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26 SUMMARY:
27  We describe a detailed protocol for evaluating the toxicological profiles of zinc oxide
28 nanoparticles (ZnO NPs) in particular, the type of cell death in human MRCS5 lung fibroblasts and
29  ROS formation in the fruit fly Drosophila.
30
31  ABSTRACT:
32  Zinc oxide nanoparticles (ZnO NPs) have a wide range of applications, but the number of reports
33  on ZnO NP-associated toxicity has grown rapidly in recent years. However, studies that elucidate
34  the underlying mechanisms for ZnO NP-induced toxicity are scanty. We determined the toxicity
35  profiles of ZnO NPs using both in vitro and in vivo experimental models. A significant decrease in
36 cell viability was observed in ZnO NP-exposed MRC5 lung fibroblasts, showing that ZnO NPs exert
37  cytotoxic effects. Similarly, interestingly, gut exposed to ZnO NPs exhibited a dramatic increase
38 in reactive oxygen species levels (ROS) in the fruit fly Drosophila. More in-depth studies are
39 required to establish a risk assessment for the increased usage of ZnO NPs by consumers.
40
41 INTRODUCTION:
42  Nanotechnology refers to the application of nanosized materials that are used across all scientific
43  fields, including medicine, materials science, and biochemistry. For instance, ZnO NPs which are
44  known for their ultraviolet scattering, chemical sensing, and anti-microbial properties, as well as
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high electrical conductivity, are utilized in the production of various consumer products such as
food packaging, cosmetics, textiles, rubbers, batteries, catalyst for automobile tail gas treatment,
and biomedical-related applications'3.

However, the burgeoning applications of ZnO NP-based products, leading to increased human
exposure to ZnO NPs, have raised concerns on their potential adverse effects on human health.
A number of in vitro cellular studies have demonstrated that ZnO NPs can induce oxidative stress,
autophagy-related cytotoxicity, inflammation, and genotoxicity*®. Notably, the toxicity of ZnO
NPs is assumed to be caused by the dissolution of Zn to free Zn?*ions, as well as the surface
reactivity of ZnO, resulting in the cellular ionic and metabolic imbalances that are linked with
impaired ionic homeostasis and an inhibition of ion transportation®”>1° Importantly, studies
have shown that the generation of reactive oxygen species (ROS) is one of the primary
mechanisms underlying ZnO NPs-associated toxicity. Insufficient anti-oxidative activity following
ROS insult has been shown to be responsible for eliciting the cytotoxicity and DNA damage °. The
toxic effects of ZnO NPs have also been reported in animal models, including rodent?,
zebrafish'112, as well as the invertebrate Drosophila™3.

Drosophila serves as a well-established alternative animal model for toxicity screening of
chemical entities and nanomaterials (NMs)41>, Importantly, there are high levels of genetic and
physiological similarity between human and Drosophila that justifies the use of Drosophila as an
in vivo model for evaluating biological responses to environmental contaminants such as NMs?6.
Furthermore, there are many advantages of using Drosophila due to its small size, short lifespan,
genetic amenability, and easy and cost-effective maintenance. Moreover, Drosophila has been
widely adopted for the study of genetics, molecular and developmental biology, ever since its full
genome was fully sequenced years ago back in 2000, therefore making it suitable for a variety of
high-throughput screening and for tackling unresolved biological questions'’-2%, In recent years,
a number of studies related to immunotoxicity using different types of NPs in Drosophila have
been reported'>?224, This fundamental new knowledge obtained from the studies using
Drosophila has helped to provide more insights into our understanding of nanotoxicology.

ROS is a well-known culprit for cytotoxicity and genotoxicity caused by NPs, in particular, metal-
based NPs?>, ROS are oxygen-containing chemical species with higher reactive properties than
molecular oxygen. Free radicals such as superoxide radical (0O2-) and even, non-radical molecules
such as hydrogen peroxide (H,02) can act as ROS. Under normal physiological condition, they are
required to maintain cellular homeostasis?®, however, excessive ROS due to overproduction or
dysregulation of the antioxidant defense system can cause oxidative stress, leading to damage
to proteins, lipids and deoxyribonucleic acid (DNA)?’. For instance, as ROS levels increase and
glutathione (GSH) level decreases concomitantly, disruption of adenosine triphosphate (ATP)
synthesis takes place and lactate dehydrogenase (LDH) level increases in the medium,
culminating in cell death?’.

Here, we provide protocols for performing cellular and genetic analyses using cultured
mammalian cells and Drosophila to determine the potential adverse effects of ZnO NPs. An
overview of the method used for the toxicity study of ZnO NPs is shown in Figure 1.
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PROTOCOL:
1. Fluorescence activated cell sorting (FACS) analysis on lived/fixed cells
1.1 Sonicate ZnO NPs in suspension for 15 min.

1.2 Prepare ZnO NPs at various concentrations (e.g., 0, 10, 25, 50,100 and 200 ug/mL) using
1 mg/mL ZnO NP stock solution for the treatment of cultured cells.

1.3 Seed MRC5 human lung fibroblasts (1 x 10° cells/well) onto a 6-well culture plate a day in
advance, and then treat the cells with 2 mL of ZnO NPs (in triplicates) for 8 h, 16 h, and 24 h.

1.4 At each time point, collect the cells by centrifuging at 300 x g for 5 min.

1.5 Wash the cell pellets twice with phosphate buffered saline (PBS).

1.6 Resuspend the cells with 1x binding buffer, which is composed of 0.1 M HEPES/sodium
hydroxide (NaOH), 1.4 M sodium chloride (NaCl), and 25 mM calcium chloride (CaCly), at a

concentration of 1 x 10° cells per 100 pL.

1.7 Add 5 pL of Fluorescein isothiocyanate (FITC) Annexin V stain and 5 uL of propidium iodide
(P1) DNA stain, and incubate the cells for 15 min at room temperature (RT; 25 °C) in dark.

1.8 Top up the samples with an additional 400 uL of 1x binding buffer before sorting the cells
by flow cytometry. A minimum of 10,000 cells is analyzed for each sample.

1.9 Tabulate the bar chart using the median intensity obtained.
2. Exposure of ZnO NPs to Drosophila

2.1 Add 1 mL of nanoparticles at different concentrations into vials, followed by 9 mL of fly
food to make a final concentration of 0.1 mg/mL, 0.25 mg/mL or 0.5 mg/mL ZnO NPs.

2.2 Mix the nanoparticles with food thoroughly in the vials using the pipette.
2.3 Allow fly food containing ZnO NPs to cool for at least 2-3 h before use.

2.4 Introduce adult male and female flies into the vials for 5 days, and allow them to mate
and lay eggs (which appear as white spots) on the surface of the food.

2.5 Remove the parental flies, and allow the eggs to undergo further development, which
consists of 4 different developmental stages (embryonic, larval, pupal and adult stage).
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3. Dissection of fly

3.1 Collect late 3™ instar larvae from the wall of the vials for analyses. Freshly laid eggs
normally develop into late 3" instar larvae after 72-120 h at RT.

3.2 Clean the dissection dish and fill up the well with dissection medium/PBS.

3.3 Dissect the larvae (late 3™ instar) under the stereomicroscope, using a pair of forceps.
34 Use the tip of the forceps to make a tiny hole and break open the cuticle layer of the
larvae. Carefully pull out the gut and place it into a 1.5 mL microcentrifuge tube containing
Schneider’s Drosophila medium, prior to the fixing step using 1 mL of 4% paraformaldehyde (PF).
35 Fix the gut in PF for 10 min at RT, for subsequent experiments, such as immunostaining.
4, ROS detection using Dihydroethidium (DHE) staining

4.1 Treat larvae with various concentrations of ZnO NPs as described in step 2.1.

4.2 Following the dissection of the gut from 3™ instar larvae as described under section 3,
incubate the gut in Schneider’s Drosophila medium at RT before tissue staining is performed.
Dissolve 1 uL of DHE dye (from the stock concentration of 30 mM) in 1 mL of Schneider’s medium,

making a final working concentration of 10- 30 uM DHE dye.

4.3 Incubate the gut for 5 min at RT in dark, and then wash three times using Schneider’s
medium for every 5 min.

4.4 Fix the gut with 4% PF (optional step) and mount the gut onto glass slides, with anti-fade
mounting medium containing 4’,6-diamidino-2-phenylindole (DAPI). Capture images under a
confocal microscope.

5. Measuring fluorescence using Imagel software

5.1 Import the captured fluorescence images acquired using fluorescence microscopy or
confocal laser scanning microscopy into the Imagel software.

5.2 Click on the Analyze menu and select Set measurements.
5.3 Select the output measure such as area integrated intensity and mean grey value.
5.4 Click Measure.

5.5 Select a region without fluorescence to set the background.
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5.6 Export the data into the Excel spreadsheet and determine the corrected total cell
fluorescence (CTCF), using the calculation as shown below.
CTCF = Integrated Density — (Area of selected cell X Mean fluorescence of background readings)

5.7 Construct a bar chart and perform statistical analysis.

REPRESENTATIVE RESULTS:

NP-exposed cells were processed with the cell staining reagent kit, followed by cell sorting using
flow cytometry. ZnO NP-treated cells (bottom, right panel) exhibit a higher percentage of early
(R3)/ late apoptotic cells (R6) than control cells (R5, bottom, left panel). Necrotic cell death is
denoted by R4 (top, right panel) (Figure 2). The results of the FITC/Annexin V Assay on ZnO NP-
treated MRC-5 fibroblasts are shown in Figure 2.

For the Drosophila experiments, sonicated ZnO NPs at various concentrations were added to fly
food in 10 mL tubes and then mixed well using a pipette controller (Figure 3). Late third instar
larvae collected from vials were dissected under the stereomicroscope. The larvae were first
washed to remove remnants of remaining food (Figure 4). The outer cuticle layer was torn apart
to expose internal organs. The gut was identified by the characteristic long and semitransparent
appearance (whereas other organs appear opaque and light yellowish under the microscope)
(Figure 5). The gut was carefully removed, without breaking, and transferred into a new
microcentrifuge tube containing fixative on ice.

For the quantitation of fluorescence intensity such as the intensity of the DHE probe in the gut,
the images were exported in JPEG or TIFF formats and opened with the Imagel software. The
part of the gut for analysis was selected and identified, for example, the midgut or hindgut region,
and the fluorescence intensity of the region of interest (ROI) was measured. To compare the
relative intensities of the different experimental groups, we employed the same quantitative
confocal microscopy method described in the previous section. For comparison of fluorescence
intensities, the parameter was set using the negative untreated control. Calculations of the signal
intensity on the basis of calibration intensities of untreated control allowed a direct comparison
between different experimental groups. Figure 6 shows the average intensity of the DHE signal
in the 3" instar larval gut exposed to ZnO NPs at different concentrations. The gut of larvae
treated with 0.5 mg/mL of ZnO NP treatment showed the highest fluorescence intensity.

The differences in relative intensities between all the experimental groups were further
tabulated, and statistical analysis was performed, providing both qualitative and quantitative
results (Figure 7).

FIGURE AND TABLE LEGNEDS:

Figure 1. Overview of the method used for toxicity study of ZnO NPs. For in vitro work, ZnO NP-
treated cells were stained prior to flow cytometry analysis. For in vivo work, gut was dissected
from 3™ instar larvae, followed by staining with DHE dye and image acquisition.
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Figure 2. Dot plot of cells separated into different populations based on their FITC and PE
staining. The pictograms show the results of FITC/Annexin V assay with 24 h treatment of ZnO-
NPs on MRC-5. Statistical analysis of the cells at different stages can then be performed.

Figure 3. Preparation of ZnO NP-containing fly food medium. (A) Ingredients for fly food are
added to water, allowed to swell, and boiled for 5 min. (B) After cooling down to 50 °C with
stirring, Nipagin was added and mixed thoroughly. (C) Prepare a master mix for the nanoparticles
(total volume not exceeding 10% of the final food volume). (D) Medium is then aliquoted, mixed
with ZnO NPs at various concentrations and allowed to cool down completely before storage.

Figure 4. The whole gut dissection procedure. (A) Transfer 3™ instar larvae to a dissection disc.
(B) Use forceps to gently hold a larva, and (C) wash away the remnant of food using saline. (D)
Gently tear the cuticle apart without touching the gut and other internal organs. (E) Place the gut
into the saline for subsequent procedure.

Figure 5. The anatomy of the digestive tract/gut. The gut extracted from the Drosophila larva is
divided into three discrete domains of different developmental origin namely the foregut,
midgut, and hindgut.

Figure 6. Staining of the gut tissue with DHE. (A) Prepare a master mix containing growth
medium and DHE (a final concentration of 30 uM). (B) Add the master mix into the well of a
dissection disc. (C) Transfer the dissected gut tissue into the well containing the DHE master mix.
(D) Incubate at RT for 5 min and protect the tissue from light; wash 3x in PBS/saline for 5min. (E)
Fix in 4% PF for 10 min; wash the tissue three times with PBS (optional). (F) Gently transfer the
gut onto a glass slide, lay flat without having any tissue folded and mount with mounting medium
before covering with cover glass.

Figure 7. Quantitation of fluorescent images using Imagel. (A) Import the captured images. (B)
Click on the Analyze menu and select Set measurements. (C) Select the area
integrated intensity and mean grey value. Select a region without fluorescence to set the
background. (D) Export the data into Excel and calculate the CTCF for subsequent statistical
analysis.

DISCUSSION:

In order to assess if ZnO NP can induce apoptosis in MRC5 fibroblasts, we use flow cytometry to
distinguish the cells from necrotic or apoptotic cell death. In normal live cells, phosphatidylserine
(PS) is localized at the cell membrane. If apoptosis occurs, PS is translocated to the extracellular
leaflet of the plasma membrane, allowing the binding of Annexin V labeled with fluorescein (FITC
Annexin V) 2. On the other hand, the red-fluorescent propidium iodide (P1), a nucleic acid binding
dye, is impermeable to living cells and apoptotic cells but stains dead cells3. This allows us to
identify the dead cells (red and green), apoptotic cells (green fluorescence) and live cells (little or
no fluorescence), using a flow cytometer with the 488 nm line of an argon-ion laser for excitation.

For DHE staining of the Drosophila gut, it is important to reconstitute the dye with DMSO just
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before you start the experiment, as prolonged storage may lead to an auto-oxidation of the dye
that turns the dye into dark/purplish color3%32, In addition, the reconstituted stock solutions also
tend to expire rather quickly, so one has to pay attention to the “expiry date”. Alternatively,
fluorogenic probes such as the green version of the photostable probe, which has the added
ability to be multiplexed with stains, and produces much clearer signals than DHE, could be used.
The dissected gut was transferred to Schneider’s medium containing the dye at the desired
concentration with no fixative added. This is to permit the incorporation of the dye in live cells,
and hence staining is performed in the culture medium, to allow for better respiration of the
cells.

With regard to the quantitation of DHE staining, for a start, avoid saturation of the pixels in
control untreated cells. The imaging software program was used to determine exposure time by
visually flagging saturated pixels. The untreated sample was used to set the exposure time and
maintain the same parameters when capturing images for comparison of the intensity across
different treatment groups which is important for quantification of the fluorescence image
intensity later on. It is essential to acquire all images (control and treated samples) using the
same system and acquisition settings/parameters, and the background should be standardized
for all images (so that there is consistency for background subtraction)33.

ACKNOWLEDGMENTS:
The study was supported by the grant number R706-000-043-490. The study does not represent
the view of the grant sponsor.

DISCLOSURES:
The authors declare that they have no competing financial interests.

REFERENCES:

1. Kim, Y.R., et al. Toxicity of 100 nm zinc oxide nanoparticles: a report of 90-day repeated
oral administration in Sprague Dawley rats. International Journal of Nanomedicine 9 Suppl 2, 109-
126 (2014).

2. Xie, Y., He, Y., Irwin, P.L., Jin, T. & Shi, X. Antibacterial activity and mechanism of action of
zinc oxide nanoparticles against Campylobacter jejuni. Applied and Environmental Microbiology
77, 2325-2331 (2011).

3. Colvin, V.L. The potential environmental impact of engineered nanomaterials. Nature
Biotechnology 21, 1166-1170 (2003).
4, De Angelis, |., et al. Comparative study of ZnO and TiO(2) nanoparticles: physicochemical

characterisation and toxicological effects on human colon carcinoma cells. Nanotoxicology 7,
1361-1372 (2013).

5. Johnson, B.M., et al. Acute exposure to ZnO nanoparticles induces autophagic immune
cell death. Nanotoxicology 9, 737-748 (2015).
6. Singh, N., et al. NanoGenotoxicology: the DNA damaging potential of engineered

nanomaterials. Biomaterials 30, 3891-3914 (2009).
7. Song, W., et al. Role of the dissolved zinc ion and reactive oxygen species in cytotoxicity



308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351

of ZnO nanoparticles. Toxicology Letters 199, 389-397 (2010).

8. Wahab, R,, et al. ZnO nanoparticles induced oxidative stress and apoptosis in HepG2 and
MCF-7 cancer cells and their antibacterial activity. Colloids and Surfaces B: Biointerfaces 117, 267-
276 (2014).

9. Namvar, F., et al. Cytotoxic effects of biosynthesized zinc oxide nanoparticles on murine
cell lines. Evidence-Based Complementary and Alternative Medicine 2015, 593014 (2015).

10. Wong, S.W., Leung, P.T., Djurisic, A.B. & Leung, K.M. Toxicities of nano zinc oxide to five
marine organisms: influences of aggregate size and ion solubility. Analytical and Bioanalytical
Chemistry 396, 609-618 (2010).

11. Hua, J., Vijver, M.G., Richardson, M.K., Ahmad, F. & Peijnenburg, W.J. Particle-specific
toxic effects of differently shaped zinc oxide nanoparticles to zebrafish embryos (Danio rerio).
Environmental Toxicology and Chemistry 33, 2859-2868 (2014).

12. Zhao, X., Wang, S., Wu, Y., You, H. & Lv, L. Acute ZnO nanoparticles exposure induces
developmental toxicity, oxidative stress and DNA damage in embryo-larval zebrafish. Aquatic
Toxicology 136-137, 49-59 (2013).

13. Alaraby, M., Annangi, B., Hernandez, A., Creus, A. & Marcos, R. A comprehensive study of
the harmful effects of ZnO nanoparticles using Drosophila melanogaster as an in vivo model.
Journal of Hazardous Materials 296, 166-174 (2015).

14. Rand, M.D. Drosophotoxicology: the growing potential for Drosophila in neurotoxicology.
Neurotoxicology and Teratology 32, 74-83 (2010).

15. Ong, C., Yung, L.Y,, Cai, Y., Bay, B.H. & Baeg, G.H. Drosophila melanogaster as a model
organism to study nanotoxicity. Nanotoxicology 9, 396-403 (2015).

16. Hoffmann, J.A. & Reichhart, J.M. Drosophila innate immunity: an evolutionary
perspective. Nature Immunology 3, 121-126 (2002).

17. Hughes, T.T., et al. Drosophila as a genetic model for studying pathogenic human viruses.
Virology 423, 1-5 (2012).

18. Jennings, B.H. Drosophila — a versatile model in biology & medicine. Materials Today 14,
190-195 (2011).

19. Adams, M.D. & Sekelsky, J.J. From sequence to phenotype: reverse genetics in Drosophila
melanogaster. Nature Reviews Genetics 3, 189-198 (2002).

20. Adams, M.D., et al. The genome sequence of Drosophila melanogaster. Science 287, 2185-
2195 (2000).

21. Ong, C.,, et al. Silver nanoparticles disrupt germline stem cell maintenance in the

Drosophila testis. Scientific Reports 6, 20632 (2016).

22. Alaraby, M., Demir, E., Hernandez, A. & Marcos, R. Assessing potential harmful effects of
CdSe quantum dots by using Drosophila melanogaster as in vivo model. Science of the Total
Environment 530-531, 66-75 (2015).

23. Barik, B.K. & Mishra, M. Nanoparticles as a potential teratogen: a lesson learnt from fruit
fly. Nanotoxicology, 1-27 (2018).

24. Jovanovic, B., et al. The effects of a human food additive, titanium dioxide nanoparticles
E171, on Drosophila melanogaster - a 20 generation dietary exposure experiment. Scientific
Reports 8, 17922 (2018).25. Cao, Y. The Toxicity of Nanoparticles to Human Endothelial Cells.
Advances in Experimental Medicine and Biology 1048, 59-69 (2018).

26. Akhtar, M.J., Ahamed, M., Alhadlaqg, H.A. & Alshamsan, A. Mechanism of ROS scavenging



352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371

and antioxidant signalling by redox metallic and fullerene nanomaterials: Potential implications
in ROS associated degenerative disorders. Biochimica Et Biophysica Acta-General Subjects 1861,
802-813 (2017).

27. Akter, M., et al. A systematic review on silver nanoparticles-induced cytotoxicity:
Physicochemical properties and perspectives. Journal of Advanced Research 9, 1-16 (2018).

28. Vecchio, G. Afruit fly in the nanoworld: once again Drosophila contributes to environment
and human health. Nanotoxicology 9, 135-137 (2015).

29. Marino, G. & Kroemer, G. Mechanisms of apoptotic phosphatidylserine exposure. Cell
Research 23, 1247-1248 (2013).

30. Stoddart M.J. Cell Viability Assays: Introduction. In: Stoddart M. (eds) Mammalian Cell
Viability. Methods in Molecular Biology (Methods and Protocols), v.H.P.

31. Yazdani, M. Concerns in the application of fluorescent probes DCDHF-DA, DHR 123 and
DHE to measure reactive oxygen species in vitro. Toxicology in Vitro 30, 578-582 (2015).

32. Chen, J., Rogers, S.C. & Kavdia, M. Analysis of kinetics of dihydroethidium fluorescence
with superoxide using xanthine oxidase and hypoxanthine assay. Annals of Biomedical
Engineering 41, 327-337 (2013).

33. Hartig, S.M. Basic image analysis and manipulation in Imagel. Current Protocols in
Molecular Biology Chapter 14, Unit14 15 (2013).



Figure 1 Click here to access/download;Figure;Fig 1n.jpg *

(0, 10, 25, 50, 100,
200) pg/mL ZnO NPs

Prepare NP-
containing fly
food
Perform
staining work
l Pick & dissect NP-
exposed 3" instar
. larvae
_..1‘i [ g Run a flow
i.. ' cytometry

analysis l

Staining & imaging



https://www.editorialmanager.com/jove/download.aspx?id=1072524&guid=8a4f7788-ba1a-4b64-8605-d6535adc12e5&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1072524&guid=8a4f7788-ba1a-4b64-8605-d6535adc12e5&scheme=1

Figure 2

0 ug'mL Zr0 NPs

B
el L O

b e G

% Hist
.2

b L d
Zn0-NP [pgiml)

R3 (Early Apoptosis)

L

% Hist
. 5§ 8§ §

T D s Pl L, L
]

P g G

RS (Live)

% Him

10

R& (Late Apoptosis)
-+ &

Ino-MNP (pgimL)

Click here to access/download;Figure;Fig 2n.jpg 2

R [Daad)

% P P
ZnO-NP (pg/mL)


https://www.editorialmanager.com/jove/download.aspx?id=1072525&guid=9a7f026f-0268-49fa-b7a6-afbbf1a0abd9&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1072525&guid=9a7f026f-0268-49fa-b7a6-afbbf1a0abd9&scheme=1

Click here to access/download;Figure;Fig 3.jpg 2



https://www.editorialmanager.com/jove/download.aspx?id=1072526&guid=f537bd9c-4517-4fed-9264-c17288585eea&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1072526&guid=f537bd9c-4517-4fed-9264-c17288585eea&scheme=1

Figure 4 Click here to access/download;Figure;Fig 4n.jpg 2



https://www.editorialmanager.com/jove/download.aspx?id=1072527&guid=d0a3a130-5102-492a-bc50-29a5ecffa8ba&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1072527&guid=d0a3a130-5102-492a-bc50-29a5ecffa8ba&scheme=1

Click here to access/download;Figure;Fig 5n.jpg *



https://www.editorialmanager.com/jove/download.aspx?id=1072536&guid=4444aee6-71c3-4339-aa97-167062e743c3&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1072536&guid=4444aee6-71c3-4339-aa97-167062e743c3&scheme=1

Figure 6 Click here to access/download;Figure;Fig 6n.jpg 2

Mount &

Cover up with
Cover glass

Lay flat on
glass slide .



https://www.editorialmanager.com/jove/download.aspx?id=1072529&guid=7687b34c-6422-47d1-8ec2-9796978c17f9&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1072529&guid=7687b34c-6422-47d1-8ec2-9796978c17f9&scheme=1

Figure 7 Click here to access/download;Figure;Fig 7.jpg 2

et al., 2018:



https://www.editorialmanager.com/jove/download.aspx?id=1072530&guid=965195fc-9c92-41f8-925c-6b92d189efce&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1072530&guid=965195fc-9c92-41f8-925c-6b92d189efce&scheme=1

Table of Materials

Click here to access/download;Table of Materials;JoVE_Materials (1).xls

Name of Material/ EqQuipment Company Catalog Number
15% Methyl 4-Hydroxybenzoate Sigma Aldrich
4% Paraformaldehyde Sigma Aldrich P6148
Bacto Agar BD biosciences
cncCK6/TM3, Sb
cornmeal, glucose, yeast brewer |Sigma Aldrich
CyAn ADP with Summit Software [DAKO
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Detection Kit | BD biosciences 556547
Fluorescent microscope Olympus
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Image J software NIH
MRC5 human lung fibroblast ATCC CCL-171
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

Toxicity studyof Zinc Oxide Nanoparticlesn 2D cell cultureandin Drosophilamelanogastt

Author(s):
(s) ChengTengNg, ChoonNamOng

, Liya E Yu, BoonHuatBay, GyeongHun Bae¢

ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

MSta ndard Access

Item 2: Please select one of the following items:

D Open Access

The Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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https://www.editorialmanager.com/jove/download.aspx?id=1072532&guid=a13415ca-16f8-49ce-9109-3c9d8564c036&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1072532&guid=a13415ca-16f8-49ce-9109-3c9d8564c036&scheme=1

jove

VISUALIZED F 1.'\ NTS

4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JOVE may, in its sole

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name:
GyeongHun Baec
Department: Departmenbf Anatomy
Institution: NationalUniversity of Singapor
Title: Asst.Prof
Signature: Date: 28thNov 201¢

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Fax the document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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June 26, 2019

Bing Wu
Science Editor
JoVE

Re: JoVE59510R1 - [EMID:fb7538a54fbcab42]
Dear Dr. Bing Wu,

Please find our revised manuscript entitled “Toxicity study of Zinc Oxide
Nanoparticles in cell culture and in Drosophila melanogaster” for publication in
JoVE.

Your decision letter requested us to revise our manuscript in accordance with the
comments made by the editorial team and to submit a revised version of the manuscript.
We thank you and the editorial team for the insightful comments, which greatly
improved our manuscript. In our response to that, we have made significant changes to
the manuscript by rephrasing sentences to avoid the textual overlap from our previous
publication. We hope that our revised manuscript addresses his/her concerns and that it
is now suitable for publication.

Thank you very much for your consideration.

Sincerely,

BAEG Gyeong-Hun, PhD.
Department of Anatomy

Yong Loo Lin School of Medicine
National University of Singapore
Singapore

Tel: +65 65167973

E-mail: antbgh@nus.edu.sg
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Editorial comments:

The manuscript has been modified and the updated manuscript, 59510 R3.docx, is
attached and located in your Editorial Manager account. Please use the updated version
to make your revisions.

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that
there are no spelling or grammar issues.

Response: The manuscript has already been sent twice for rigorous editing service to
improve the readability.

2. Please add a short description of the figure in Figure Legend.
Response: As pointed out by the editorial team, we have included a short description
of the figure in Figure Legend.

3. Figure 5: Please use um instead of um.
We have used pum instead of um in Figure 5.

4. Step 3.1: Please write this step in the imperative tense.
Response: As suggested, we have revised step 3.1 and changed it to imperative tense.

5. JOVE cannot publish manuscripts containing commercial language. This includes
company names of an instrument or reagent. Please remove all commercial language
from your manuscript and use generic terms instead. All commercial products should
be sufficiently referenced in the Table of Materials and Reagents. Examples of
commercial language in your manuscript include Vectashield.

Response: We have removed the commercial language in the main text and included

the information in Table of Materials and Equipment.
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Figure 1 Overview of the method used for toxicity study of ZnO NPs. For in vitro work, ZnO NP-

treated cells were stained prior to flow cytometry analysis. For jn vivo work, gut was dissected

[Formatted: Font: Italic
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from 3" instar larvae, followed by staining with DHE dye and image acquisition.
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Figure 1-2 Dot plot of cells separated into different populations based on their FITC and PE
staining. The pictograms shows the results of FITC/Annexin V assay on 24 h treatment of ZnO-

NPs on MRC-5. Betpletetecels tod inte diff £ lati baced on theis FITC and DE
staining=Statistical analysis of the cells at different stages can then be performed.

g [ Formatted: Superscript

g [Formatted: Font: Bold

— [Formatted: Font: Not Bold




(]

=
A

Q.
=)

©

7]

I




~

Figure 2-3 Preparation of ZnO NP-containing fly food medium. A) Ingredients for fly food were {Formatted: Font: Bold

added to water and allowed to swell, and boiled for 5 min. B) After cooling down to 50 °C with



stirring from time to time, Nipagin was added and mixed thoroughly. C) Prepare a master mix for
the nanoparticles (total volume not exceeding 10% of the final food volume). D) Medium is then
aliquoted, mixed with ZnO NPs at various concentrations and allowed to cool down completely
before storage.

Figure 3-4 The whole gut dissection procedure. A) Transfer 3" instar larvae to a dissection disc. {Formatted: Font: Bold

B) Use forceps to gently hold a larva, and C) wash away the remnant of food using saline. €D)
Gently tear the cuticle apart without touching the gut and other internal organs. EB) Place the
gut into the saline for subsequent procedure.






Figure 4-5 The anatomy of the digestive tract/gut. The gut extracted from the Drosophila larva /{ Formatted: Font: Bold

is divided into three discrete domains of different developmental origin namely the foregut,
midgut, and hindgut.
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Figure 5-6 Staining of the gut tissue with DHE. A) Prepare a master mix containing growth

medium and DHE (to a final concentration of 30 u#M). B) Add the master mix into the well of a
dissection disc. C) Transfer the dissected gut tissue into the well containing the DHE master mix.
D) Incubate at 37°C-RT for 38-5 min and protect the tissue from light; wash 3x 5mins interval, in
PBS/saline. €E) Fix in 4% PF for 10 min; wash the tissue thrice with PBS (optional). BF) Gently
transfer the gut onto a glass slide, lay flat without having any tissue folded and mount with
mounting medium before covering with cover glass.
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Figure 6-7 Quantitation of fluorescent images using ImagelJ. A) Import the captured images. B)
Click on the Analyze menu and select “set measurements”. C) Select the area
integrated intensity and mean grey value. Select a region without fluorescence to set the
background. D) Export the data into Excel and calculate the CTCF for subsequent statistical
analysis.
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