Results: Crude extract produced an IC, of 12.98 + 0.21 pg/mL
for the HT-29 tumor cell line, which is lower than the value obtained for DU-145, with an IC,  of 36.77
+ 9.12 pg/mL. The ethanolic extract presented an IC50 of 13.24 + 0.77 and 20.54 + 2.58 ug/mL for both
cell lines, respectively; the curcumin standard compound presented an IC_j of 3.96 + 0.60 and 13.94 +
2.79 pg/mL, respectively. Crude extract concentrations of 50 and 100 mg/mL fragmented between 40%
to 95% of human genomic DNA; while at 200 mg/mL, fragmentation was greater than 95%. The ethan-
olic extract at all concentrations did not fragment the DNA. Curcumin at 200 mg/mL fragmented less
than 5% of human genomic DNA. Conclusions: The crude and ethanolic extracts of Curcuma longa L.
demonstrate different in vitro cytotoxic effects for the human tumor cell lines DU-145 and HT-29; simi-
lar to the standard curcumin compound. The crude extract of Curcuma longa L. shows a potent genotoxic
in vitro activity against human genomic DNA; this type of effect is not produced by the ethanolic extract.

Keywords: Genotoxic; Cytotoxins Agents; Curcumine, Genomic DNA; Cell Line; HT29 Cells; BALB 3T3
Cells; Gel Electrophoresis (Source: MeSH NLM).

INTRODUCTION

Cancer is a public health problem in Peru. During 2017, 10,650 cancer cases were registered;
of which 7,537 (70.8%) were new as per the consolidated figures from 47 national health
establishments . Cancer incidence is 20% higher in men than in women, while the cancer
mortality rate is 40% higher ©@. Colon cancer therapy in men and women, as well as prostate
cancer, is considered to have a high economic impact.

In the human body, chronic inflammation can affect homeostasis and metabolism of normal
cells, causing susceptibility to genomic instability, which can lead to uncontrolled cell growth
and tumorigenesis ®¥. During this inflammation process, a variety of cytotoxic mediators are
produced, such as free radicals, reactive oxygen species (ROS) and reactive nitrogen species

(RNS), which play an important role in the damage to deoxyribonucleic acid (DNA) ©.
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Several studies established the preventive effect of
consuming fruits, vegetables, spices, and aromatic herbs.
These products have bioactive phytochemicals that have
anticarcinogenic, antimutagenic 7, and antioxidant
properties; which prevent, neutralize, or repair in a direct or
indirect way the cellular damage caused by free radicals, such
as the oxidation to lipids, proteins, and nucleic acids ®.

The turmeric, Curcuma longa L., is a spice used in tra-
ditional Chinese medicine to treat inflammatory conditions
©). According to the Indian Ayurvedic pharmacopoeia and
the Chinese pharmacopoeia, it is used as a tonic, a stomach
carminative, and may relieve pain, eliminate blood sta-
sis, and stimulate menstrual flow. The main polyphenolic
phytochemical constituents of Curcuma longa L. include
three curcuminoids (curcumin, demethoxycurcumin, and
bisdemethoxycurcumin), whose main component, polyphe-
nol curcumin, has great antioxidant capacity “%. The crude
(CE) and ethanolic (EE) 96% extracts of Curcuma longa L.
rhizome have in vitro antioxidant capacity determined by
DPPH (2,2-diphenyl-1-picrylhydrazil) and ABTS (2,2-Azi-
no-bis-(3-ethyl-benzothiazoline-6-sulfonic acid) methods
(11,12). Also, polyphenol curcumin has anti-inflammatory
and anti-cancer properties, modulating the epigenetic alte-
rations typically associated with cancer ¥,

Genotoxicity is the ability to trigger damage in a part
or in the whole genetic material of a cell, ultimately on the
DNA molecule 4%, There are experimental investigations
on genotoxic potential about curcumin isolated from Curcu-
ma longa L. that do not report cytotoxic or genotoxic poten-
tial *, and others where the supplementation of this isolated
principle significantly antagonizes genotoxic effects 7).

Therefore, the aim of this research was to determine the
cytotoxic and genotoxic in vitro effect of the crude and etha-

nolic extract of Curcuma longa L’s rhizome.

MATERIALS AND METHODS

This is a quantitative, analytical study with an experimental
design. The experimental units were cells belonging to the
human cell lines DU-145 (prostate carcinoma), HT-29 (colon
adenocarcinoma), and 3T3 (normal mouse fibroblasts) pro-
vided by the Research and Development Laboratory of the
Universidad Peruana Cayetano Heredia (LID-UPCH). The
human genomic DNA was provided by the Research Center
for Molecular Biology and Bioinformatics of the Universidad
Nacional de San Cristobal de Huamanga. The samples of the

complete specimen and rhizomes of Curcuma longa L. were
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KEY MESSAGES

Motivation for the study: It is necessary to look for
alternative cancer treatments. Some people use the crude
extract of Curcuma longa L. as an alternative treatment for
colon and prostate cancer.

Main findings: The crude and ethanolic extract of
Curcuma longa L. has differentiated cytotoxic activity for
prostate and colon cancer cell lines. The crude extract and
curcumin were found to be genotoxic, and the ethanolic
extract, non-genotoxic.

Implications: The use of the ethanolic extract of Curcuma
longa L. could be an alternative for developing an affordable
phytomedicine for the treatment of colon and prostate

cancers.

collected in the province of Chanchamayo, Junin, Peru. The
taxonomic identification was carried out by a taxonomist/cu-

rator from the Universidad de la Amazonia.

Obtention of raw extract

The fresh, clean, peeled and weighed rhizome was processed
in a Philips brand extractor, and the CE was obtained. It was
evaporated to dryness in a stove with circulating air at 40 °C.
The dry extract obtained was stored in a suitable container,
a labeled amber bottle, to protect it from light and humidity.

Obtention of ethanolic extract

The rhizome was peeled and dried in an oven with
circulating air (Memmert) at 40 °C. Afterwards, it was
milled in a Willey Mill grinder with Arthur H. Thomas CO
blades, and a dry and homogeneous powder was obtained.
It was then weighed and mixed with 96% ethanol in a (2:1)
ratio of solvent: dry rhizome powder, in an amber flask; it
was then macerated for 28 days at room temperature with
rotary movements for 15 minutes each day; it was filtered
with gauze layers and the filtered solution was evaporated to

dryness in an oven at 40 °C.

Evaluation of cytotoxic activity

The experiment was developed in the Cell Biology and Vi-
rology Laboratory of the LID-UPCH. The DU-145 cell line
was cultured and maintained in Minimum Essential Me-
dium (MEM) culture medium supplemented with 10% fetal
bovine serum and 50 pg/mL gentamicin; the HT-29 cell line,
in Roswell Park Memorial Institute (RPMI)-1640 culture
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medium supplemented with 7.5% fetal bovine serum and 50
pg/mL gentamicin; and the 3T3 BALB/c cell line, in Dul-
beccos Modified Eagle medium (DMEM) culture medium
supplemented with 10% fetal bovine serum and 50 pg/mL
gentamicin.

To activate each cell line, the cell monolayer was washed
twice with 5 mL Ca- and Mg-free Hanks solution, then 1 mL of
the trypsin-ethylenediaminetetraacetic acid (EDTA) solution
was added and removed after 10 seconds. It was then incuba-
ted for 10 minutes at 37 °C, after which the activated cells were
suspended with 3 mL of the corresponding culture medium.

The cells were inoculated into 96-well cell culture plates
and incubated at 37 °C in a humid atmosphere of 5% CO, and
95% air for 24 hours to fix the cells in the plate wells. Each plate
containing each of the cell lines was fixed in situ with trichlo-
roacetic acid (TCA) to obtain the cell values at zero-time before
adding the extracts.

Then, each well received 40 pL of each serial dilution at in-
creasing concentrations from 3.9 pg/mL to 62.5 pg/mL of the
CE and EE from Curcuma longa L. and curcumin, and from
0.03 pg/mL to 1.95 pg/mL of 5 fluorouracil (5-FU); the zero
plate wells received 40 uL from MEM. It was homogenized with
Heidolph plate agitator for 30 seconds and incubated for an ad-
ditional 48 hours under the same conditions. Then, 100 ul of
20% TCA were added to stop the assay and it was refrigerated
at 4 °C for 1 hour. The TCA was removed, and each plate was
washed 5 times with 500 mL of water, drained and dried. The
anti-tumor drug 5-FU was used as a positive control.

Sulforhodamine B assay
Determination of cell growth inhibition was performed by the
sulforhodamine B (SRB) cytotoxicity assay described by Ske-
han et al. 1, which allows to indirectly estimate the number
of viable cells, since the SRB dye can stain the total cell protein.
Then, 50 ul of the 0.2% SRB solution in 1% acetic acid
were added to the cells fixed with TCA in each well and left
to stand at room temperature for 30 minutes. The excess of
non-protein bound SRB dye was removed by rapid washing
for 5 times with 1% acetic acid, then the culture plates were
allowed to dry. The SRB dye bound to proteins was eluted
with a 10 mM solution of Tris base (Tris hydroxymethyl
aminomethane) at a 10.5 pH. Finally, the optical density was
determined, which is directly proportional to the number
of cells, using an Ibo-Rad model 450 to 510 nm wavelength
microplates reader. The anti-tumor drug 5-FU was used as a
positive control. The inhibitory concentration 50 (IC, ) is the
extract concentration that inhibits 50% of the cell growth.

All the assays were carried out in triplicate.
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Genotoxic activity evaluation using the «Toma-
sevich method»

The “Tomasevich method” “” is a modification of the
“comet assay” ®*? and is used to evaluate the in vitro geno-
toxic effect of medicinal plants and their extracts or phyto-
therapeutic products against genomic DNA. After an incu-
bation period, the fragmentation degree of the DNA strands
is measured by subjecting it to agarose gel electrophoresis
and staining it with ethidium bromide in order to visualize it
in an ultra-violet (UV) light transilluminator and to record
images with a digital camera .

For this purpose, we had a stock of human genomic DNA
at a concentration of 1,500 ng/uL in a final volume of 200 pL
for each test, then we proceeded to prepare the solutions of
Curcuma longa L. rhizome extract at concentrations of 5, 10,
25, 50, 100 and 200 mg/mL, respectively, using sterile bi-dis-
tilled water as solvent. A battery of nine 500 pL tubes was la-
beled with numbers (1 to 9) and the assay components were
discharged as indicated in Table 1, immediately incubated at
37 °C for one hour to enable the action of the extract on the
genomic DNA. It should be noted that the preparation of the
extract at different concentrations was independent for each
assay, i.e. with CE, EE, and curcumin %229,

After the incubation period, contents from each of the
tubes were seeded into the respective wells of 1% agarose
gel immersed in Triz-EDTA (TE) run buffer with a 1X con-
centration, installed in the Biometra® brand electrophoresis
chamber. The 10 pL loading volume is the result of 8 pL of
the sample plus 2 pL of run dye (bromophenol blue plus
xylene). In the first well, the molecular size marker of 100
base pairs (bp) was seeded; in the following six wells, the
treated products were seeded with the extracts at their res-
pective concentrations; the next well contained the extract
at the concentration of 100 mg/mL as a target; the next well
only contained DNA at the concentration of 1,500 ng/uL as a
control; and the last well was seeded with the treatment pro-
duct with extract of 100 mg/mL plus the enzyme proteinase
K. The electrophoretic run was performed at 30 volts for 180
minutes 12229,

Once the electrophoretic run was finished, the agaro-
se gel was removed, then immersed for 15 minutes in 1%
ethidium bromide contained in an exclusive tray, later it was
rinsed twice with running water, it was installed in an Ultra
Lum brand UV transilluminator and the photographs were
taken with a 12.1-megapixel full HD Canon 20X brand di-
gital camera to interpret the results. Each test was repeated
four times with each of the different extracts of Curcuma
longa L. and curcumin (%2229,

https://doi.org/10.17843/rpmesp.2020.373.4817
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Table 1. Preparation of compounds for in vitro genotoxicity testing of crude and ethanolic extract of Curcuma longa L. rhizome and curcumin, res-
pectively, at concentrations of 5, 10, 25, 50, 100 and 200 mg/mL against human genomic DNA.

Compounds for in vitro genotoxicity testing

Conditions
Tubel Tube2 Tube3 Tube4 Tube5 Tube6b Tube 7 Tube 8 Tube 9
Target  Control PK
ADN stock (1500 ng/pL) (uL) 14 14 14 14 14 14 NI 14 14
CE, EE or curcumin (mg/ml) 5 10 25 50 100 200 100 NI 100
EC, EE or curcumin (mg/ml) 6 6 6 6 6 6 20 NI 3
Proteinase K (uL) NI NI NI NI NI NI NI NI 3
Sterile bi-distilled water (uL) NI NI NI NI NI NI NI 6 3
Total volume (pL) 20 20 20 20 20 20 20 20 23
Incubation in bain-marie at 37 °C 1 hour

PK: proteinase K; Target: extract or curcumin, respectively, used as a target; Control: only human genomic DNA, used as a control; CE: crude extract; EE: ethanolic extract;

NI not included.

Data analysis

To analyze the in vitro cytotoxic activity, the data were grou-
ped and presented Excel tables; and the statistical analysis,
in SPSS 21. The IC,  was determined through the analysis
of linear regression with a 95% confidence interval. Results
are expressed as the mean and standard deviation of the IC_,
values, obtained in triplicate. The ANOVA test was carried
out according to each sample type, comparing the respective
averages in the cell line groups and considering a 95% con-
fidence interval.

To study the genotoxic effect, numerical values were
assigned to the different degrees of DNA fragmentation,
considering the color intensity of the corresponding lane
band, shown in the photographic records. To evaluate the
genotoxicity due to the degree of DNA fragmentation, the
non-parametric Kruskal Wallis test was used, because the
data do not show normal distribution. This test allows us to
determine if at least one treatment differs significantly in its
effect from the rest of the treatments.

RESULTS

The growth percentages of the DU-145 cell line varied from
56.7% to 93.6% for CE and from 11% to 104.9% for EE; for
the HT-29 cell line, the variation was from 12.1% to 96.2%
for CE and from -0.2% to 79% for EE; and for the 3Q3 con-
trol cell line, the range was from 34.8% to 100% for CE and
from -1.1% to 92.2% for EE. For the 5-FU positive control,
the lowest percentage of growth (18.5%) was observed in
the 3Q3 cell line, while the highest percentage of growth
(114.4%) was seen in the DU-145 cell line, shown in Table 2.

Table 3 shows the IC_; values for the CE and EE of Curcu-

https://doi.org/10.17843/rpmesp.2020.373.4817

ma longa L., as well as the 5-FU control in the studied tumor
cell lines. The behavior of the extracts showed differentiated
cytotoxic capacity in all the tumor cell lines.

The EE of Curcuma longa L. showed a lower percentage of
cell growth in the DU-145, HT-29 and 3T3 cell lines (Figure 1A,
1B and 1C) compared to the CE.

The photographic records in Figure 2 reveal the results of
the in vitro genotoxicity of CE and EE of the rhizome of Curcu-
ma longa L. and curcumin against human genomic DNA. CE at
a concentration of 25 mg/mL fragmented between 5% and 20%
of the DNA; at 50 mg/mL and 100 mg/mL the fragmentation
was 40% to 95% of the DNA, while at a concentration of 200
mg/mL the fragmentation was greater than 95%. EE did not
fragment DNA at any of the tested concentrations from 5 mg/
mL to 200 mg/mL, which shows no genotoxic effect. Meanwhi-
le, at a concentration of 200 mg/mL, curcumin fragmented 5%
t0 20% of human genomic DNA.

At a concentration of 100 mg/mL, plus the enzyme protei-
nase K, CE fragmented 40% to 95% of human genomic DNA;
at 100 mg/mL, plus proteinase K, EE did not fragment DNA; li-
kewise, at 100 mg/mL, plus the enzyme proteinase K, curcumin

did not fragment human genomic DNA.
DISCUSSION

The results found show that the crude and ethanolic extract
of Curcuma longa L. rhizome have cytotoxic effect and po-
tential anti-tumor activity against HT-29 and DU-145 cells,
by revealing a decrease in cell survival when the concentra-
tions of Curcuma longa L. and curcumin extracts are increa-
sed. We used three concentrations closest to the IC, to build

aline ®,
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Table 2. Inhibitory concentration 50 of crude and ethanolic extract of Curcuma longa L. rhizome, curcumin, and 5 fluorouracil with cytotoxic effect

according to tumor cell lines DU-145 and HT-29 and 3T3.

Inhibitory concentration 50 with cytotoxic effect (ug/mL)

Cytotoxic substance Human Tumor Human Tumor Cell Normal mouse p value ®
Cell DU-145* HT-29a cell 3T3°

Crude extract of Curcuma longa L. 0.004

Ethanolic extract of Curcuma longa L. 20.54 +2.58 13.24 £0.76 14.39 £ 1.10 0.000

Curcumin 13.94+2.78 3.96 + 0.60 7.65 +0.68 0.001

5- fluorouracil 1.72 1.27 0.59 Np

@ Mean and standard deviation; ® Anova test.

NP: not performed.

The cytotoxic activity of the extracts and curcumin is
different between the treated cells. However, the best acti-
vity was exhibited by the ethanolic extract, which presented
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Figure 1. Growth percentage curves of cell lines (A) DU-145, (B) HT-29
and (C) 3T3 at different concentrations of Curcuma longa L., curcumin
and 5 fluorouracil extracts.
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a lower IC,_. The CE and EE with curcumin inhibited the
growth of HT-29 cells more effectively than of the DU-145
cell line.

Using human murine colon 26 cells, human HT-29 and
HCT 116 from colorectal cancer (CRC), Kuete et al. (26) de-
monstrated the in vitro cytotoxic activity of CE (18.8% g/g)
in all tests, particularly by finding an IC, of 15 ug/mL for
CRC after been incubated between 48 and 72 hours; while
the IC50 for curcumin was 5 pg/mL. These results are similar
to those from our study and are encouraging because of their
cytotoxic effect against HT-29.

Yue et al. @ conducted an in vitro study on the cytotoxic
activity of the isolated components o/p-turmerone, ar-tur-
merone, curcumin and the ethanolic extract of Curcuma
longa L, which inhibited the growth of colon cancer cells at a
time-dependent dose. The ethanolic extract had the highest
IC, at 11.67 pg/mL in the HT-29 cell line, a similar result to
ours. These findings would provide scientific evidence on the
use of turmeric as an adjuvant therapy for colorectal cancer.

Cao et al. ® have reported that curcumin inhibits the
growth of HT-29 cells (colon carcinoma) with a IC_j of 40.7
+ 0.5 mM in in vitro culture for 24 hours. This cytotoxic ac-
tivity seems to be mediated by the induction of apoptosis
in these cells; our results corroborate this antiproliferative
activity that shows therapeutic potential.

Hong et al. ® state that curcumin inhibits the cellular proli-
feration of the DU-145 cell line (prostate cancer) depending on
the dose, starting with 10 g up to 30 g where a IC_ is obtained,
without showing any major effect after 50 g. Our results behaved
in a similar way, indicating an antiproliferative and antimetastatic
effect in the prostatic tissue.

Calaf et al. ® point out the ability of curcumin to induce
apoptosis in tumor cells through various methods, such as
assays for caspase-3/7 activity, adnexin V, poly (ADPribosa)
polymerase-1 activation and caspase-3 protein expression,

nuclear factor (NF) - transcription factor k B and prolife-

https://doi.org/10.17843/rpmesp.2020.373.4817
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100 200

M: 100 bp molecular size marker; No. 1: with 5 mg/mL; No. 2: with 10 mg/mL; No. 3: with 25 mg/mL; No. 4: with 50 mg/mL; No. 5: with 100 mg/mL; No. 6: with 200 mg/
mL; No. 7: with 100 mg/mL extract (white); No. 8: with 100% genomic DNA (control); No. 9: with 100 mg/mL extract + proteinase K.

Figure 2. Photographic record of the in vitro genotoxic assay of the crude (A), ethanolic (B) extract of Curcuma longa L. rhizome and curcumin (C)
at concentrations of 5, 10, 25, 50, 100 and 200 mg/mL against human genomic DNA at 1,500 ng/uL, incubated at 37 °C for one hour. In Figure A,
No. 4 and No. 5 correspond to concentrations of 50 and 100 mg/mL, respectively, and show DNA fragmentation between 40% and 95%, while No.
6, which corresponds to 200 mg/mL, shows DNA fragmentation > 95%, all compared to No. 8, which is the DNA band that received no treatment

and serves as a control. In Figure C, No. 6, which corresponds to 200 mg/mL shows DNA fragmentation < 5% compared to No. 8

rating cellular nuclear antigen; or to enhance the induction
of apoptosis by classical chemotherapeutic drugs, such as
placlitaxel in cell lines MCF7 and MDAMB231, supporting
their potential use as anti-cancer therapies. These quantita-
tive and explanatory results of the molecular mechanisms
could be inferred from the results of our research.

Marca et al. @, who used the same method as in this
study, evaluated the in vitro genotoxicity of ethanolic extract
and Allium sativum L. (garlic) at concentrations of 5, 10,
50, 100, 200, 300, 400 and 500 mg/mL, found no genotoxic
effect against genomic DNA of Staphylococcus sp, while with
the garlic bulb juice, at concentrations of 5, 10, 50 and 100%,
did show a powerful genotoxic effect, fragmenting 100% of
the genomic DNA of Staphylococcus sp. They concluded that

the juice of the bulb of Allium sativum L. presents a powerful

genotoxic activity against the genomic DNA of Staphylococcus
sp. In this sense, the turmeric has also presented genotoxic
activity only with the CE, starting at a concentration of 25
mg/mL, but it did not present genotoxic activity with the EE,
perhaps because the secondary metabolites present in the
CE responsible for the genotoxic activity are not found in
the EE, for not having been carried by the solvent or because
they could minimally change its chemical structure and
lose its function. Meanwhile, curcumin, a chemically pure
compound, the main secondary metabolite of turmeric, did
show moderate genotoxic activity, but at a high concentration
of 200 mg/mL.

Studies conducted on medicinal plants from other fa-
milies report that the genotoxic effect is attributed to the

presence of secondary metabolites, mainly phenolic com-

Table 3. Numerical values of in vitro genotoxicity tests of crude and ethanolic extract of Curcuma longa L. rhizome and curcumin at
concentrations of 5, 10, 25, 50, 100 and 200 mg/mL, against human genomic DNA.

Crude extract of the rhizome from
Curcuma longa L. (mg/mL)

Ethanolic extract of rhizome from
Curcuma longa L. (mg/mL)

Curcumin (mg/mL)

5 10 25 50 100 200 5 10 25 50 100 200 5 10 25 50 100 200
0 0 1 3 3 4 0 0 0 0 0 0 0 0 0 0 0 1
0 0 1 3 3 4 0 0 0 0 0 0 0 0 0 0 0 1
0 0 1 3 3 4 0 0 0 0 0 0 0 0 0 0 0 1
0 0 1 3 3 4 0 0 0 0 0 0 0 0 0 0 0 1
0: DNA Fragmentation < 5%; 1: DNA fragmentation 5 to 20%; 2: DNA fragmentation 20 to 40%; 3: DNA fragmentation 40 to 95%; 4: DNA fragmentation > 95%.
Source: Colins et al. @
https://doi.org/10.17843/rpmesp.2020.373.4817 | 459
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Figure 3. Kruskal Wallis test to determine the level of in vitro genotoxicity of the crude (A), ethanolic (B) extract of Curcuma longa L. rhizome and
curcumin (C) at concentrations of 5, 10, 25, 50, 100 and 200 mg/mL, against human genomic DNA at 1500 ng/uL, incubated at 37 °C for one hour.

pounds, tannins, and alkaloids. Likewise, the metabolites
present a synergistic effect, showing allelopathic activity,
causing damage to the cell and, particularly, to the DNA, lea-
ding to cell death ®”. However, the nuclease enzymes of Cur-
cuma longa L. have the property of fragmenting the DNA,
and these enzymes could be present in the extracts, exerting
such a function. For this reason, to confirm that DNA frag-
mentation is due to the action of secondary metabolites, in
the Tomasevich method used, a tube was prepared with 100
mg/mL of the extract plus the proteinase K enzyme and the
DNA, and it was incubated at 37 °C. If after the electropho-
resis it is observed that the DNA has been fragmented, it is
by the action of the secondary metabolites and not by the
nuclease enzymes, since these enzymes of protein constitu-
tion would be degraded by the action of the proteinase K
enzyme during the incubation period. In our study, the two
treatments of the crude rhizome extract of Curcuma longa L.
at 100 mg/mL with and without proteinase K reveal similar
behavior, so it can be concluded that the fragmentation of
DNA is due to the effect of the secondary metabolites pre-
sent in the extracte los metabolitos secundarios presentes en
el extracto.

It should be mentioned that there were limitations related

to economic financing to get the cellular lines DU 145, HT-
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