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ABSTRACT

Introduction: Different changes in the environment drives the body to adapt for survival. Exposure
to toxic agents can release free radicals from cellular metabolism that serve as a medium for a
healthy cell to mutate. Let-60 gene or let-23 EGFR (epidermal growth factor receptor) regulated
epithelial tissue development and homeostasis. However, inappropriate activation of EGFR is
driver of tumorigenesis. Taro, root vegetable whose corm is often consumed as food. Aim: Taro’s
optimal protein content is investigated for its reduction properties against the development of
vulva in Caenorhabditis elegans. Caenorhabditis elegans is an auxotrophic nematode that is
often utilized as a representative of a mammal due to its genotypic similarities. Methods: Three
concentrations, 0.5 mg/mL, 10 mg/mL and 50 mg/mL were subjected to the synchronized-growth
Caenorhabditis elegans. Neither concentration utilized was toxic to the initial development of the
nematode. The synchronized L1 stage C. elegans worms, which were cultivated from the nematode
growth medium at 20°C, were utilized and transferred into 4 NGM plates for a more synchronized
growth. The worms of L1 stage were obtained and flooded with E. coli OP50 as its food source.
The worms of L1 stage were then grouped according to the concentration. The number of worms,
those with and without vulva, are quantified. Results will be tabulated and Two-way mixed ANOVA
was used to compare the effectiveness of the concentrations used and to analyze the significant
difference between the data collected. Results: The 10 mg/mL concentration of Caenorhabditis
elegans extract yielded the greatest number of nematode sans their vulva. Conclusion: No
concentration of the extract was detrimental to the viability to the nematode after 24 hr of
treatment. The taro extract may have reduced the vulva in Caenorhabditis elegans at the 10 mg/mL
and 50 mg/mL concentration. Among the three concentrations, the 10 mg/mL had the most
significant reducing effect.
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INTRODUCTION

Taro (Colocasia escnlenta) is a starchy edible plant wealthy
of vitamins and nutrients and traditionally been used
as a medical plant for curative purposes. A wide variety
of bioactive compounds can be extracted from all plant
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parts of taro and these compounds were shown to have
important pharmacological activities including wound
healing, antioxidant, antimicrobial and anti-inflammatory
properties. Also, Brown!'l established that the Taro
corm exhibited an anti-proliferative characteristic on a
colon cancer cell line of a laboratory rat. Likewise, the
crude taro extract inflicted 7% vivo proliferation of B220*
splenocyte and distinct decrease in the immature B220*
B cells in the bone marrow of BALB/c mice Pereira.”
Due to its title of being a standard model organism for
a variety of genetic investigations, Caenorhabditis elegans
is used to demonstrate the reducing aptitude of Taro
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at its let-60 gene. The focal problem of this research
study is to discern the effect of taro extract (TE) to
the vulval development in C. elgans. Specifically, this
research will discern the concentration of taro that
will and will not exhibit toxicity on the C. elegans. 1t will
also focus on the concentration of the taro extract that
will it affect the wvulval development. Lastly, the
concentration of the taro extract that will be most
effective in reducing the vulva of the nematode. This
study will focus mainly on the effect of Colocasia esculenta
extract in reducing the vulval development in let-60 Cae-
norhabditis elegans. Other effects of the plant on the said
model are not covered by this study. Also, the research-
ers will select only one market to purchase taro corm to
avoid any disturbances and ensure the same quality of
the plant.

METHODOLOGY
Case Study Research Design

This research entitled “Effect of Colocasia esculenta (Taro)
extract in the reduction of Vulval development in
let-60 gene of Caenorbabditis elegans” will utilize quantitative
experimental research. This research was formulated
to determine the effectivity of the Taro corm extract
towards vulval development as a model for its anti-
meta static activity. Such effectivity will be determined
through the different concentrations of the said extract
needed to affect the formation of vulva in C. elegans.

Study Setting

The extraction of the taro corm was conducted at
University of the Philippines Research Laboratory and
freeze dried at University of Santo Tomas Research
Center for the Natural Sciences and Applied Sciences.
Testing the effectivity of taro was administered at Far
Eastern University Research Laboratory, Sampaloc
Manila.

Data Collection

The plant used for this study was taro. Also, the nematode,
C. elegans, was utilized. Taro was purchased from Iriga
Local Market, Camarines Sur, Bicol Region and was
transported and stored at Far Eastern University (see Figure
1). It was presented to the Bureau of Plant Industry for
verification and authentication. The nematode, C. elegans
was ordered from United States of America, transported
to University of the Philippines, Manila campus.
Eventually, it was transported and stored in Far Eastern
University, Manila.

Data Gathering Procedure
Taro extract preparation and lyophilization

The 3 kilograms of taro corm was prepared and
extracted in University of the Philippines Manila Natural
Products Laboratory using ammonium sulfate pro-
tein precipitation (see Sig 2). According to Wingfield,”
ammonium sulfate precipitation is commonly utilized
method in the precipitation of protein. At principle,
higher concentration of the salt would mean lower the
solubility of the protein in the solution. Hence, more
are lead to precipitate. After the extract was obtained,
it was lyophilized at the University of Santo Tomas
Research Center for the Natural Sciences and Applied
Sciences (see Figure 3 and 4).

Protein Estimation of Taro

According to He," the process of total protein content
was initiated through crude extract with a working
standard solution (0-100mg/mL) of bovine serum
albumin (BSA) or test substance (ImL) was introduced
into each tube. To which, 1.5 mL of Bradford reagent
was added. The tubes were mixed thoroughly and could
stand at room temperature for 5 min. The absorbance
of the reaction mixture was read at 595nm.

Preparation of LB Broth

Approximately, 20 g of Luria-Bertani (LB) broth powder
was measured and suspended in 1 liter of distilled
water. Afterwards, the solution was thoroughly mixed
and dissolved through heating with frequent agitation.
The solution was let boil for 1 min until complete
dissolution was achieved. Meanwhile, screw-cap test
tubes were sterilized and autoclaved at 121°C for 15 min.
The solution was transferred and were set-aside to cool
down. Right after, the solution was poured in screw
capped tubes.

Preparation of LB Agar

Through an analytical balance, 35 g of Luria-Bertani
(LB) agar powder was measured. The powder was
dissolved in 1 liter of distilled water. Further dissolving
was completed through heating with frequent agitation.
The solution was let boil for 1 min until complete
dissolution was achieved. The containers, encompassing
the solution, were sterilized and autoclaved at 121°C for
15 min. As such in the preparation of LB broth, the
Luria-Bertani (LB) agar solutions were allowed to cool
down. Concurrently, the prepared solution was poured
in plates.
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Preparation of Nematode Growth Medium

Researchers utilized a pre-wielded nematode growth
medium, specifically designed for C. elegans, from
Carolina Biological Supply Company. The bottle of
NGM, which contained 135ml. of the medium, was
placed in a beaker filled with water to ensure proper sub-
mersion. Afterwards, it was heated on a hot plate until
the medium fully liquefied. Consequently, it was let to
cool down before. The liquefied NGM were transferred
to approximately 30 plates per bottle. The medium was
stored at 20°C for 48 hr before using, The medium was
sealed to prevent contamination and drying.

Seeding NGM plates

Approximately, 0.01 mL of Escherichia coli OP50 liquid
culture was transferred using a pipette and were spread
to the center of the NGM plates — creating a bacterial
lawn. Afterwards, desired number of C. elegans was
introduced to the media. The plates, containing the C.
elegans flooded with Escherichia coli OP50, was stored
under 20°C according to Costasince it is easy to maintain
and has a very fast life- cycle. Its genome is small and
a virtually complete physical map in the form of cosmids
and YAC clones exists. Thus it was chosen as a model
system by the Genome Project for sequencing, and it is
expected that by 1998 the complete sequence (100 million
bp.PI Plates are pulled-out from its environment whenever
necessary.

Synchronization

According to Ceréntransparency and short life cycle
that have made it a suitable experimental system for
fundamental biological studies for many years 2.
Discoveries in this nematode have broad implications
because many cellular and molecular processes that
control animal development are evolutionary conserved 3.
C. elegans life cycle goes through an embryonic stage
and four larval stages before animals reach adulthood.
Development can take 2 to 4 days depending on the
temperature. In each of the stages several characteristic
traits can be observed. The knowledge of its complete
cell lineage 4,5 together with the deep annotation of
its genome turn this nematode into a great model in
fields as diverse as the neurobiology 6, aging 7,8, stem
cell biology 9 and germ line biology 10. An additional
feature that makes C. elegans an attractive model to
work with is the possibility of obtaining populations
of worms synchronized at a specific stage through a
relatively easy protocol. The ease of maintaining and
propagating this nematode added to the possibility

of synchronization provide a powerful tool to obtain
large amounts of worms, which can be used for a wide
variety of small or high-throughput experiments such
as RNAI screens, microarrays, massive sequencing,
immunoblot or in situ hybridization, among others.
Because of its transparency, C. elggans structures can
be distinguished under the microscope using Differ-
ential Interference Contrast microscopy, also known
as Nomarski microscopy. The use of a fluorescent
DNA binder, DAPI (4,6-diamidino-2-phenylindole,!
synchronization is permitted through granting the
nematode to grow until adult stage. 90 gravid adult
worms were picked and transferred to 3 NGM plates,
each containing 30 worms. Initial step of synchronization
allowed the researchers to harvest gravid adults through
dousing the plates with M9 buffer. Afterwards, the solu-
tion from the doused plates were transferred to 15 mL
screw-cap test tubes. The tubes were then centrifuged
for 10 min at 1500 rpm at room temperature. The
supernatant was discarded through a Pasteur pipette.
Right after, it was washed, three times, until the test tube
appeared clear to the naked eye.

Then, the desired bleaching solution, an alkaline hypo-
chlorite, was added to the test tubes containing the
solution. Alkaline hypochlorite is utilized to disintegrate
the worms sans the eggs. The eggs are not affected due
to its shell’s insensitivity to bleach.”’ The tubes were
agitated for 3 to 9 min through a centrifuge. To stop
the reaction of the bleaching solution, the M9 buf-
fer was added to fill the tube. The tubes were centri-
fuged once more for 10 min at 1500 rpm to completely
cease the reaction. Afterwards, the supernatant was
discarded. Washing of the tubes, through the M9 buffer,
were performed three more times to completely wash
the eggs. Agitation, through manual mixing, was
performed to conclude the synchronization. The solution
was transferred to a plate for final microscopic observation
(See Figure 5).

In vitro toxicity testing on Caenorhabditis elegans

The L4 stage C. elegans worms grown in NGM were
used for toxicity testing. It was gathered and transferred
into four plates containing 15 worms each. The first
group which was the control along with the second,
third and fourth group were treated with the food
source, E. co/i OP50 before it was flooded with the
extract in different concentrations, 0.5 mg/mlL, 10 mg/mL
and 50 mg/mlL respectively. Growth and development
of the nematode was monitored after 24 hr. Then
numbers of alive and dead worms were determined
under a microscope.
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Testing for the effect of the Taro extract to
C. elegans

The synchronized L1 stage C. eegans worms, which were
cultivated from the nematode growth medium at 20°C,
were utilized and transferred into 4 NGM plates for a
more synchronized growth. The worms of L1 stage
were obtained and flooded with E. co/7 OP50 as its food
source.

The worms of L1 stage were then grouped into four
according to the concentration — the control, 0.5 mg/mlL.,
10 mg/mL and 50 mg/mL. The first group was the
control. The nematodes were only treated with E. co/i
OP50. The second, third and fourth groups were
flooded with the extract in different concentrations —
0.5 mg/mL, 10 mg/mL and 50 mg/mlL, respectively.
The worms were monitored after 48 hr upon introduction
of the extract. Three (3) trials were performed by the
researchers. Results were monitored and determined
under a stereomicroscope. This was done to supervise
a more accurate and precise quantification of vulval
reduction.

Mode of Analysis

To evaluate the research, the number of worms, those
with and without vulva, are quantified. Afterwards,
results will be tabulated and Two-way mixed ANOVA
will be used to compare the effectivity of the concen-
trations used and to analyze the significant difference
between the data collected.

RESULTS

Protein estimation of Colocasia esculenta (Taro)
extract

Table 1 shows the protein content of the sample in
different trials with their corresponding corrected
absorbance. Trial 1 contains 200.01 mg of proteinin 1 g
of sample. Trial 2 contains 197.35 mg of proteinin 1 g
of sample. Trial 3 contains 205.35 mg of protein in
1 g of sample. The mean total protein of the trials 1 to
3 yields 200.90 mg of protein in 1 g of sample.

In vitro toxicity testing of C. elegans

Table 2 shows the result of toxicity testing of
Colocasia esculenta extract in 0.5 mg/mL, 10 mg/mL and
50 mg/mL to fifteen (15) L4 C. elegans.

DISCUSSION

From the Table 2, the control exhibited a ratio of 15:0
(alive: dead) from trial 1 to trial 3. At 0.5 mg/mL
concentration there were no dead C. elegans found in
trials 1 and 3, however trial 2 yielded a ratio of 13:2.
At 10 mg/mL, all trials yielded a ratio of 15:0. At
50 mg/mlL yielded a ratio of 15:0 in trials 1 and 3 but
12:3 in trial 2 (see Sig 6 and 7).

As seen in Table 3, all C. elegans present in the negative
control contained vulva — from Trial 1 to Trial 3. On
the other hand, few C. e/egans found in 0.5 mg/ml. had
no vulva upon introduction of the extract. In trial 1,
4 nematodes out of 15 had no vulva. Trial 2 showed
that 3 out of 15 had no vulva. Furthermore, 6 out of
15 nematodes showed no vulva at trial 3. At the 10 mg/mL
concentration, trial 1 showed 6 out of 15 C. elegans lost
its vulva. 8 out of 15 nematodes without vulva was seen
in both trial 2 and 3. Additionally, at the 50 mg/mlL,
5 nematodes showed no vulva at trial 1 while 6 and 7
nematodes showed no vulva at trial 2 and 3, respectively
(see Figure 8 and 9).

Testing for the simple main effects for treatment group
means testing for differences in number of C. elegans
with vulva between treatment groups at each category
of the within-subjects factor, time periods. As there
are two categories of the within-subjects factor in this
study, there will be two separate tests required,
pre-treatment and post-treatment.

As shown in Table 4, there was no statistically significant
difference in number of C. elegans with vulva between
treatment groups at the pre-treatment of taro extract,
F(3, 8) = 0.692, p = .582. However, results for post-
treatment show different effects. There was statistically
significant difference in number of C. elegans with vulva
between treatment groups at the post-treatment of taro
extract, F(3, 8) = 25.33, p <.001.

As seen in Table 5, the number of C. elegans with vulva
was statistically significantly less than the number of
C. elegans in each of the three concentrations of taro
extract as compared to the negative control group:
M=4.0,5E =.943, p = .012 for 0.5 mg/ml taro extracty
M =170, SE = .943, p <.001 for 10 mg/mL of taro
extracty M = 6.0, SE = .943, p = .001 for 50 mg/mL.
Also, number of C. ¢legans with vulva of 10 mg/mL of
taro extract (M = 7.67, §D = 1.53) was also significantly

Table 1: Concentration of total protein in samples.

Corrected Absorbance mg protein/g sample Standard

Sample Mean . SEM
Trial 1 Trial 2 Trial 3 Trial 1 Trial 2 Trial 3 Deviation

Taro 0.15 0.148 0.154 200.01 197.35 205.35 200.90 4.07 2.96
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Table 2: Toxicity testing of control, 0.5 mg/mL, 10 mg/mL, 50 mg/mL of taro extract in Fifteen (15) L4 C. Elegans.

Trial 1 Trial 2 Trial 3
Plates
Alive Dead Alive Dead Alive Dead
Control 15 0 15 0 15 0
15 L4 C. elegans + E.coli + D.H,0O
0.5 mg/mL 15 0 13 2 15 0
15 L4 C. elegans + 0.5 mg/mL + E.coli
10 mg/mL 15 0 15 0 15 0
15 L4 C. elegans + 10 mg/mL + E.coli
50 mg/mL 15 0 12 3 15 0

15 L4 C. elegans + 50 mg/mL + E.coli

Table 3: Testing of Taro extract on the vulval development of C. elegans in Fifteen (15) L4 C. elegans in control,

0.5 mg/mL, 10 mg/mL and 50 mg/mL.

Trial 1 Trial 2 Trial 3
Plates With Without With Without With Without
vulva vulva vulva vulva vulva vulva
Control 15 0 15 0 15 0
15 L4 C. elegans + (E.coli + D.H,0)
0.5 mg/mL 11 4 12 3 9 6
15 L4 C. elegans + 0.5 mg/mL of extract + E.coli
10 mg/mL 9 6 7 8 7 6
15 L4 C. elegans + 10 mg/mL of extract + E.coli
50 mg/mL 10 ® 8 6 8 7

15 L4 C. elegans + 50 mg/mL of extract + E.coli

Table 4: Tests of Simple Main Effects for Treatment Groups for Taro Extract Concentrations and Control Group.

Treatment Group Type lll Sum of Squares df Mean Square F Sig. Remarks
Pre-Treatment 2.25 3, 8) .75 .692 .582 NS
Post-Treatment 95.0 (3, 8) 31.67 25.33 <.001 **

NS. Not significant at p < 0.05, **p < .01

less than the number of C. elegans with vulva of 0.5 mg/mL
of taro extract (M = 10.67, SD = 1.53). The number
of C. elegans of any other pair of treatment groups in
the post reduction was not statistically different from
each other. This means that the taro extracts with doses
0.5 mg/ml., 10 mg/mL and 50 mg/mL are effective in
reducing or eliminating vulva in C. elegans.

Further scrutiny of the results in Table 4 and Table 5
and using Table 6 and Figure 1, the number of C. elgans
with vulva at 10 mg/mL taro extract concentration
group at the pre-treatment (M = 15, SD = 0.0) largely
decreased after hours of treatment (M = 7.67, 5D = 1.10).
Also, the number of C. elegans with vulva at 0.5 mg/mL
taro extract concentration at the pre-treatment or before
the vulva reduction (M = 14.33, SD = 1.16) largely
decreased after hours of taro extract treatment
M = 10.67, SD = 1.53). Moreover, the number of
C. elegans with vulva at 50 mg/mL of taro extract
M = 14, $D = 1.73) has also significantly decreased

64

Table 5: Pairwise Comparisons Using Bonferroni
Adjustments between Treatment Groups for Taro

Extract Concentrations and Control Group in the
number of C. elegans with vulva at Post-Treatment

Treatment
Mean _
Group . p-value Decision
. Difference
Comparisons
Group 1 vs. DS >TE
Group 2 4.33 0.006** (0.5 mg/mL)
Group 1 vs. DS >TE
Group 3 7.33 <0.001** (10 mg/mL)
Group 1 vs. DS >TE
Group 4 6.33 0.001** (50 mg/mL)
Group 2 vs. TE (0.5 mg/mL)
Group 3 3.00 0.044* >TE (10mg/mL)
Group 2 vs.
Group 4 2.00 0.205N -
Group 3 vs.
Group 4 -1.00 0.702Ns -

Group 1- Control (DS), Group 2- Taro extract (0.5 mg/mL), Group 3-Taro extract (10
mg/mL), Group 4 - Taro extract (50 mg/mL)
NS. Not significant at p < 0.05, *. p< 0.05, **.p < 0.01
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Table 6: Descriptive Statistics of Number of

Estimated Marginal Means of Vulva_Counts

- . Treatme
C. elegans with Vulva of Three Varying Taro Extract 167 ch'.m;sm
Concentrations and One Control Group in Two Time oy
Periods. 10 mghil
14+ a 50 mghml
Treatment Mean Std. N @ N
Groups Deviation :'E: "\\.
Pre-Treatment Control 15.0 .00 3 B 127 N
£ \\
o
0.5 mg/mL 14.33 1.155 3 5 .
= .
10mg/mL  15.00 .000 3 2 10
g N
50 mg/mL 14.00 1.732 3 = B
w 5]
Total 14.58 .996 12 .
Post-Treatment Control 15.00 .000 &
0.5 mg/mL 10.67 1.528 3 .
10 mg/mL 7.67 1.155 3 1 3
50 mg/mL 8.67 1.155 3 Figure 1: Profile plots of number of C. elegans with vulva of
Total 10.50 3.090 12 three varying taro extract concentrations and one control

group in two time periods.

Table 7: Tests of Simple Main Effects for Time Periods for Taro Extract Concentrations and Control Group.

Treatment Group Type lll Sum of Squares df Mean Square F Sig. Remarks
Distilled Water 1350.00 (1,2) 1350.00 NS
Taro extract (0.5 mg/mL) 20.17 (1, 2) 20.17 6.37 128 NS
Taro extract (10 mg/mL) 80.67 A,2) 80.67 121.0 .008 *
Taro (50 mg/mL) 42,67 (1, 2) 42.67 36.57 026 *
NS. Not significant at p>0.05, *. p<0.05, **. p<0.01
after hours of taro extract treatment (M = 8.67, .026 was significantly effective in eliminating vulva in
SD =1.16). In other words, the treatment of taro extract  C. elegans.
was significantly effective in eliminating or reducing
vulva in C. elegans. CONCLUSION

Testing for the simple main effects for time periods
means testing for differences in number of C. elegans
with vulva between time points at each category (group)
of the between-subjects x” factor, treatment groups. As
there are four categories of the between-subjects factor
in this study, there will be four separate tests required.
The summary of the results is shown in Table 7.

As displayed in Table 7, there was no statistically signifi-
cant effect of time on number of C. elgans with vulva
for the negative control. There was also no statistically
significant effect of time on number of C. elegans with
vulva for the 0.5 mg/mlL taro extract concentration,
F(1,2) = 6.37, p = .128. In other words, this taro extract
concentration failed to eliminate or reduce vulva in
C. elegans. Meanwhile, each of the other treatment
groups: 10 mg/mL taro extract, F(1, 2) = 121.0, p =
.008 and 50 mg/mL taro extract, F(1, 2) = 42.67, p =

According to the data gathered in acute toxicity assay,
no concentration of the extract was detrimental to
the viability to the nematode after 24 hr of treatment.
Through the performed experiment and the data gathered,
the taro extract may have reduced the vulva in
Caenorbabditis elegans at the 10 mg/mL and 50 mg/mL
concentration. On the test of its reducibility char-
acteristic, the number of C. elgans with vulva were
significantly less in each of the three concentrations of
taro extract as compated to the negative control group.
Among the three concentrations, the 10 mg/mL
had the most significant reducing effect. Albeit, the
significance of the 50 mg/mlL is at close-range with
that of the 10 mg/mL. This could also mean that the
concentration of the taro extract which will reduce the
vulva development of the C. elgans is between these
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values. However, even with the gathered data, the results
were still inconclusive due to different external factors
such as starvation, temperature and the increased
population in the prepared mediums. These conditions
may lead to the reduction of the vulva disregarding the
treatment performed on the model.
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ABBREVIATIONS

EGFR: Epidermal growth factor receptor; BSA:
Bovine Serum Albumin; TE: Taro Extract ; LB: Luria-
Bertani; NGM: Nematode Growth Medium.

SUMMARY

Let-60 gene or let-23 EGFR (epidermal growth factor
receptor) regulated epithelial tissue development and
homeostasis. Inappropriate activation of EGFR may
lead to production of tumor. Optimal protein content
in taro extract is investigated for its reduction propet-
ties against the development of vulva in Caenorbabditis
elegans. Caenorhabditis elegans is an auxotrophic nematode
with similar genotype as with mammals. Three concen-
trations of taro extract, 0.5 mg/mL, 10 mg/mlL, and
50 mg/mL were subjected to the synchronized-growth
Caenorbabditis elegans. Neither concentration utilized was
toxic to the initial development of the nematode. The
synchronized L1 stage C. elegans worms, which were cul-
tivated from the nematode growth medium at 20°C. The
C. elegans of L1 stage were obtained and flooded with
E. ¢oli OP50 as its food source. The worms of L1 stage
were then grouped according to the concentration. The
number of worms, those with and without vulva, are
quantified. Among the differecnt concentrations, the
10 mg/mlL concentration of Colocasia esculenta extract
vielded the greatest number of nematode sans their
vulva.
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