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Abstract
Background and Objective: Linamarin is an active compound isolated from the leaves of cassava (Manihot  esculenta  Cranz) that has
cytotoxic effects on HT-29, MCF-7 and HL-60 cells.  This  study  was  aimed  to  determine  the  cytotoxic  and  antiproliferation  activity
and  induction  of  p53  protein  in  Raji  cells   after   administration  of  various  concentrations  of  linamarin  from  cassava  leaves
(Manihot  esculenta  Cranz). Materials and Methods: Linamarin was isolated from cassava leaves (Manihot  esculenta  Cranz) using a
multilevel purification method. Linamarin cytotoxicity was tested on Raji cells using the MTT method, while antiproliferation activity was
tested using a doubling time test. The p53 protein expression was observed by immunocytochemical tests. The cytotoxic activity of Raji
cells was expressed by the value of Inhibitory concentration 50 µg mLG1. The doubling time was calculated by comparing the slope values
of the log graphs of the number of cells at various times. Raji cells that were positive for p53 protein showed brown painted nuclei or
cytoplasm. Results: Linamarin from cassava leaves can inhibit cytotoxic activity and proliferation on Raji cells. The higher the linamarin
concentration, the longer the doubling time of Raji cells. The expression of p53 protein on Raji cells after linamarin administration was
higher than the control. The p53 protein expression was found in the nuclei (91.05%) and cytoplasm (8.95%). Conclusion: Based on those
findings, linamarin from cassava leaves has the potential to be developed as an anticancer agent.
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INTRODUCTION

Obstacles and side effects caused by various cancer
treatments have necessitated the discovery of highly effective
alternatives with minimal side effects. One such effort is the
development of drugs from plants that contain anticancer
compounds. The development of cancer drugs from plants
has several advantages, among which are their low cost,
availability and relatively few side effects1.

In  Indonesia,  cassava  has  considerable    economic
value compared to other  tubers. Not  only  is  cassava
(Manihot esculenta  Cranz) one of the world’s principal food
staples after grains and corn1, their leaves, widely consumed
in Indonesia and elsewhere, are rich in vitamins A, C, K, among
others and minerals, including iron, calcium and phosphorus.
The energy content of cassava leaves is greater than most
other green vegetables2. Cassava also contains cyanogenic
glucoside compounds, which consist of linamarin and
lotaustrain3,4 at a ratio of 10:1. Linamarin has potential use as
an anti-neoplastic compound5,6. The mechanism of linamarin
in the treatment of cancer using linamarase gene therapy has
been investigated.

Meanwhile   the   Idibie  et  al.6  study  states that
linamarin in root tubers has been proven in vitro to have
cytotoxic   effects  on  HT-29,  MCF-7  and  HL-60  cells. From
the  results  of  this  study,  Inhibitor Concentration 50 (IC50)
was obtained in the amounts of >300 µg mLG1, 235.96±9.87
and 246.51±10.12 µg mLG1 after incubation for 48 h. In this
study, linamarin was obtained from cassava leaf extracted with
methanol. The study of Yusuf et al.7 using linamarin isolated
from cassava leaves also showed cytotoxic effects on Caov-3
cells  and  Hela  cells.  The IC50  value  of  the  two  cell  lines  is
38 and 57 µg mLG1, respectively. Cancer cell death has been
caused by the linamarin content found in cassava plants8-11.
Carotene and vitamin C compounds found in cassava leaves
are thought to have anticancer properties12-15. Research by
Enger et al.16, stated that carotene is protective toward colon
adenoma rather than other carotenoids in the early stages of
tumor formation. Kontek et al.17 stated that vitamin C had a
positive effect on the damage level of oxidative DNA in colon
cancer cells.

The benefits of cassava as an anticancer agent have been
proven in several cancer cells, but have not yet been widely
studied regarding its potential in Raji cells. This study was
aimed to determine cytotoxic and antiproliferative activity and
induction of p53 protein in Raji cells following treatment of
linamarin from cassava leaves.

MATERIALS AND METHODS

Cassava leaves (Manihot  esculenta  Cranz) were obtained
from the local market in Yogyakarta, Indonesia and then
identified at the Laboratory of Pharmaceutical Biology, Faculty
of Pharmacy, Gadjah Mada University. This research project
was conducted from June 4, 2018 to December 4, 2018. Raji
cells were obtained from the collection of the Laboratory of
Parasitology, Faculty of Medicine, Gadjah Mada University. This
cell is a continuous cell line that grows floating, similar to
lymphoblast cells (B lymphocytes) from Burkitt's lymphoma
infected by Epstein-Barr  Virus  (EBV).  Materials for growing
Raji cells are RPMI solution (Sigma-Aldrich, Saint Louis,
Missouri, USA), Dulbecco's Modified Eagle's Medium (DMEM)
(Sigma-Aldrich,  Saint  Louis, Missouri, USA), HEPES, Fetal
Bovine Serum (FBS)  (Gibco,  Grand  Island, N.Y, USA),
penicillin-streptomycin) (Gibco,  Grand Island, N.Y, USA),
DMSO (Sigma-Aldrich, Saint Louis, Missouri, USA), tripan blue
(E-Merck, Darmstadt, Germany) and 3-(4-, 5 dimethylthiazol-2-
yl) -2.5-diphenyl tetrazolium bromide (MTT) (Sigma-Aldrich,
Saint Louis, Missouri, USA). 

Linamarin isolation from cassava leaves: A 5 g batch of
cassava leaves was cut into small pieces and then pounded in
a mortar. The result was blended thoroughly with a total of 10
ml of 0.1 M HCl solution. The mixture solution was centrifuged
at 3500 rpm to obtain the supernatant. The supernatant liquid
obtained was transferred to the Falcon tube (Thermo Fisher
Scientific, Waltham, MA USA). The supernatant liquid mixture
with 0, 1 M HCl was linamarin extract of cassava leaf, which
was then isolated. Finally, the linamarin extract was frozen at
-20EC18.

Cytotoxic test on Raji cells: The cytotoxicity test was done
colorimetrically using MTT reagents (Sigma-Aldrich,
Darmstadt, Germany). Linamarin of 10 µL at various
concentrations was added to Raji cell culture the day after
transplantation. The concentration of linamarin used for
treatment  of  Raji  cells  was 31.25, 62.5, 125, 250, 500 and
1000 µg mLG1. Cells that were not treated were used as
controls. On the third day, 20 µL of MTT reagent was added to
approximately 5 mg mLG1 per well. After four hours of
incubation, 100 µL of 0.1 N HCl-isopropanol was added to
each well to dissolve the formazan crystals that had formed.
Absorbance  (A)  was  measured  using  a  microplate  reader
at a wavelength   of  595  nm.  All  steps  were  carried  out
three times.
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Antiproliferation test (doubling time) in Raji cells: Cells were
fasted for 24 h in culture media containing 0.5% of FBS.
Afterwards, they were grown in a plate with a medium added,
with linamarin at a non-lethal concentration of three series
below the IC50 value. Then it was incubated in a 5% CO2

incubator (Nuaire, Plymouth, MN 5547, USA) at 37EC for 24, 48
and 72 h. Each well was calculated by the number of cells
living using hemocytometrics (Neubauer haemocytometry,
EMS, 1560 Industry Road, Hatfield, PA).

Immunocytochemical test in Raji cells: Immuno-
cytochemical staining was performed using the avidin-biotin-
peroxidase  complex  with  monoclonal  antibodies  against
p53  according  protocols  of  p53  Assay kit (Colorimetric)
(NCL-L-p53-DO7, Novocastra, Benton Lane, Newcastle, United
Kingdom)). In a microculture, 96 wells containing 100 µL of
test cells, with a density of 2×104 cells/well, 100 µL of the test
compound were added at concentrations of 10 µg mLG1. They
were then incubated with 5% CO2 flow at 37EC for 24 h. After
being incubated overnight, 200 µL of cells from each well
were taken and inserted in eppendorf tubes, then centrifuged
to 1200 rpm×5 min. The supernatant liquid was removed,
leaving the pellet and then re-suspended. The cell suspension
was extracted and placed on a glass object that had been
coated with poly-lysine. The cells were fixated with acetone for
10 min. Later, they were washed with PBS (Phosphate Buffered
Saline)(E. Merck, Darmstadt, Germany)×5 min and etched
with hydrogen peroxidase 0, 1% for 10 min. After washing
them with running water, they were rinsed with PBS for 5 min,
dripped with 100 µL normal horse serum for 10 min and
cleaned  without  water.  Finally,  they  were  dripped  with
anti-p53 protein primary antibodies (Novocastra, Benton Lane,
Newcastle, United Kingdom) and left for 24 h.

The next day the suspension was:

C Washed twice with PBS×5 min each
C Dripped with biotinylated secondary antibodies

(Novocastra)×10 min
C Washed×2 with PBS×5 min each
C Dripped then incubated with Avidin Biotin reagent

enzyme (Novocastra)×10 min
C Washed×2 with PBS×5 min each
C Incubated with a peroxidase substrate (DAB) (Novocastra)

×10 min or until the coloring appeared
C Washed with running water
C Counter stained with hematoxylin for 10-20 sec, then

washed with running water
C Dehydrated using 95% ethanol and xylene ×10 min each
C The mounting media was dripped and then covered with

a glass deck

The results were observed under a light microscope
(Olympus, Japan) with 400× magnification. Cells positive for
p53 protein showed nuclei or cytoplasm painted brown.

Data analysis: Raji cell cytotoxicity was analyzed using probit
analysis to determine 50% Inhibition Concentration (IC50).
Probit analysis was obtained from the conversion of the
percentage of inhibition to the probit value. Percentage of
inhibition was calculated as follows19:

A- BCell inhibition (%) = 100
A

  


where, EA is the number of living cells in untreated controls,
EB is the number of living cells due to the treatment of
compounds at various concentrations.

The difference in percentages of cell inhibition between
each treatment group was tested statistically using a one-way
ANOVA test with 95% Confidence Interval. Analysis of
doubling times was calculated by comparing the slope of the
log graphs of the number of cells at different observation
times. To find differences between groups, the average
number of cells living at the various times was analyzed
statistically using the one-way ANOVA test with a 95%
confidence level. Expression of p53 protein was analyzed by
observing its percentages as expressed in Raji cells after
immuno-histochemical treatment. Cells that were positively
stained with p53 protein showed nuclei or cytoplasm painted
brown. The proportion of cells that were positively p53 protein
was determined by calculating the presence of stained nuclei
or cytoplasm per 100 cells.

RESULTS AND DISCUSSION

Linamarin cytotoxic activity in Raji cells: Cytotoxic activity
was tested to determine the toxicity of a linamarin compound
on Raji cells. Raji cells are continuous cell lines that grow
floating and unattached to the bases of flasks. The cell is
similar to lymphoblast cells (B lymphocytes) from Burkitt's
lymphoma infected by Epstein-Barr Virus (EBV). The cells are
round and clustered. Living cells will appear bright under a
contrast phase microscope while dead cells will appear dark.

The parameters used to express the potency of linamarin
toxicity from cassava leaves were IC50 values. The results of
calculating cell inhibition percentage of Raji cells after
linamarin administration from cassava leaves are presented in
Table 1. Table 1 shows that at the highest linamarin
concentration (1000 µg mLG1), the percentage of Raji cell
inhibition was 97.550%, while at the lowest concentration
(31.25 µg mLG1), the percentage was 27.194%. 
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Table 1: Average number of living cells vs. percentage of Raji cell inhibition after administration of various concentrations of linamarin
Linamarin Absorbance
concentration ------------------------------------------------------------------------------------------------ Raji cell
(µg mLG1) 1 2 3 4 Average inhibition±SEM (%)
31.25 0.643 0.565 0.678 0.462 0.587 27.194±0.096*
62.5 0.381 0.565 0.453 0.323 0.431 46.605±0.104*
125 0.076 0.035 0.553 0.539 0.301 62.698±0.284*
250 0.043 0.033 0.457 0.414 0.237 70.636±0.230*
500 0.045 0.121 0.302 0.189 0.164 79.628±0.109*
1000 0.021 0.026 0.019 0.013 0.020 97.550±0.005*
Cell control 0.794 0.761 0.865 0.805 0.806 0.000±0.043
Media control 0.043 0.033 0.031 0.033 0.035 0.000±0.005
*p<0.05 with one-way ANOVA test, SEM: Standard error of the mean

Table 2: Doubling time of Raji cells after treatment with various concentrations of linamarin vs. control
Raji cell lives (h) Equation between
----------------------------------------------------------------------------------------- incubation time vs. Doubling

Treatments 0 24 48 72 number of living cells time (h)
Control 20.000 48.444 84.813 131.879 Y = 0.0113x+4.345 22.749
Linamarin (62.50 µg mLG1) 20.000 31.482 47.458 63.491 Y = 0.0007x+4.317 40.723
Linamarin (31.25 µg mLG1) 20.000 42.631 66.391 89.366 Y = 0.0089x+4.354 27.804
Linamarin (15.63 µg mLG1) 20.000 51.046 69.236 89.500 Y = 0.0087x+4.387 24.65

Table 3: p53 protein (%) expression on Raji cell control and linamarin concentrations of 62.5 and 31.25 µg mLG1

Expression of p53 protein on Raji cells
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Control Linamarin (62.5 µg mLG1) Linamarin (31.25 µg mLG1)
------------------------------------------- ------------------------------------------- ------------------------------------------

Replication Positive Negative Positive Negative Positive Negative
1 12 88 86 14 40 60
2 8 92 73 27 45 55
3 14 86 73 27 39 61
4 7 93 78 22 36 64
Total 41 359 310 90 160 240
Percentage±SEM 10.25±1.65 89.75±1.65 77.5±3.07 22.5±3.07 40±1.87 60±1.87
SEM: Standard error of the mean

The results of  Kolmogorov-Smirnov's analysis showed
that the average Raji cell inhibition was normally distributed
(p = 0.135), while homogeneity test results were
homogeneous (p = 0.088). The one-way ANOVA test was used
to determine the differences in Raji cell inhibition between
various linamarin treatments. The results of the one-way
ANOVA analysis revealed significant differences between the
Raji cell  inhibition levels at various linamarin concentrations
(p = 0.000).

Antiproliferation activity of linamarin in Raji cells: The
concentration of the test compound used in the doubling
time test was three concentrations  below the IC50 value
(15.63, 31.25 and 62.50 µg mLG1). Cell counts are carried out at
0, 24, 48 and 72 h. Raji cells had been previously fasted
(starved)  for 24 h using  RPMI  1640  media  containing  FBS
0.5%. Data of doubling time analysis of Raji cells after
linamarin treatment and control (without treatment) can be
seen in Table 2. 

Data   from   Table   2  shows  how  the  multiplication
times of Raji cells after linamarin treatment, at concentrations
below the IC50 value, run greater than the control times.
Linamarin concentration of 62.50 µg mLG1 can delay the
doubling times of Raji cells by±2×those of the Raji control
cells.

From Fig. 1, it can be seen that at 30 min after the
treatment of the test compound, there has been no inhibition
of  Raji  cell   growth,  in  contrast  to  observations  at 24, 48
and  72  h.  One-way  ANOVA  analysis  showed that  there
were significant differences (p = 0.023) in  the  average
number of living Raji cells, dependent upon the elapsed time
post-linamarin treatment (24, 48 and 72 h).

Expression  of  p53  protein  on  Raji  cells: The
immunocytochemical test results showed that linamarin can
increase the expression of p53 protein on Raji cells. Complete
results of p53  protein  expression  tests  are  presented in
Table 3.
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Fig. 1(a-c): Microscopic photograph of Raji, (a) Control cells (without treatment), (b) Cells treated with linamarin 32.5 µg mLG1

and (c) Cells treated with linamarin 62.5 µg mLG1 with immunocytochemical staining (magnification 400X)
Positive cells with expression of p53 protein have brown nuclei or cytoplasm, cells that are negative for p53 protein expression have purple nuclei or
cytoplasm

Table 4: Location of p53 protein expression of Raji cells control and linamarin concentrations of 62.5 and 31.25 µg mLG1

Position of p53 protein expression of Raji cells
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Nucleus Cytoplasm
------------------------------------------------------------------------------------ -------------------------------------------------------------------------

Treatments 1 2 3 4 Mean (%)±SEM 1 2 3 4 Mean (%)±SEM
Control 9 7 8 9 80.49±0.48 2 2 2 2 19.51±0.00
Linamarin (62.5 µg mLG1) 76 65 67 70 89.68±2.40 7 7 8 10 10.32±0.71
Linamarin (32.25 µg mLG1) 33 26 30 33 76.25±1.66 7 9 12 10 23.75±1.04
SEM: Standard error of the mean

According to those results, there is a tendency for greater
p53 protein expression in the treatment group compared to
the control group. Linamarin concentration of 62.5 µg mLG1

showed increased  positive  p53  protein expression in Raji
cells by 77.5±3.07%, while  linamarin  concentration  was
31.25 µg mLG1 at 40±1.87%. The one-way ANOVA test results
showed a significant difference in the number of p53 protein
expression in  Raji  cells  at  various linamarin concentrations
(p = 0.000). Details pertaining to the expression of p53 protein
in the nuclei and cytoplasm of Raji cells are  presented  in
Table 4 and Fig. 1.

From Fig. 1, it can be seen that in the Raji control cell
there was a tendency to decrease the positive p53 protein
expression, whereas in the Raji cells with linamarin, 32.5 and
62.5 µg mLG1 concentrations appeared to increase positive
p53  protein  expression, with most located in the  nuclei
(Table 4).

Linamarin cytotoxic activity in Raji cells: The cytotoxicity test
determined the value of  IC50, which is a concentration capable
of inhibiting cell growth, such as Raji cells, by up to 50%. The
smaller  the  IC50  value,  the  more  toxic  the  compound is.
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The potential for linamarin toxicity from cassava leaves
(Manihot esculenta Cranz) to Raji cells is indicated by IC50

values of 71.865±0.229  µg mLG1. At its highest concentration
(1000 µg mLG1), the percentage of Raji cell growth inhibition
was 97.550±0.005%, while the lowest concentration of
linamarin (31.25 µg mLG1) was 27.194±0.096% (Table 1). It
shows that at the higher the concentration of linamarin, the
greater the percentage of Raji cell growth inhibition, with a
significant statistical difference (p <0.05). This proves that
linamarin obtained from cassava leaves (M.  esculenta  Cranz)
can suppress the growth of Raji cancer cells. Linamarin is
found in all parts of cassava plants (M.  esculenta  Cranz), but
most abundantly at the roots, leaves and root tuber skin5.

Yusuf et al.7 found that linamarin from cassava leaves can
inhibit the growth of Caov-3 cancer cells and Hela cells with
IC50 values of 38 and 57 µg mLG1, respectively. Idibie et al.6 in
his research, stated that IC50 values decreased when pure
linamarin compounds and crude extracts of cassava tubers
were given along with linamarase enzymes on MCF-7 cancer
cells (adenocarcinoma breast cancer), HT-29 (adenocarcinoma
colon) and HL-60 (cell line leukemia). Meanwhile, the IC50

values of crude extracts are higher than linamarin if not given
along with the linamarase enzyme. Likewise, the results of Al
Fourjani's5 study showed that the IC50 values of MCF cells after
treatment with raw cassava leaf extract and boiled cassava
leaves were 63.1 and 79.4 µg mLG1, respectively.

Crude extracts are said to have strong potential as
anticancer agents if the IC50 value20 is <30  µg mLG1.  The
results of this study showed IC50 value of Raji cells after
linamarin administration to be greater than 30 µg mLG1. In fact,
they registered as high as 71.865±0.229 µg mLG1, meaning
that the potency of linamarin toxicity in active Raji cells was
weaker, or only moderately active (30<IC50<100 µg mLG1). This
was presumably due to differences in the characteristics of
cancer cells used in the study.

Raji cells are found in the Burkitt's lymphoma cell line in
humans. Burkitt's lymphoma at the molecular level is
characterized   by  synergistic  Bcl-2  and  c-myc  expressions.
C-Myc is upregulation Bcl-2, so the increase in c-myc
expression can also increase the expression of Bcl-2. As a result
of this increase in expression, cells do not experience
apoptosis21,22. Burkitt's lymphoma has chromosome
translocation that activates c-myc. In some patients it also
shows the occurrence of mutations in p53 which result in the
inhibition of the apoptotic process in these cancer cells.
Activating p16INK4a resulted in loss of CDK inhibitory
function, diminishing loss of cell control of its growth.
Changes (mutations) also occur in the expression of pRb and

p53, which are gene suppressor tumors and in other genes,
such as Bax, p73 and Bcl-6, which provide sufficient growth
signals and inhibit apoptosis in cancer cells23-25. Mutations also
occur  in  downstream Caspase-3 which causes Raji cells to be
resistant to apoptosis26,27.

The protein expression of the Epstein-Barr Nuclear
Antigen 1 (EBNA1) in Burkitt's  lymphoma,  infected  by
Epstein-Barr Virus (EBV), can also inhibit the occurrence of
apoptosis in cancer cells28. Through this mechanism, it is
suspected that Raji cells can avoid the apoptotic mechanism
triggered by linamarin compounds from cassava leaves. This
is why the suspected cause of cassava leaf extract cytotoxicity
against Raji cells is considered moderate.

Linamarin is said to be antineoplastic by its release of HCN
during the process of hydrolysis. When HCN is released, the
cancer cell is exposed to the lethal cyanide effect released by
linamarin. Linamarin is broken down and cyanide is released
only in the areas around the cancer cells. This causes gradual
cancer cell death. Because normal cells do not have the
linamarase gene, they will not be affected5,6.

Inhibition of Raji cell growth is also due to ß-carotene
content in cassava leaves. $-carotene has an anticancer
mechanism by its carcinogen-modulating metabolism and
antioxidant activity, thus modulating the immune system,
increasing cell differentiation, stimulating communication gap
cell junctions to cells and affecting retinoid-dependent
signals29. $-carotene is also directly related to inhibition of cell
proliferation, increased apoptosis, induces cell cycle arrest14.
In his research, Enger et al.16 stated that $-carotene is
protective toward colon adenoma in the early stages of tumor
formation. The same thing was determined by Gloria et al.14

who proved that carotenoids were able to increase breast
cancer cell apoptosis.

Inhibition of Raji cell growth by linamarin can also be
influenced by vitamin C. Cassava leaves contain vitamin C of
103 mg, higher than other green vegetables16. Vitamin C is
known to act as an antioxidant in preventing infection, helps
the absorption of iron and calcium and is associated with the
synthesis of collagen, carnitine, noradrenaline and serotonin
in the body30-33. Besides its function, vitamin C also plays an
important role in activating genes involved in DNA repair, as
well as modulating DNA damage in ROS-affected cells. The
results of the Kontek et al.17 study prove that vitamin C has a
positive effect on the level  of  oxidative  DNA  damage.
Vitamin C provides a protective effect for normal tissue to
counteract the activity of toxic substances and their
metabolites, thus affecting the extent of colon cancer cell
inhibition34,35.
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Antiproliferative activity of Raji cells: Analysis of cell
proliferation inhibition can be done by the doubling time test.
Compounds that delay the multiplication times of cells can
inhibit genes or proteins that regulate the cell cycle. The
doubling time test is done by counting the number of cells
treated in a time unit (e.g., 24 h). Each sample is calculated by
a hemocytometer and then a curve with cell number versus
incubation time is made. Differences in cells’ doubling times
can be determined from the slope of the curve or calculated
by extrapolation36. Raji cells were previously fasted (starved)
for 24 h using RPMI 1640 media containing FBS 0.5%.
Reducing this growth signal is necessary because it reduces
the speed of cell growth, which causes the cell to be in the
same initial start, or G0 phase. Without fasting when treated,
the cells remain in different phases which makes it difficult to
observe the inhibition properties of linamarin on cell cycle
progression37.

From Table 2, it can be seen that the doubling time value
of  Raji  cells  with  linamarin  treatment  concentrations  of
62.5 µg mLG1 is greater than the doubling time value of Raji
cells with  linamarin treatments of 32.5 and 15.63 µg mLG1.
This  is  supported  by  the  linamarin  curve  slope  value  of
62.5 µg mLG1, which is smaller than the linamarin slope curve
of the treatment with 32.5 and 15.63 µg mLG1. This means that
linamarin 62.5 µg mLG1 has a better  chance  of  postponing
cell  doubling  time  of  Raji  cells than linamarin 32.5  and
15.63 µg mLG1. It is suspected that the linamarin in cassava leaf
extract can inhibit genes or proteins that regulate cell division.
It may inhibit signal transduction through inhibition of growth
signals or through inhibition of cell cycle progression by
inhibiting proto-oncogenes such as CycD, cdk 4/6 and c-myc.
Similarly, it may activate suppressor tumors such as caspase
3/8/9, p53, pRb and Bcl2 inactivation5,6.

The  data  in Table 2 shows that the doubling time value
of  Raji  cells  with   linamarin  treatment  concentrations  of
62.5 µg mLG1 is twice the doubling time value of Raji cells
without treatment (control). This means that linamarin
concentration of 62.5 µg mLG1 can cut the doubling time of
Raji cells to half that of Raji cells doubling times without
treatment (control). The price of doubling time for linamarin
treatment is greater than that for control. This indicates that
linamarin has the ability to inhibit Raji cell proliferation and
possess cytotoxic activity. The higher the linamarin
concentration, the longer the doubling time of Raji cells. A
linamarin construction of 31.25 µg mLG1 can inhibit cell
proliferation better than linamarin 15.63 µg mLG1. This
inhibition may occur in  signal  transduction through
inhibition of growth signals or through  inhibition  of  cell cycle

progression by inhibiting proto-oncogenes such as CycD, cdk
4/6 and C-Myc. Or, it may be able to activate suppressor
tumors such as caspase 3/8/9, p53, pRb and Bcl2
inactivation38,39.

Expression of p53 protein in Raji cells with linamarin
treatment: Immunocytochemical analysis is intended to
determine the expression of p53 protein in Raji cells. In this
study antibodies can be used to detect both wild and mutant
type p53 proteins in cancer cells. Positive expression of p53
protein is indicated by brown color in the cell nucleus or
cytoplasm; wild or mutant  types  cannot  be distinguished.
The results showed that linamarin could increase the
expression of p53 protein in Raji cell. Linamarin concentrations
of 62.5 µg mLG1 can increase positive p53 protein expression
(77.5±3.07%) greater than linamarin 31.25 µg mLG1

(60±1.87%) (Table 1). In Raji control cells or with linamarin
treatment from cassava leaf extract, most p53 protein
expressions are located in the cell nucleus, although some are
located in the cytoplasmic part (Table 3). The control cells also
shown have positive p53 protein expression but the amount
was less than the treatment with linamarin concentrations of
31.25 and 62.5 µg mLG1 (Fig. 1). This shows that Raji cell death
occurred through the mechanism of inhibition of Raji cell
proliferation, by activating suppressor gene tumors such as
p53. The presence of stress or DNA damage can spur the
expression of p53 protein in Raji cells40.

The increase in p53 protein expression in Raji cells after
the linamarin treatment proved several possibilities: first, the
increase was an increase in wild type p53 expression. P53
protein is encoded by p53 tumor suppressor genes and has an
important role in cell regulation and proliferation23. The wild
type of p53 protein is expressed very little in normal
conditions, but there will be an increase in  response  to
normal cells if there is DNA damage41. Increased expression of
wild-type p53 will be activated through the p21 protein to
stop DNA replication and cell division when DNA damage
occurs. This happens because an increase in p53 protein will
stimulate p21 gene transcription. The p21 protein is an
inhibitor of CDK and has the ability to inhibit phosphorylation
of pRB, thus blocking the release of E2F transcription factors
and DNA replication. However, if DNA damage is too severe
and cannot be repaired, p53 will induce apoptosis by
stimulating Bax transcription, which will then inhibit the
activity of the Bcl2 gene42. The Bcl2 gene functions to inhibit
the response of apoptosis to various cell types caused by
various stimulations related to apoptosis. Thus, p53 plays an
important role in preventing the accumulation of cells with
DNA abnormalities that can mutate into cancer cells43.
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If the p53 expression is the wild type, then DNA damage
will cause a rapid rise in p53 protein expression, thus inducing
a   resting  phase  of  the cell  cycle  during  the  G1 phase.
Wild-type p53 will cause a cessation of growth in the G1
phase44, thus providing sufficient time for the DNA repair
genes such as MLH, MSH2, PMS1, PMS2, Mdm2, BRCA1 and
BRCA2

45. If the DNA damage can be repaired, the cell will
continue to divide into the S phase; if this improvement is not
possible, then p53 will induce apoptosis46.

The second possibility is that the increase in p53
expression is an accumulation of mutant type p53. P53
mutations will cause the protein to be more stable and have
a longer half-life than the wild type. This causes the mutant
type of p53 protein to be more easily detected
immunocytochemically, although positive expression of p53
is not always associated with its gene mutation47.

P53 mutation is the most common genetic lesion in
neoplasms. P53 mutations are associated with increased
cellular proliferation and transformation toward malignancy48.
They will cause changes in the encoded protein products, so
they cannot stimulate the transcription of p21 and Bax42, thus
causing the accumulation of cells with DNA damage, which
can turn into cancer cells23.

The presence of positive p53 protein expression in the
cytoplasm shows that inhibition of Raji cell growth occurs in
the G1 phase of the cell cycle. Linamarin from cassava leaves
can increase the expression of p53 protein in the cytoplasm
compared to the control cells. Linamarin is thought to inhibit
cell division in the G1 phase of the cell cycle by increasing the
expression of p53 protein in the cytoplasm. According to
Groeger et al.49, most of the p53 genes act as 'the guardian of
the genome': (1) p53 levels increase rapidly in response to
DNA damage, (2) cause cell cycle inhibition during the G1
phase, (3) give cells time to repair DNA damage, (4) if damage
cannot be repaired, p53 will induce programmed cell death
(apoptosis). Both wild type and mutant proteins migrate in the
cell nucleus known as Nuclear Localization Signals (NLS) that
are  attached  to  their primary sequences50. According to
Burck et al.51 and McManus and Alessi52 p53 wild-type causes
growth inhibition in the G1 phase, so that it can be interpreted
that in order to enter S phase of the cell, p53 must be inactive.

Overall it can be concluded that linamarin from cassava
leaves is toxic to Raji cells and can inhibit Raji cell proliferation
through increased expression of p53 protein. The expression
of p53 protein cannot be distinguished whether p53 is wild or
mutant type but seeing the expression of p53 protein in the
cytoplasm shows that inhibition of Raji cell proliferation is
through cell cycle progression inhibition that occurs in the G1
phase.  This  provides  an  opportunity  for  genes  that  control

DNA repair to restore DNA function. The limitation of this
study is that it only observes the mechanism of Raji cell
proliferation via p53 protein induction, so further research is
necessary to discern the pathway(s) for proliferation inhibition
through apoptosis induction, p21 expression, DNA repair
pathways and proliferative inhibition locations in the G1 phase
of the cell cycle.

CONCLUSION

Linamarin isolated from cassava leaves (M. esculenta
Cranz) has the potential to be developed as an anticancer
agent. Linamarin from cassava leaves (M.  esculenta  Cranz)
has cytotoxic activity on Raji cells with IC50 values of
71.865±0.229 µg mLG1, antiproliferation activity on Raji cells
with a doubling time value of 40.723 h on linamarin
concentration of 62.5 µg mLG1 and can increase the expression
of p53 protein in the nuclei and cytoplasm of Raji cells.
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