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factors, such as nonalcoholic fatty liver disease (NAFLD) caused by high-fat diet (HFD) is novel.
This protocol describes an exposure paradigm to evaluate the effects of chronic, low-level
exposure to VC. Mice are acclimated to low-fat or high-fat diet one week prior to the beginning
of the inhalation exposure and remain on these diets throughout the experiment. Mice are
exposed to VC (sub-OSHA level: <1 ppm) or room air in inhalation chambers for 6 hours/day, 5
days/week, for up to 12 weeks. Animals are monitored weekly for body weight gain and food
consumption. This model of VC exposure causes no overt liver injury with VC inhalation alone.
However, the combination of VC and HFD significantly enhances liver disease. A technical
advantage of this co-exposure model is the whole-body exposure, without restraint. Moreover,
the conditions more closely resemble a very common human situation of a combined exposure
to VC with underlying nonalcoholic fatty liver disease and therefore support the novel hypothesis
that VC is an environmental risk factor for the development of liver damage as a complication of
obesity (i.e., NAFLD). This work challenges the paradigm that the current exposure limits of VC
(occupational and environmental) are safe. The use of this model can shed new light and concern
on the risks of VC exposure. This model of toxicant-induced liver injury can be used for other
volatile organic compounds and to study other interactions that may impact the liver and other
organ systems.

INTRODUCTION:

Numerous toxicants are present in the air we breathe at very low levels. Vinyl chloride (VC) is
monomeric gas used by industry to create polyvinyl chloride (PVC) plastic products®. It is a
prevalent environmental hepatotoxicant, known carcinogen, and is ranked #4 on the ATSDR
Hazardous Substance Priority List?. To better understand the toxic effects on human health and
interactions with existing co-morbidities, establishing models of exposure that mimic human
exposure is crucial. The primary interest of this group is to study the hepatic effects of chronic VC
exposure at low concentrations. VC exerts its main effects on the liver, where it has been shown
(at high concentrations) to cause steatosis, and toxicant-associated steatohepatitis (TASH) with
necrosis, fibrosis, cirrhosis>*, as well as hepatocellular carcinoma (HCC) and the otherwise
extremely rare hepatic hemangiosarcoma®. TASH has likely existed in the population for decades
but remained uncharacterized and underappreciated by investigators*®. As a result of research
demonstrating the direct toxicity concerns for VC exposure, the Occupational Safety and Health
Administration (OSHA) lowered the acceptable exposure threshold to 1 ppm over an 8 h work
day’. Although the exposure threshold has been lowered, the effect of this concentration of VC
on human health is unclear’. Additionally, the effect of VC exposure on existing comorbidities,
such as liver disease, is largely unknown®. This knowledge gap is especially important today due
to the increasing global prevalence of nonalcoholic fatty liver disease (NALFD)*®7°-12
Importantly, VC has recently been shown to be an independent risk factor for liver disease from
other causes!3. The goal of this protocol was therefore to develop a relevant inhalation model
for exposure to the volatile environmental toxicant, VC in the context of underlying liver injury,
to mimic human exposure and identify potential, novel mechanisms of VC-induced or VC-
enhanced liver injury.

The main route of exposure for many environmental toxicants and pollutants is via inhalation.
Once inhaled, the compound can enter systemic circulation through the lungs, travel to the liver,



89

90

91

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

and become metabolically activated by hepatic enzymes prior to being excreted*®, It is often
these active metabolites that cause toxicity and damage within the body. Previous studies by this
group and others have used VC metabolites as surrogates for exposure to VC gas'’*®, Other
groups have used inhalation models of VC; however, extremely high exposure levels (>50 ppm)
were implemented to induce acute toxicity, severe hepatic injury, and tumor development®®.
Although these studies have provided crucial information and mechanisms of VC-induced
carcinogenicity, they do not recapitulate the subtle effects and complex interactions with other
contributing factors and therefore are less relevant to human exposure.

The VC-inhalation plus high fat diet (HFD) model described here (see Figure 1 for timeline), is the
first model of chronic, low-dose VC exposure (i.e., sub-OSHA concentration), in which mice are
exposed to the toxicant under conditions that mimic human exposure much more closely.
Indeed, data from this model recapitulated results observed in humans exposed to VC, such as
the impact on metabolic pathways?°, oxidative stress and mitochondrial dysfunction®. Other
mouse models of inhalation, such as head-only and nose-only models?, require that the animal
be restrained, causing stress to the animal. Here, this whole-body exposure method does not
require injection or unneeded stress to the animals. The animals have ad libitum access to food
and water and are placed within the larger inhalation chamber for a determined number of hours
per day and days per week. Moreover, the concept that VC modifies sensitivity to another
hepatotoxicant is a novel finding, first demonstrated by this group!? and has implications for VC
exposure at concentrations well below those needed for direct hepatotoxicity.

This method of inhalation exposure can be used to mimic exposure to a variety of gaseous
toxicants, including other volatile organic compounds, present in our environment. Indeed,
volatile organic compounds are a large group of environmental toxicants and more prevalent in
industrialized areas, resulting in certain populations being at higher risk for chronic exposure??.
This protocol can be modified to suit different experimental questions. The length of time and
concentration of compound administered can be varied. Although initially developed for
determination of liver injury, other organ systems can and have been studied with this model?3.
Investigators who aim to study chronic exposures with animals, but wish to minimize animal
stress, should consider using this model.

PROTOCOL:

All of the animal/VC experiments were approved by the Department of Environmental Health,
the Safety Association for Assessment and Accreditation of Laboratory Animal Care and
procedures were approved by the local Institutional Animal Care and Use Committee.

1. Experimental set-up and acclimatization to purified, experimental diets

1.1. Determine the total number of C56BI/6J mice (minimally 6-8 mice per group).

NOTE: Animals of each diet group will be further sub-divided into exposure groups. Be sure to
account for total number of animals needed when planning the study.
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1.2. Identify and weigh the animals. Record these data.

1.3. Switch diets from regular chow to purified low-fat (LFD) or high-fat diet (HFD) one week prior
to start of the inhalation experiments to acclimate the mice to the new diets (see Figure 1 for
timeline).

1.4. Provide food and water ad libitum. Monitor food consumption by weighing and recording
the food to be given per cage, and weighing and recording the remainder of the food at each
feeding day. If housing 4 mice per cage, provide ~50 g of food twice per week. If housing 5 mice
per cage, provide ~60 g of food twice per week.

NOTE: During the feeding of the purified diets, the amount of food should be checked every day
to ensure the mice have sufficient pellets. If there are insufficient pellets the mice tend to ‘hoard’
food and increase the intake. Moreover, especially the HFD tends to crumble much more than
the LFD, causing a similar effect.

1.5. Monitor animals throughout the experiment to ensure animal health is maintained.

NOTE: Weekly weight gain and food consumption, along with metabolic monitoring can be done
to provide an index of overall animal health.

2. Vinyl chloride inhalation exposure system

NOTE: There are multiple inhalation exposure systems commercially available, ranging from
‘nose-only’ to ‘whole-body’ exposure and manual to automated systems. Data previously
published by this group was derived from a whole-body manual system?2324 A diagram
describing the automated inhalation exposure system is shown in Figure 2.

2.1. Ensure that the diluent air in both the experimental and control chambers is high-efficiency
particulate air (HEPA) and activated carbon filtered, dried and pressure regulated before entering
their respective flow measurement devices (mass flow controller [MFC]—experimental chamber,
rotameter—control chamber).

NOTE: In the control chamber, the rotameter regulates the airflow to the mice. The air enters the
top of the chamber, passes by the mice, then is exhausted under the mice and passed through a
HEPA filter before entering the chemical hood. Temperature and relative humidity (RH) are
measured within the chamber. In the experimental chamber, the diluent air is mixed with air
from a VC tank. Both flows are regulated with MFCs. The ratio of the two mixtures determines
the concentration of VC in the experimental chamber. The VC enters the top of the exposure
chamber through a disperser with seven jets that point in different directions. The VC passes by
the mice and is then exhausted through 12 separate ports that are positioned underneath the
cage rack. This chamber design has been shown to provide homogenous toxicant concentrations
previously?>.
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2.2. Ensure that the pressure, temperature and RH are monitored from within the experimental
and the control chambers.

2.3. Confirm that the chamber exhaust is passed through a HEPA filter, a CO, probe, and an
activated carbon filter before entering the exhaust area of the chemical hood and that the CO;
level is monitored to ensure the mice are receiving acceptable ventilation.

2.4. Use the custom software to change, monitor and record environmental variables during
inhalation exposures.

NOTE: If a manual system is used, the variables described in steps 2.1-2.4 should be monitored
and calibrated, when necessary regularly throughout the exposure period.

3. Pre-exposure set-up
3.1. Turn off all airflows in the experimental and control chambers for technician safety.

3.2. For each chamber, open the chamber door and place absorbent bedding material (absorbent
side up) on top of the excreta pan. Wet the absorbent material to provide a comfortable humidity
level (40-60% RH) throughout the exposure period.

3.3. Set the desired exposure level of VC in the chamber. For sub-OSHA limit concentrations use
0.85 ppm of VC. Use either the software-managed, detector-based feedback control of VC
delivery to the chamber or use manual adjustments to the system.

NOTE: The latter approach requires knowledge of the chamber volume, chamber refresh rate,
airflow and delivery rate of the VC gas from the stock supply; these calculations must
subsequently be validated and calibrated by measurements of VC concentrations in the chamber
at steady state!??4. The most common technique for measuring VC in the chamber is via gas
chromatographic analysis of sample air'>?4, The advantages of the software-driven approach
regarding accuracy and precision of VC delivery are clear. However, it has been shown that the
manual approach is also accurate and consistent!224,

CAUTION: VC is a known toxicant and carcinogen at high levels. Exercise proper personal
protective equipment and handling of the gas while turning on and off the chambers.

4. Exposure cage and animal preparation

4.1. Remove the mice from their housing chambers and place them into the individual cages of
the inhalation chamber cage rack (one cage rack for the control mice, one for the exposed mice).
Randomize each mouse’s placement within the cage rack daily to ensure that each mouse is
exposed homogenously within the exposure chamber. Mark each animal’s number and cage
placement position in the laboratory notebook.
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4.2. Place each cage rack into its respective chamber and close the chamber doors.
5. Conducting an exposure

5.1. Ensure that the valve for the VC gas tank is in the open position. Ensure that the diluent flow
for the experimental chamber is set to 25 L/min.

5.2. Start the diluent flow in the experimental chamber. Ensure the rotameter on the control
chamber is set to 25 L/min.

5.3. Ensure that all sensors (flows, temperature, humidity, chamber pressure, CO, level) are
working correctly and displaying expected results in both the experimental and control
chambers.

NOTE: The VC flow is calculated and set based on the diluent flow and desired VC concentration.

5.4. Ensure that throughout the exposure, in the experimental chamber, the exposure time,
diluent flow, VC flow, temperature, humidity, chamber pressure, CO; level, and theoretical VC
concentration are displayed, graphed and recorded. Confirm that the temperature and humidity
for the control chamber are also displayed, graphed and recorded.

NOTE: If a manual system is used, VC flow should be checked and adjusted, when necessary,
throughout the exposure period.

5.5. If any problems occur during the exposure, set the VC flow to zero and increase the diluent
flow to its maximum value to quickly purge the chamber.

5.6. Once the exposure duration (i.e., 6 h/day) has been reached, the software automatically
turns off the VC flow. The 15 min safety timer then begins for the time after duration for the
experimental chamber to clear the VC. Once it is safe to remove the animals, click on the OK
button in the dialog box. The system will stop recording measurements to the file and the
exposure is over.

NOTE: If a manual system is used, the user must manually turn off VC flow at the end of the
exposure duration and time for VC clearance at the end of exposure must be calculated.

6. Post-exposure
6.1. Turn stopcock on the valve for the VC gas tank to the closed position and turn off all airflows
in the exposure chamber. Turn the rotameter until no airflow is flowing through the control

chamber.

6.2. Remove the doors from each chamber to provide ventilation to the mice. Remove the cage
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racks from the chambers. Under a hood, remove the mice from their exposure cages and place
them back into their housing cages. Transport all mice back into their housing room for overnight
housing in regular cages.

6.3. Dispose of any waste from the excreta pan into a Department of Environmental Health &
Safety (DEHS)-approved biohazard container, as these may be considered a chemical hazard by
institutional environmental health services. Clean the chamber doors, excreta pan, exposure
cage rack and exposure chamber for the experimental and control systems.

7. Validation of VC concentration within chambers during exposure

7.1. Conduct a measurement of the VC concentration within the experimental chamber halfway
through each exposure (3 h).

7.2. Break the glass tips on a VC detector tube and a pretreat tube. Attach the flow-out end of
the VC detector tube to the detector tube pump. Attach the flow-in end of the VC detector tube
to the flow-out end of the pretreat tube with a short piece of tubing. Attach a short piece of
tubing to the flow-in end of the pretreat tube.

7.3. Remove a plug from one of the sampling ports that is near the breathing zone of the mice.
Attach the tubing from the flow-in end of the pretreat tube to the sampling port.

7.4. From the full in position, extend the handle on the piston of the detector tube pump to the
full out position. This will pull 100 mL of sampled gas from the chamber into the VC detector tube
over a period of 90 s. After waiting the 90 s, push the handle back in.

7.5. Repeat step 7.4 three more times so that a total of 400 mL is pulled into the VC detector
tube.

7.6. Remove the tube from the sampling port of the chamber and reinsert the plug into the port.
Inspect the color change of the VC detector tube to ascertain the VC concentration within the

chamber.

7.7. Record the VC detector tube reading in the laboratory notebook and compare to the
theoretical value. Dispose of the VC detector tube and pretreat tube in a suitable container.

8. Termination of inhalation exposure experiment
NOTE: After desired timepoint of exposure, for example, 6, 8, and/or 12 weeks after beginning
of inhalation exposure, the experiments are being terminated and animals will be euthanized

(see Figure 1 for timeline).

8.1. Fast the mice 4 h prior to the time of euthanasia.
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NOTE: This procedure allows determination of fasting blood glucose and insulin levels for
metabolic analysis.

8.2. Use a euthanasia approach consistent with the American Veterinary Medical Association
(AVMA) guidelines, such as anesthesia followed by exsanguination.

8.3. Administer ketamine/xylazine (100/15 mg/kg) by intraperitoneal injection to each mouse to
induce anesthesia.

NOTE: Avoid sodium pentobarbital as a pre-euthanasia anesthetic, as vinyl chloride exposure may
impede its effectiveness.

8.4. Collect blood from the inferior vena cava into sodium citrate solution (final, 0.38%), to
prevent blood coagulation and for sample preservation.

8.5. Remove the liver and/or any other desired organ. Dissect the liver and snap-freeze portions
in liquid nitrogen, embed in frozen specimen medium, and fix in 10% buffered formalin for
histology.

8.6. Separate plasma from blood via centrifugation and transfer the citrated plasma into a
suitable tube and store at -80 °C until needed for analysis.

8.7. To evaluate histological indices of liver injury, perform hematoxylin and eosin (H&E) staining
with 5 uM formalin fixed-paraffin embedded liver sections and obtain images with a brightfield
microscope.

8.8. To obtain plasma transaminase levels, perform both alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) kinetic assays on the citrated plasma using commercially
available kits.

NOTE: For quality control, plasma transaminases for C57BI/6J mice should be in the normal range
(35-45 1U/L) for the LFD+VC group, while values should be elevated (~150 IU/L) for the HFD+VC
group (Figure 3C).

REPRESENTATIVE RESULTS:

Over the course of the experiment, animal body weight and food consumption were monitored
weekly to ensure animal health and evaluate in vivo metabolism. Figure 3A depicts body weight
and food consumption for a 12 week experiment. Body weight was measured once per week and
food consumption was measured twice per week for all groups. All mice gained weight
throughout the course of the study. While, as expected the mice in the HFD groups gained more
weight as the mice in the LFD groups, the mice exposed to VC did not gain more weight than the
mice in the respective control group. Food consumption was not different between all
groupst??4,
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Figure 3B depicts representative photomicrographs of liver sections stained with H&E for analysis
of general morphology. In the LFD group, VC caused no overt pathologic changes. HFD feeding
significantly increased steatosis (fat accumulation) and VC exposure increased this effect.
Moreover, VC exposure in the HFD group resulted in some inflammatory focit?2?4,

Plasma transaminase (ALT and AST) levels were measured as indicators of liver damage and an
elevated transaminase level is an indicator of liver damage. In the LFD group, VC did not increase
transaminase levels. HFD alone slightly increased transaminase levels and importantly VC
significantly enhanced this effect (Figure 3C)'224,

Liver weight to body weight ratios were calculated for each group. HFD significantly increased
the liver to body weight ratios. However, VC did not significantly increase this effect (Figure 3D)*?.

FIGURE LEGENDS:

Figure 1: Overview of the inhalation model procedure. Mice are fed the respective low fat (13%
saturated fat) or high-fat (42% saturated fat) diets ad libitum for 1 week to acclimatize them to
the purified diet. After one week, mice are introduced to the inhalation regimen. For that, mice
are placed in state-of-the-art whole-body inhalation chambers for exposure to a sub-OSHA level
VC concentration of <1 ppm (0.85 ppm + 0.1 ppm) or room air (control) for 6 h/day, 5 days/week,
for 12 weeks. During the inhalation procedure the mice are allowed free access to food and
water. At 12 weeks, mice are euthanized in the morning. This model can be extended to longer
periods of chronic exposure.

Figure 2: Inhalation chamber design. A diagram of an automated inhalation exposure system
that provides homogenous toxicant concentrations is shown. Custom software allows the user
to change, monitor and record environmental variables during inhalation exposures.

Figure 3: Vinyl chloride alone does not cause overt liver injury but enhances diet-induced liver
disease. (A) Body weight and food consumption were monitored weekly. (B) Representative
photomicrographs of general liver morphology by H&E staining are shown (magnification = 200x).
(C) Citrated plasma was collected at the end of the exposure period and analyzed for
transaminase enzymatic activity as an index of liver damage. (D) Liver weight was determined at
different experimental time points and compared to whole body weight. Results are presented
as the mean + SEM. 2, p < 0.05 compared to respective LFD control; ®, p < 0.05 compared to
absence of VC. Samples size per group n = 8-10.

DISCUSSION:

This model of VC-enhanced NAFLD is a novel method to evaluate the effect of sub-OSHA limit VC
exposure in a whole-body inhalation paradigm. This model allows investigators to study the sub-
hepatotoxic and sensitizing effects by low levels of VC alone. Indeed, this co-exposure model
achieves enhanced liver injury, elevation of plasma ALT and AST and moderate inflammation,
while largely not affecting other organ systems, such as heart, at this concentration?®. This
chronic model requires whole-body inhalation chambers but minimizes stress and exposure



397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440

concentrations. Although the protocol presented here is a software-driven approach, our
experience has shown that the manual approach is also an accurate and consistent method of
exposure!?24, Moreover, it is easily applicable to multiple research areas including other organ
damage?3 caused by volatile organic compound exposure??. Notably, this model may more closely
resemble the pathogenesis of human co-exposures to environmental chemicals and underlying
disease®.

In order to obtain similar results, certain critical steps of protocol optimization must be achieved.
For example, investigators must establish that the concentration of VC or other toxicant within
the chambers is within the desired range of exposure (i.e., low-level, sub-OSHA, or acute levels).
Optimizing this step of the inhalation chamber is critical for a successful model of the human
exposure of interest. Second, adjusting the time of exposure per day and duration of experiment
may also be modified. Per the interests of this group, an occupational exposure setting was
achieved, and an additional parameter of diet was also studied. However, environmental and
acute exposures may also be modeled with this protocol.

This work challenges the paradigm that current exposure limits of VC (occupational and
environmental) are safe. Indeed, although the current OSHA exposure limit for VC is 1 ppm, this
model has proven that concentrations of VC below this limit are sufficient to enhance liver injury
caused by HFD in mice. This protocol allows investigators to study and characterize a novel
toxicant exposure paradigm and to model TASH.

This is the first model of chronic, low-dose VC exposure. Previous work used very high bolus
concentrations, acute exposures or active metabolites as surrogates for VC exposure. All of these
approaches decrease the relevance of the findings to human exposure. Therefore, this novel
model of TASH-NAFLD interaction provides the necessary platform for investigators to examine
complex interactions of low-level VC exposure.

This model of toxicant-induced liver injury can be used for other volatile organic compounds and
also to study other interactions that may impact the liver and other organ systems®2223,
Moreover, this model has been, and can be further, used to investigate intervention therapies
and in-depth mechanistic studies of the mode of action for this prevalent toxicant?4. As VC is a
known carcinogen?®-28, this exposure paradigm can also be modified for the study of VC-induced
cancer. Other co-morbidities like alcoholic liver disease may also be enhanced by VC co-exposure.
Additionally, it would be of interest to study different types of fat, such as polyunsaturated
fat'82230 or different types of carbohydrates®' and their co-exposure with VC in this model.
Indeed, all of these factors are known to have differential effects on the development of liver
injury and may play a role in VC-induced hepatic disease.

In conclusion, this is a novel inhalation model of environmental toxicant-induced liver injury and
establishes an exposure paradigm for chronic, low-level VC exposure. The concentration of VC
used in this model is sub-hepatotoxic by itself, while it enhances liver injury caused by another
factor (HFD) in mice. This model will allow investigators to study mechanisms and interventions
for chronic VC toxicity and may be helpful for translational studies looking at exposed human
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subjects and at the highest risk for exposure.
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|§| Open Access

|E|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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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
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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
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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
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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 of 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.
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