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ABSTRACT

to fuel cells and nanoparticle technology with the ability to catalyze reactions a

rable energy

Introduction: The increased presence of radiation and toxins in the atmosph@;@given rise

levels. The purpose of this experiment was to determine the lasting effects of § synthesized catalyst

on a model organism, Caenorhabditis (C.)elegans. Methods: Copper
copper (1) oxide (i.e. CupO) to dissociate the copper composition effects
ticles themselves. The prospect of testing both defecation rate a

s tested alongside
se of the nanopar-
ize differences allowed for C.

elegans to be utilized due to their low maintenance costs, ma nefonal pathways, and short-
generation times. Results: The results indicated significan iclyeffects in wild-type worms as

witnessed by the decreases in nematode defecation rat
lar results in SMF-1 and PCS-1 mutants by Cu,O catalys

th by copper sulfate, with simi-
ic synthesized form. Conclusion:

These outcomes reinforce the known effects of metal oxidd#on pollutants and highlight the need

for further testing with additional variables such as\@wg pH and temperature.
n@ es, Environmental Pollutants, Metal Oxide
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Catalyst, SEM

anufactur-

INTRODUCTION

The predicament created by the rj
ing, attributed to industrial gro fter the 1850s,
has slowly eroded the once @é atmosphere that
was present before th human emissions. Al-
though billions of do e&fresearch ensue every year
in search of cat onverters, little attention is
given regardy ffective application and installa-
tion of th%ﬂverters to solve unfavorable energy
process

A tial promising solution to this issue includes
@\se of complete oxidative catalyst agents, capa-

& e of absorbing organic pollutants while leaving a

limited resulting environmental trace!. This partic-

ular study employs cubic-shaped particles for testing
nematodes under 48-h time intervals with copper(I)
oxide (i.e. CupO) nanoparticles and copper sulfate,
and for quantifying each facet’s potential bodily ef-
fects if implemented in toxin remediation?. Wild-
type, as well as SMF-1 and phytochelatin synthase
(PCS-1) gene-lacking mutant Caenorhabditis (C.) ele-
gans, were used to quantify the toxicity effects on bod-
ily size and defecation rate. It was predicted that all
three genotypes would have insignificant differences
in both assays when treated with water. It was also
expected that SMF-1 and PCS-1 mutants would have

decreased body size and defecation rate due to the re-
spective transport and metal tolerant roles assigned to
each missing gene.

MATERIALS — METHODS
Synthesis

All reagents were used as received. In a typical proce-

dure, all steps were carried out as referenced in Sui et
3

al.”.

Characterization

The plugs were inserted into an FEI XL-30 Field Emis-
sion ESEM/SEM (scanning electron microscope)
(Field Electron and Ion Company, Hillsboro, OR)
with energy-dispersive X-ray spectroscopy (EDS) ca-
pability, as described by Murphy et al.*. The field
emission gun tip then initiated a narrow electron
beam, allowing for image analysis (as documented in
Figure 1), as well as atomic mass percentage break-
down?.

C. elegans worm culture and treatment with
nanoparticles

All C. elegans strains were cultured on a growth
medium with Escherichia (E.) coli strain OP50 as the
SMF-1 and PCS-1 mutants were in-
cluded in each sampling preparation, as described

food source.

Cite this article : Zizzo J. Toxicity effects of Cubic Cu;0 nanoparticles on defecation rate and length

in C. Elegans. Biomed. Res. Ther.; 7(10):4045-4051.

4045


https://crossmark.crossref.org/dialog/?doi=10.15419/bmrat.v7i10.639&domain=pdf&date_stamp=2020-10-31

Biomedical Research and Therapy, 7(10):4045-4051

9
&S

XS
Q
>

Figure 1: SEM Images of the copper (I) oxide (Cu,0) c

by Mashock®. Formulation of dried nanop rtig
into viable solution involved transferring %\to
a 1.5 mL microcentrifuge tube and dissol% 5%
ethanol at 200 mg/ml. This was followed.by b¥th soni-
cation for 5 min to disperse particl %

hSubsequent

vortexing for 5s. Next, 10 o icles was then

immediately transferred int
followed by addition of
(DI) water. This mix
The copper sulfate

icrocentrifuge tube,
of sterile deionized
then vortexed for 30 s.
i¥n was prepared using a stock
0.1 M vial wit}&a tock to DI water ratio. Thus, 1
mL in total v&' intained across all organized sam-
ple tube water control consisted of 990 uL of
DI waterSpixed with 10 pL of 95% ethanol. Finally,
20 of the nanoparticle, copper sulfate, and water

ions were pipetted on top of the OP50 bacteria

&row‘th medium in each condition’s respective plates.

These were then allowed to incubate for 48 hours at

\Q) 20°C.

Defecation and size analysis

Defecation was assayed using a Nikon Light Micro-
scope with an Amscope Cold-Light Source Lamp
(Amscope, Irvine, CA). The worms were examined
for 5-min time intervals using the Apple stopwatch
app to calculate the time between defecations. Only
adult C. elegans were chosen for defecation analy-
sis to ensure the proper biological effect”. Three
worms were observed for each condition (wild type,
PCS-1, and SMF-1) during each experimental period.
This study was performed over 6 observation peri-
ods. Conditions that were unable to be surveyed due

4046

c nanoparticles synthesized.

to widespread nematode death were noted for sta-
tistical reference. Size analysis was carried out after
the equivalent incubation period via a Leica M165FC
stereomicroscope (Leica Microsystems, Wetzlar, Ger-
many) using a PLAN APO 1.0x/0.5 NA objective, as
performed by Munro et al.®. Similarly, FIJT software
(National Institutes of Health, USA) was utilized to
measure worm lengths from image progressions. Ap-
proximately 18 individuals per treatment condition
(wild-type, PCS-1, and SMF-1) were measured for
defecation and size analysis. Worms were considered
dead if no movement was observed after a period of
60 seconds or 15 seconds after applying mechanical
stimulation.

Statistical Analysis

Data analysis from the image analysis and defecation
rate observations was conducted using JASP statistical
software (The JASP Team, Amsterdam, The Nether-
lands). A p-value of < 0.05 was considered signifi-
cant. Conditions with significant p-values are indi-
cated in their respective figure legends. All statistical
tests performed were corrected to account for multi-
ple comparisons.

RESULTS

Defecation Results

Statistical data taken from the four defecation analysis
trial periods yielded multiple significant p-value com-
parisons across both treatments and C. elegans con-
ditions. SMF-1 mutants showed decreased defecation
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Figure 2: Graphical representation of defecation results in wild typ€ SMF-1, and PCS-1 mutant C. elegans
treated with copper () oxide nanoparticles. The key included repr@gents the p-value used and symbol represen-
tation in the graph. “WT" is used to represent wild type wo P” is used to represent nanoparticle treatment.
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Figure 3: Graphical representation of defecation results in SMF-1 mutants treated with each solution. The
key included represents the p-value used and symbol representation in the graph. “NP” is used to represent
nanoparticle treatment.
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Figure 4: Graphical representation of defecatio
“WT" is used to represent wild type worms. “NP”is u

rates compared to wild-type worms w?eated with
t

nanoparticles (Figure 2). SMF-1 reated with
both copper sulfate and nanop¥gticles showed signifi-
cantly more time betwee

to those treated w1th

ions in comparison
igure 3). Figure 4 in-

dicates that wild-t atodes treated with copper
sulfate exhibite @sed defecation rates compared

to those trea

t&esults
é@e nematodes treated with copper sulfate

found to be smaller than their water-treated

th water.

ounterparts with notably precise distribution points
(Figure 5). PCS-1 mutants treated with both copper
sulfate and nanoparticles were significantly shorter in
length than those treated with water (Figure 6). Of
those treated with nanoparticles, SMF-1 mutants were
significantly larger than their PCS-1 and wild-type
counterparts. Concurrently, PCS-1 mutants were sig-
nificantly shorter compared to wild-type nematodes,
averaging around 0.3 mm in length less than wild
type C. elegans. The same relationships were observed
in the copper sulfate-induced group; PCS-1 mutants
were remarkably smaller than both the wild-type and
SME-1 mutants, with SMF-1 mutants being the largest
of the three conditions treated with copper sulfate
(Figure 8). In contrast, the SMF-1 mutant nematodes

4048

g

H20 WTNP

wild type C. elegans treated with each solution.

to represent nanoparticle treatment.

had no significant size differences in comparison to
the wild-type treatments.

DISCUSSION

For the defecation analysis trial periods, insufficient
data was generated due to the broad worm death ob-
served in worms exposed to copper sulfate for the
48-h period. Perhaps the most significant finding of
the defecation section is that wild-type worms treated
with nanoparticles showed no significant difference in
defecation rate when compared to those treated with
water. While wild-type nematodes treated with cop-
per sulfate demonstrated lower defecation rates com-
pared to those treated with water, this may be ex-
plained by the wide distribution of data points seen
in Figure 4. The sample size disparity shown between
the two conditions was due, in part, to worm death
in wild type C. elegans treated with copper sulfate on
multiple trial sessions.

Length assays were carried out on fewer occasions
than defecation analyses due to the premature cell
death mentioned above. However, this allowed for
equivalent sample sizes across each condition for sta-
tistical representation. A very dispersed sample dis-
tribution can be seen in the wild type nematodes
in Figure 7 treated with nanoparticles, possibly ex-
plained by the relatively large size differences. It can
be concluded from Figure 6 that the PCS-1 mutants
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Figure 6: Graphical representation of length results in PCS-1 Mutants treated with each solution. The key

included represents the p-value used and symbol representation in the graph. “PCS” is used to represent worms
lacking the PCS-1 gene. “CS” is used to represent worms treated with copper sulfate. “NP” is used to represent
nanoparticle treatment. “W” is used to represent worms treated with water.
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Figure 7: Graphical representation of length results in wild type, -
treated with copper (l) oxide nanoparticles. The key included repreterys
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igure 8: Graphical representation of length results in wild type, SMF-1, and PCS-1 mutant C. elegans
reated with copper sulfate. The key included represents the p-value used and symbol representation in the
graph. “CS” is used to represent worms treated with copper sulfate. “SMF” is used to represent worms lacking the

were hypersensitive to nanoparticles and even more
sensitive to copper sulfate in terms of length. These
results can be interpreted reasonably due to the equiv-
alent control group sample sizes for each worm type.

CONCLUSIONS

The potential effects of implementing copper oxide
nanoparticles in toxin remediation were examined
through defecation rate and size analysis of a soil-
inhabiting model organism, C. elegans. A very in-
sightful finding of this study was the decreased defe-

4050

SMF-1 gene. “PCS” is used to represent worms lacking the PCS-1 gene.

cation rate and length of wild-type nematodes when
treated with copper sulfate, indicative of copper ion-
induced toxicity. Similarly, the hypersensitive shrink-
ing observed in PCS-1 mutants exposed to copper
sulfate and nanoparticles reflects the metal-tolerant
functional role of PCS-1 gene expression °. The steady
length of SMF-1 mutants in the presence of both
copper sulfate and nanoparticles relative to the wild-
type levels can be explained by the metal transport
dysfunction observed when the SMF gene is not ex-
pressed. This causes reduced metal transport to neu-
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ron pathways and interior organs, lessening the de-

generative effect of metal ions on size for short time

intervals.

Perhaps most central to this study was

the lack of significant nanoparticle-induced effects on
defecation rate and size of wild-type worms. While

these are positive result in the pursuit of environmen-

tal pollutant catalysts, these findings also highlig
the need for additional testing under longer incub

ht

a-

tion time intervals, other metal types, and ulterior

application-affected organisms '°.

ABBREVIATIONS
APO: Apochromatic

ESEM: Environmental scanning electron microscope

NA: numerical aperture
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