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SHORT ABSTRACT: 

Cardiovascular exercise and stimulating experiences in a complex environment have positive ben-

efits on multiple measures of neuroplasticity within the rodent brain. This article will discuss the 

implementation of these interventions as a "superintervention" which combines wheel running and 

environmental complexity and will address the limitations of these interventions. 

 

LONG ABSTRACT: 

Aerobic exercise (e.g., wheel running (WR) extensively used in animal research) positively im-

pacts many measures of neuroplastic potential in the brain, such as rates of adult neurogenesis, 

angiogenesis, and expression of neurotrophic factors in rodents. This intervention has also been 

shown to mitigate behavioral and neuroanatomical aspects of the negative impacts of teratogens 

(i.e., developmental exposure to alcohol) and age-related neurodegeneration in rodents. Environ-

mental complexity (EC) has been shown to produce numerous neuroplastic benefits in cortical and 

subcortical structures and can be coupled with wheel running to increase the proliferation and 

survival of new cells in the adult hippocampus. The combination of these two interventions pro-

vides a robust "superintervention" (WR-EC) that can be implemented in a range of rodent models 

of neurological disorders. We will discuss the implementation of WR/EC and its constituent inter-

ventions for use as a more powerful therapeutic intervention in rats using the animal model of 

prenatal exposure to alcohol in humans. We will also discuss which elements of the procedures 

are absolutely necessary for the interventions and which ones may be altered depending on the 

experimenter's question or facilities. 

 

INTRODUCTION: 
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Rearing in different environments has long been known to cause changes in various measures of 

neurological wellness. Many studies look at the beneficial effects of rearing in a complex environ-

ment (EC) starting with groundbreaking research by Diamond and Rosenzweig e.g., 1,2 and Green-

ough e.g., 3,4. EC has been demonstrated to have an undeniable positive effects on synaptic and 

cellular changes in the brain 5-7. EC can affect a multiplicity of brain regions including the hippo-

campus 8,9 and visual cortex 10,11, ventral striatum 12,13, as well as brain-wide neuroimmune func-

tion reviewed in 14. Particular interest has developed from the studies on hippocampus when it was 

demonstrated that EC can increase the survival rate of adult-born granule cells of the dentate gyrus 

through dendritic plasticity 9,13. This last point has gathered much interest due to the growing body 

of literature indicating that cardiovascular exercise promotes adult neurogenesis in both the healthy 

and damaged brain 15-18. Wheel running (WR) is an easy to implement form of voluntary cardio-

vascular activity that has been shown to be beneficial in rodent models of neurological disorders 

or aging 17,19,20. WR affects the expression of growth factors in both the central and peripheral 

nervous system 21-23. 

 

Combining (subsequently) WR and EC into a “superintervention” (WR-EC) (i.e., 12 days of WR 

followed by 30 days in EC) provides a robust increase in hippocampal adult neurogenesis and 

increased survival of the newly proliferated cells 8, the effect that in the animal model of FASD is 

not achieved by individual components (see below). Since both components of WR-EC affect a 

diverse array of structures within the brain 13 (WR reviewed in 22, EC reviewed in 24), implemen-

tation of this intervention can easily be applied to rodent models of both developmental and later 

life onset models of neurological impairment (e.g., neonatal alcohol exposure, aging, early life 

stress). 

 

Integration of WR-EC in the adolescent and early adult periods (i.e., postnatal days 30-72) can 

ameliorate some of the negative effects of a rat model of fetal alcohol spectrum disorders (FASDs) 
8. A collection of studies have demonstrated that rodents exposed to alcohol from postnatal day 

(PD) 4 through 9 display significant deficits in neuroanatomical measures such as dendritic com-

plexity 25, cerebellar development 26,27 and neuroimmune responsiveness 28 as well as manifesta-

tions of impaired learning and memory 29-31. Even a reduced amount of alcohol exposure within 

this time window (i.e., PD 7 through 9) can lead to deficits in learning and memory in adolescent 

and adult rats 32 while some structures no longer see significant neuroanatomical impairment 27. 

Many of these deficits - in addition to behavioral impairments in hippocampus-dependent tasks - 

have been mitigated following exposure to this WR-EC paradigm 8,33 or WR alone 25,31. Although 

WR alone has been a widely used intervention, the combination of WR-EC has not yet been uti-

lized in the literature despite its ability to sustain the relatively shorter-term benefits of WR 8. This 

article will discuss the implementation of the WR-EC intervention during adolescence. Although 

this paradigm is used in the context of early postnatal alcohol exposure, it can be introduced to 

various rodent models to assess brain potential for neuroplasticity in the models of brain disorders. 

 

PROTOCOL: 

Ethics Statement: The following protocol was approved by the Institutional Animal Care and Use 

Committee (IACUC) of the University of Delaware. 

1. Developmental Exposure (or Model of Binge-Like Ethanol Exposure) 



 

 

1.1. On PD3, determine the sex of each animal and cross-foster any animals if necessary to 

keep litter size (8 animals) and sex distribution (4 males : 4 females) consistent within each litter. 

Note: It is important to keep litter size and sex distribution as consistent as possible to avoid ex-

perimental confounds. Although this protocol uses 8 pups (4 males and 4 females) per litter, alter-

native litter sizes or sex distributions may be tailored to the needs of the experimental design. 

1.2. Subcutaneously inject a small amount of black India ink into the paws to identify animals 

within each litter. 

1.3. Pseudo-randomly assign litters as experimental (containing 50 % alcohol-exposed (AE) 

and 50 % sham-intubated control (SI) pups) or suckle control (SC) (animals that do not undergo 

any intubation, tail clipping, or separation protocols from PD 4-9 except for daily weighing and 

ear-punching). 

1.3.1. To retain consistent group size, assign twice as many experimental litters as SC litters. 

1.4. Weigh each animal then return it to its home cage. Animal weighing should occur daily 

during the intubation period (PD 4-9). 

1.4.1. Remove the whole litter from the dam. 

1.4.2. Place pups on heated pad. 

1.4.3. Record the weight of each individual pup. 

1.5. On PD4, after weighing each animal calculate the necessary alcohol amount for a total of 

5.25 g/kg/day per each animal (based on pup weight from step 1.4)8. 

1.5.1. Administer alcohol as 11.9 % ethanol-in-milk substitute (vol/vol). 

1.6. Starting at 9 AM, remove one litter's pups from the mother at a time. 

1.7. Administer the ethanol-in-milk to each AE pup34. 

1.8. Sham-intubate each SI pup8. 

1.9. Repeat steps 1.5. through 1.8. for each experimental litter. 

1.10. Two hours following the first dose, repeat the dosing procedure (steps 1.5 through 1.8) for 

a second alcohol dose. 

1.11. One and a half hours after the second alcohol dose (the point at which peak daily blood 

alcohol content is achieved), collect and centrifuge blood from the AE and SI pups via tail clipping 

for future blood alcohol content analysis 35. 

1.11.1. Collect 60 µL of blood. 

1.11.2. Place blood in a 1 mL microcentrifuge tube. Centrifuge blood at 1.5 x g for 25 min. 



 

 

1.11.3. Carefully collect the supernatant serum from the centrifuge tube and save for future blood 

alcohol content analysis. 

1.12. Repeat the dosing procedure (steps 1.5 through 1.8) using milk instead of ethanol-in-milk 

to prevent nutritional deficits from nursing inability in AE pups. 

1.12.1. Perform a total of 2 supplemental milk doses two hours apart on PD4. 

1.13. Repeat steps 1.4 through 1.12 on PD5-9. 

1.14. Following the final supplemental milk dose on PD9, ear punch all pups for identification 

in the EC cage. 

1.14.1. Coordinate punched ear with some measure of litter number or identifier (e.g., odd num-

bered litters within a cohort would get their left ear punched while animals from even numbered 

litters would get their right ears punched). This will make it easier to identify animals in the EC 

cage should multiple animals from different litters have the same pawmark pattern. 

2. Weaning 

2.1. On PD23, house all animals in cages of 2 - 3. 

2.1.1. Ensure that all animals housed in the same cage are the same sex. 

2.1.2. Include one SC, one SI, and one AE animal per cage when possible. 

2.1.3. Minimize the number of cage mates that are from the same litter. 

2.1.4. Make sure all animals are capable of accessing food and water. 

3.  Wheel Running 

3.1. On PD30, allocate half of the cages with animals to WR. House these animals in cages 

with a free access to attached stainless steel running wheel. 

3.1.1. Ensure that wheels have a counter to assess the total number of revolutions. 

3.2. Weigh all animals on PD30 and PD36. 

3.3.  Check the number of revolutions of each wheel at 9 AM every day. 

3.4. Leave animals in their respective housing condition for 12 days. 

4. Environmental Complexity 

4.1. Prepare the EC cage before 9 AM on the day that corresponds to PD 42 for experimental 

animals. 

4.1.1. Get a 30 ” x 18 ” x 36 ” galvanized steel cage.  



 

 

Note: The cage should have multiple levels, be capable of supporting the weight of multiple rats, 

be filled with standard bedding, and have multiple locations to attach water bottles and food dis-

pensers. 

4.1.2. Place novel, colorful objects of variable sizes and shapes in the cage. 

4.1.2.1. Place 6 large toys in the EC cage. Ensure that each toy is big enough for 3 or more 

rats to interact with concurrently. 

4.1.2.2. Place 6 medium toys in the EC cage. Ensure that each toy is big enough for 3 - 4 

rats to interact with concurrently. 

4.1.2.3. Place a lot (at least 20) of smaller toys in the EC cage. 

4.1.2.4. Use toys of varying colors, shapes, size, etc. Novelty is critical to this intervention 

(see discussion). 

4.1.3. Place two dishes of food at opposite ends of the cage. 

4.1.4. Place two bottles of water at opposite ends of the cage. 

4.2. At 9 AM on PD 42, weigh all animals and relocate the WR animals to the EC cage. Each 

EC cage should contain 9 - 12 animals. 

4.2.1. Make sure that no animals have both the same pawmark and ear-punch patterns. 

4.3. Check all food and water daily. 

4.4. Every two days, remove the toys from the EC cage and replace them (according to step 

4.1.2.). 

4.5. Every three days, clean the EC cage. 

4.5.1. Remove the animals from the EC cage and put them in temporary holding cages of 2 - 3 

animals. 

4.5.2. Remove all of the bedding from the bottom of the cage. 

4.5.3. Replace all of the toys according to step 4.1.2. 

4.5.4. Replace all of the food and water. 

4.5.5. Replace the rats into the EC cage. 

5. Collect Tissue 

Note: Tissue collection (e.g., perfusion with paraformaldehyde, rapid decapitation) and storage 

(e.g., freezing, paraffin embedding) can be performed with a variety of methods. The following 



 

 

will explain the process of perfusion with 4 % paraformaldehyde in 0.1 M phosphate buffered 

saline (4 % paraformaldehyde in PBS) solution 8.  

Caution: Paraformaldehyde is carcinogenic and may also cause skin irritation, allergic skin reac-

tion, or eye damage. Use appropriate eye/skin protection. 

5.1 Expose one rat at a time to isoflurane to lightly anesthetize the animal. 

5.2 Intraperitoneally inject the rat with 2 mL/kg of Ketamine/xylazine mixture (1.5 mL 

xylazine mixed with 10 mL of ketamine).  

Note: Ketamine and xylazine are both at stock concentrations of 100 mg/mL before combining for 

injection mixture. 

5.3 Once rat is no longer responsive, perfuse the animal with 0.1 M phosphate buffered saline 

(PBS; pH = 7.2) followed by 4 % paraformaldehyde in PBS (pH = 7.2). 

5.4 Remove brain and store in 4 % paraformaldehyde in PBS at 4 °C for 48 h. 

5.5 After 2 days, transfer to solution of 30 % sucrose added to 4 % paraformaldehyde in PBS 

at 4 °C. 

REPRESENTATIVE RESULTS: 

In order to assess the effect of the super intervention, we must look at the effects of each of its 

constituent elements - WR and EC – on our measures of interest. Figures 1 through 3 (below) 

appeared in a previous publication utilizing this paradigm 8. Figure 4 appeared in a doctoral dis-

sertation 36. These data illustrate the impact of WR-EC on hippocampal adult neurogenesis in the 

dentate gyrus. All graphs illustrate group means, with error bars indicating a single standard error 

from mean. Figure 1 demonstrates increases in cell proliferation following the WR portion of our 

intervention, indicating that the WR component is robustly capable of increasing cellular prolifer-

ation in the DG of the hippocampus in normally developing, early-life stressed, and alcohol-ex-

posed animals. Figure 2 demonstrates the ability of EC to increase survival of adult generated cells 

in the DG in animals that were exposed to either stress or alcohol neonatally. Figure 3 demonstrates 

the increase in cells that differentiate into a neuronal phenotype, indicating that WR-EC can in-

crease proliferation and survival of adult-born dentate gyrus granule cells in animals that undergo 

neonatal exposure to alcohol or intubation stress, implicating it as a therapeutic to rescue deficits 

in hippocampal adult neurogenesis. Finally, Figure 4 confirms the WR-EC effect on dendritic plas-

ticity: the length of doublecortin-positive dendrites of dentate gyrus’ granule cells in AE rats is no 

longer different from control. Blood alcohol content (BAC) on PD 4 was 321.19 ± 14.03 mg/dl 

(mean ± SEM), comparable to other studies using this exposure paradigm 28,37. Previous studies 

have demonstrated that animals across these treatment groups do not differ in distances run during 

WR 15. 

 

Figure 1. WR robustly increases cell proliferation in the hippocampal DG. Photomicrographs 

illustrate differences in cell proliferation in the DG on PD42 (the cessation of WR) as labeled with 

Bromo-deoxyuridine (BrdU) in AE animals following WR (A) and social housing (B). WR ro-

bustly increases cell proliferations irrespective of neonatal treatment (C). A two-way ANOVA 



 

 

revealed a main effect of housing condition (WR vs. SH) (F1,40 = 19.703, p < 0.001), while no 

significant main effect of postnatal treatment (SC vs. SI vs. AE) or interaction between the two 

factors were observed. Post hoc comparisons were performed as Tukey’s tests. All values represent 

mean ± standard error of the mean (SEM). *p < 0.05, #p < 0.01. This figure has been reproduced 

from Hamilton et al., 20128. 

 

Figure 2. WR followed by EC rescues deficits in cell survival following neonatal alcohol ex-

posure or sham stress. Photomicrographs illustrate differences in cells labeled with BrdU in AE 

animals from WR-EC (A) and social housed conditions (B) injected with BrdU on PD41. Socially 

housed animals displayed a decrease following alcohol exposure relative to suckle controls. Ani-

mals undergoing the WR-EC superintervention display increased survival rates of cells proliferat-

ing after PD41 in both SI and AE groups (C). A two-way ANOVA revealed a main effect of 

housing condition (WR vs. SH) (F1,29 = 11.402, p < 0.01) and a significant interaction between 

postnatal treatment and housing condition (F1,29 = 3.870, p < 0.05), while no significant main effect 

of postnatal treatment (SC vs. SI vs. AE) was observed. A one-way ANOVA within SH animals 

revealed a main effect of postnatal treatment (F1,19 = 3.727, p < 0.05) whereas a one-way ANOVA 

within WREC animals revealed no significant differences between postnatal treatments. Post hoc 

comparisons were performed as Tukey’s tests. All values represent mean ± SEM. *p < 0.05, #p < 

0.01. This figure has been reproduced from Hamilton et al., 20128. 

 

Figure 3. WR-EC rescues deficits in neurogenesis following neonatal alcohol exposure or 

sham stress. Co-localization of BrdU (green) expression and NeuN (red) in hippocampal granule 

cells. Fluorescent confocal images were acquired following immunohistochemical procedures. 

BrdU was injected on PD41 tissue was collected on PD72. Both BrdU and NeuN were observed 

in the DG (A, B). Although SC animals did not show a significant increase in number of prolifer-

ating neurons, both AE and SI animals showed an increase in neurogenesis (as indicated by double 

labeling with BrdU and NeuN) following the WR-EC paradigm compared to socially housed ani-

mals (C). A two-way ANOVA revealed a main effect of housing condition (WR vs. SH) (F1,28 = 

20.48, p < 0.001), while no significant main effect of postnatal treatment (SC vs. SI vs. AE) or 

interaction between the two factors were observed. Post hoc comparisons were performed as 

Tukey’s tests. All values represent mean ± SEM. *p < 0.05, #p < 0.01. This figure has been repro-

duced from Hamilton et al., 20128. 

 

Figure 4. WR-EC rescues deficits in dendritic complexity of hippocampal DG granule cells. 
Sholl analyses of dendritic intersections illustrate WR-EC’s ameliorative effects on dendritic com-

plexity in the dentate gyrus of adult rats following neonatal alcohol exposure. In social housing 

conditions, AE animals have a decreased number of DG granule cell dendrite intersections relative 

to control animals (A). Housing in WREC increases the number of intersections in AE animals 

relative to socially housed controls (B). AE animals reared in our WREC paradigm display similar 

numbers of intersections relative to control animals housed in WREC (C). Repeated measure 

ANOVAs were performed on the data in each graph. Panel A demonstrates a main effect of post-

natal treatment (F1,11 = 6.265, p = 0.029). Panel B demonstrates a trend toward a main effect be-

tween housing conditions (F1,6 = 4.181,p = 0.087). Panel C demonstrates no significant difference 

between SC and AE animals within the WREC housing condition. All post hoc comparisons were 

performed as Tukey’s tests. All values represent mean ± SEM. ^p < 0.01, *p < 0.05. This figure 

has been reproduced from Hamilton, 201236. 



 

 

 

DISCUSSION: 

In the above protocol, we demonstrated an expedient intervention to rescue neuroanatomical def-

icits following neonatal alcohol exposure. This intervention can be used as a therapeutic in other 

animal models due to the robustness of each of the components of the intervention. Voluntary 

cardiovascular activity in the form of WR has been shown to benefit several behavioral outcomes 
38,39 and induce functional plastic alterations in  brain regions such as the hippocampus (reviewed 

in 40). This is in part due to expression of growth factors and other neuroprotective mechanisms in 

the brain parenchyma in both rodents and humans 21,41. Supplementing these effects, EC can induce 

beneficial cellular 6,11,42,43, structural 2 and pharmacological 12,44 change in rodents.  

 

In order for WR to be maximally effective in this particular model of human syndrome, it is critical 

for animals to have voluntary access to a functional running wheel; daily wheel access should last 

for an extended amount of time45 at least 10-12 h per day and preferably 24 h (some adverse effects 

of withdrawal from the running wheel were reported). This WR paradigm lasts for 12 days to allow 

for the combination of WR and EC to fit into adolescence and early adulthood. The duration, age 

at exposure, and modality of exercise (among other factors) can affect the efficacy of exercise as 

a therapeutic intervention46, and such critical factors should be considered when planning to im-

plement this protocol or any other WREC paradigm. A key component of this EC paradigm is the 

novelty of the multiple objects in the environment and social interaction (reviewed in 14,47). There-

fore, it is critical for the items in this paradigm to be replaced every 48 h. Based on the need for 

multiple items, the interaction with the items and their exploration, and social interaction, we find 

that our number of unique items, frequency of item replacement, and number of cage mates is 

sufficient to induce therapeutic outcomes on the neuroanatomical measures that we assess. We 

found that continuous exposure for 30 days is more appropriate to overcome deficits induced by 

neonatal alcohol exposure than limited exposure interaction to a novel environment. 

 

The goal of this protocol is to introduce a WREC paradigm that addresses both the cardiovascular 

exercise and environmental novelty components of plastic intervention. For this reason, we will 

address the modification that can be made to the paradigm but would caution use of modifications 

that may alter the ways that animals interact within the paradigm as well as the experimental con-

clusions that can be drawn. One possible alteration would be the introduction of running wheels 

to the EC environment. In doing so, it would be difficult to determine the relative contributions of 

each component. It would additionally be difficult to assure that all animals participate in both the 

WR components and EC components of the paradigm as housing of 8-10 animals together is re-

quired for EC. However, since long-term access to exercise is critical in the efficacy of this inter-

vention 45, further research may address the optimal ratio of WR access to EC access (although the 

methods in this protocol have shown robust neuroanatomical and behavioral implications 8,33). 

Modifications to individual items used within the EC environment are acceptable, but it is critical 

for the items to be interesting, complex, novel, stimulating and frequently refreshed 14. 

 

This paradigm does contain several innate limitations in our hands, which should be considered 

when planning to implement this “super intervention”. One limitation to the WR component of the 

paradigm is the inability to assess the distance run by individual animals. One of the obvious and 

straightforward solutions would be an individual housing of the animals during WR component. 



 

 

However, it needs to be stressed that individual housing is widely accepted as detrimental to ani-

mals and can even directly counteract the beneficial effects of wheel running 48. An additional 

alternative (although time-consuming and imperfect) would be to video record the running wheel 

at all times that the animals have access. This would require a unique identifier for each animal in 

a cage (e.g., painting unique colors or patterns on the fur of each animal)49. This technique would 

still be subject to confounds of multiple animals utilizing the wheel concurrently. A similar diffi-

culty carries to EC where it becomes difficult to food restrict individual animals (without limiting 

the time period of food consumption). To reduce the impact of this, we would recommend housing 

in EC for a full 30 days followed by an immediate food restriction paradigm. Extended amounts 

of time out of EC could inhibit induced plasticity that occurs during this paradigm.  

 

As mentioned previously, the importance of this article is to allow for consistent characterization 

of the EC paradigm and its implementation following cardiovascular exercise in the form of WR. 

Previous EC paradigms have exposed animals to EC housing without exposure to WR 12,50, WR 

inside of the EC cage for a shorter amount of time 51 or with less animals 52, or the animals were 

exposed to an EC environment for a longer amount of time with less frequent changing of cage 

items 13. It is likely that the beneficial effects of EC require the induced plasticity from WR in a 

temporally relevant time window to show long-term benefit. In this way, we believe that coupling 

WR and EC for 12 and 30 days respectively allows for a maximally beneficial and concise inter-

vention. 

 

At this point, the use of this model has been limited to the adolescent and early adult time peri-

ods. Further examination of the robustness of this intervention at different stages, and the ontog-

eny of neuroplastic benefit should be examined further in the future. Additionally, the use of dif-

ferent developmental deficits is greatly encouraged, as this will assist in developing effective 

therapeutic interventions for individuals afflicted by such disorders. Previous literature has 

demonstrated independent effects of WR or EC on adult neurogenesis, learning and memory, or 

anxiety-like behaviors in a genetic mouse model of anxiety 53. The robustness of these two inter-

ventions and the synergistic effect of EC to sustain the short-term effects of increased WR-in-

duced benefits (i.e., hippocampal cell proliferation and neurogenesis) makes it well poised for 

integration into a diverse range of research questions. 
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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 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. 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.

9. 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.

10. 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 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
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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. 

11. 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 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. 

12. 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.

13. 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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The authors would like to thank the Editors and Reviewers for their comments on our 

manuscript. Below, we have included a list of changes made to the manuscript in response to 

comments that we have received. All line references mentioned in this summary correspond to 

the corrected and newly submitted manuscript (when tracked changes are not visible). 

 

Editorial comments: 

1. All of your previous revisions have been incorporated into the most recent version of the 

manuscript. In addition, Editor may have made minor copy edits to your manuscript and 

formatting changes to comply with the JoVE format. Please maintain these changes. On the 

JoVE submission site, you can find the updated manuscript under "file inventory" and 

download the microsoft word document.  Please use this updated version for any future 

revisions and track all changes using the track changes function in Microsoft Word. 

 We used the manuscript mentioned above for our edits. Due to copy edits and formatting 

on the “Protocol” section, the numbering for lines 98 and lines 180 to 189 could not be 

corrected by the authors when steps were removed or added to the protocol. 

 

2. Editor made formatting changes (line spacing), please maintain these changes moving 

forward. 

 Changes to line spacing were maintained. 

 

3. Formatting: 

a. The protocol should be formatted into Sections separated by section headings. Ethics 

approval should not be an experimental step. Only an ethics statement at the 

beginning of the Protocol section (below the "Protocol" sub-heading) is required. 

 We added a separate statement regarding ethics approval to the manuscript as the 

opening sentence in the Protocol (lines 83 and 84). When this change was made, 

subsequent numbering of the protocol section was changed (see earlier statement 

regarding the several protocol steps in which this wasn’t the case). 

b. Please express centrifuge speeds as “x g” rather than rpm (see 2.11.2). 

 Line 118 now states “Centrifuge blood at 1.5 x g for 25 minutes.” 

 

4. Paraformaldehyde is toxic and requires a caution statement. 

 We included the following statement on lines 177 to 179: “CAUTION: 4 % 

paraformaldehyde in PBS is carcinogenic and may also cause skin irritation, allergic skin 

reaction, or eye damage. Use appropriate eye/skin protection.” 

 

5. Please include spaces between all numbers and units. 

 Thank you, this has been corrected. 

 

6. Please remove references to the video. 

 The reference to the video has been removed. 

 

7. Grammar: 
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a. Title should be “Wheel running and environmental complexity as a therapeutic 

intervention in an animal model of FASD” 

 The title has been corrected. 

b. Line 121 – “make them easier to identify animals” 

 Line 129 (previously line 121) has been changed to “…make it easier to identify 

animals…” 

c. 5.1.2.3 – “Place lots” should be “Place a lot” 

 Line 155 has been changed as recommended. 

d. Line 253 – “is introduce a” 

 Line 290 (previously line 253) has been changed to “…is to introduce a…” 

e. Line 271 – “individual housing is widely accepted as detrimental to animals can even 

be directly detrimental” 

 Lines 309 and 310 have been changed to “…individual housing is widely 

accepted as detrimental to animals and can even directly counteract the beneficial 

effects of…” 

 

8. Additional detail is required: 

a. 2.7, 2.8 – How is intubation performed? This should be described or a citation should 

be provided. 

 A citation was added on line 108 (Kelly & Lawrence, 2008) which provides a 

detailed protocol for the dosing procedure. 

b. 2.11.1 – Please describe how blood is collected or provide a citation. 

 A citation was added on line 115 (Helfer et al., 2009) which describes the process 

of blood collection in its methods. 

c. Results: 

i. Please define the error bars (SD, SEM, etc.) in the figure legends. Please also 

define any statistical differences and indicate the statistical test used. 

 The figure captions were revised to include descriptions of error bars, 

statistical tests performed, and statistical results. 

ii. Figure 3 – What treatments were used in A and B? 

 The postnatal treatment on animals used in the fluorescent 

photomicrographs in Figure 3 was AE (alcohol exposure), based on the 

laboratory records. Figure 3 was reproduced from a publication, and the 

initial publication does not include any details regarding the animal(s) 

displayed in the figure. 

 

9. Please take this opportunity to thoroughly proofread your manuscript to ensure that there are 

no spelling or grammatical errors. Your JoVE editor will not copy-edit your manuscript and 

any errors in your submitted revision may be present in the published version. 

 The manuscript was proofread by the authors. 

 

10. If you are re-using figures from a previous publication, you must obtain explicit permission 

to re-use the figure from the previous publisher (this can be in the form of a letter from an 

editor or a link to the editorial policies that allows you to re-publish the figure). Please 

upload the text of the re-print permission (may be copied and pasted from an email/website) 

as a Word document to the Editorial Manager site in the "Supplemental files (as requested by 



JoVE)" section. Please also cite the figure appropriately in the figure legend, i.e. "This figure 

has been modified from [citation]." 

 The appropriate permissions have been uploaded to the Editorial Manager site in the 

appropriate section. The figure captions have been revised to include the statement, “This 

figure has been reproduced from [citation].” The also statement includes a superscript 

citation to the appropriate reference. 

 

Reviewers' comments: 
1. Reviewer #1: 

a. Minor Concerns: 

i. One suggestion is related to the role of the type of exercise. Currently she 

studies on exercise and its effects on brain plasticity show that the type of 

exercise and the duration of the program must be taken into account. I think it 

should include some mention of these topics of interest (see Ryan, S and 

Kelly(2016) Ageing Research Reviews, for example). 

 This was briefly addressed on lines 273 to 278. Further discussion and a 

citation discussing the implementation of these factors into rodent models 

of disease has been added on lines 278 to 280. 

ii. On the other hand I consider relevant to mention the statistical analysis used 

in the different phases of study. 

 This has been added to the figure captions in the “Representative Results” 

section. 

b. Additional Comments to Authors: 

it should also include some studies that show the different therapeutic effects of both 

interventions. So appears to be EC could have more influence on the anxiolytic 

responses while the voluntary exercise appears to modulate responses more related to 

cognitive functions (Rogers, J., et al 2016, Transl Psychiatry; doi:. 10.1038 / 

tp2016.52) 

 Discussion was added on lines 334 to 336 adding promise to the use of this 

paradigm in other models of rodent behavioral and neuroanatomical deficits. 

 

2. Reviewer #2: 

a. Major Concerns: 

i. The major flaw of this protocol is that there is a lack of cell survival and neurogenesis 

effects by WR/EC in the control group. The pro-survival and neurogenic effects of 

enrichment are well documented and reproducible by independent labs. Therefore, the 

absence of that observation here indicates a major flaw to the proposed protocol. This 

has to be discussed as a major limitation to their approach, regardless of the 

impressive rescuing effects observed in the alcohol-exposed rats. 

 The neurogenic effects of “enrichment” in the field are dependent primarily on the 

inclusion of a running wheel or some alternative form of cardiovascular exercise 

in the environment (e.g., references 9,51 ). The purpose of this manuscript is to 

propose an intervention that has been demonstrated in the literature and allows for 

the contribution from each of the two elements to be independently identified. 

Additionally, this protocol proposes the use of this “superintervention” as a 

therapeutic to rescue alcohol-induced deficit. For this reason, the authors 



respectfully disagree with reviewer #2’s comments above as major limitations to 

the proposed protocol. 

ii. I suspect it may be due to the lack of detail in describing Section 5. Environmental 

Complexity. There is only mention of different sized toys, but these could be solid 

toys rather than objects which provide the rats housing opportunities. There is also no 

mention of nesting material (e.g. shredded paper, straw) to promote nest building and 

digging behaviour, tunnels to promote exploratory behaviour. 

 The items in the environmental complexity paradigm should be highly varied (as 

mentioned on line 150). Since there should be a variety of different objects that 

should not be consistent, the authors decided that it would be too cumbersome to 

list the wide variety of objects used, and believed that individuals interested in the 

specific items would be able to see the items in the accompanying video protocol. 

Novel nesting material is not used in this paradigm, and a statement has been 

added on line 148 that states that the cage should include standard bedding. 

Among the various items used in this protocol, some are tunnel-like, but the 

authors’ protocol does not mandate a certain number of tunnel-like objects. 

Animals in all treatment groups explore the objects used in this paradigm (see 

reference 49) and thus it is unnecessary to state that tunnels would be required to 

promote exploratory behavior. 

iii. The constant configuration changes (every 2 days) and cage cleaning (3 days), but 

especially the latter, is stressful to rodents. I cannot help wonder if the absence of a 

significant up-regulation of neurogenesis reflects this since stress is well-established 

to reduce neurogenesis. 

 The citation proposed by Reviewer #1 (Rogers et al., 2016; reference number 53) 

added in response to a comment by Reviewer #1 (comment 1.b., above) discusses 

anxiety in response to an EC paradigm. Specifically, this reference addresses that 

EC reduces anxiety-like behavior. Further, we could not determine an empirical 

basis that would implicate any stressful effects of cage cleaning as responsible for 

the lack of survival in adult-born hippocampal granule cells in suckle control 

animals (but not sham-intubated or alcohol exposed animals). 

b. Minor Concerns: 

i. The authors should substantiate the dosage indicated in point 2.5, 2.5.1. Are there 

references for these doses? 

 A citation was added to line 105 to indicate the model from which this dose is 

derived. 

ii. 2.11.1 Is blood collected in an EDTA tube for plasma or serum? Authors should 

mention that blood sampling 1.5hr after intubation gives the maximal blood alcohol 

readout. 

 An additional protocol step was added (1.11.4.) to address that the blood collected 

provides serum for further analyses. Additionally, a parenthetical statement was 

added on lines 113 and 114 addressing the reason for collecting blood at 1.5 hours 

after exposure. 

iii. The stringent need for litter sizes to be 8, makes the flexibility for weaning numbers 

(2-3) odd. Especially since 3.1.2. suggests at least 3 rats per cage. Surely a minimum 

of 3 would be a preferable approach. 



 This is explicitly addressed in section “2. Weaning” (previously, “3. Weaning”). 

Line 134 states that each cage only contains one animal from each condition. Line 

135 further describes that the 3 animals in a single cage should not be from the 

same litter if possible, thus the use of 2-3 animals per cage is not unusual. To 

address the possible need for an experiment to use different litter sizes, step 1.1.1. 

was added to discuss the considerations that led to the decision of 8 animals per 

litter. 

iv. More detail might be required for 4.1. WR description. I believe there are 

commercially available rat cages with wheels that automatically log the usage. 

 The “Instructions for Authors” document says to avoid the use of commercial 

language or company brand names in the document. Additionally, the authors 

included the wheel that their lab uses which is not similar to the item suggested by 

Reviewer #2 and thus it was not included in the manuscript or materials list. It is 

also unclear in what way a wheel would “log usage” that the model listed by the 

authors (in their materials list) does not, as all animals in the cage will have an 

access to the wheel and no individual recording is possible. 

v. There should be an additional point 6.6 to conclude the section of tissue collection. 

'Fixed brains are cryopreserved or paraffin embedded in accordance to teh 

requirements of the subsequent sectioning and immunohistochemical analyses.' 

 The reference given in the note below step 5 (line 177) includes a detailed 

description of the procedures following the tissue collection protocol explained in 

this manuscript. Although this manuscript describes perfusion with 

paraformaldehyde, the authors had previously included the note that, “Tissue 

collection can be performed with a variety of methods (e.g., perfusion with 

paraformaldehyde, rapid decapitation, etc.).” This note was revised to include 

flexibility in tissue storage techniques as well. 

vi. Asterisks in Fig 1C, 2C, and 3C are misaligned. 

 Figures 1, 2, and 3 are reproduced from a previously published article. The 

authors reproduced these figures and did not alter them in any way. 

vii. The table needs to be aligned properly. Also the description of small, medium and 

large objects is poorly included, as it provides no information to the reader. 

 The cells in the excel spreadsheet materials table have been aligned to the top left 

corner. Details regarding the specific objects are intentionally left vague as a wide 

variety of objects are used in the environmental complexity cage, and 

quantification of each of these objects (and the specificity of the brand and item) 

would make the list incredibly cumbersome. The authors decided (as addressed 

above) that the accompanying video protocol would provide an appropriate 

supplement to the list and manuscript. 
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