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Mucosal Cheek Pouch Tattoos Allow Repeat Assessment of Experimentally-Induced 
Oral Tumor Development in Syrian Hamsters (Mesocrietes auratus) 
 
Mandy Leber1, Dondrae Coble1, Haiming Ding2, Stephanie Lewis1 

1University Laboratory Animal Resources, Office of Research; The Ohio State University, 
Columbus, Ohio;  2College of Medicine; The Ohio State University, Columbus, Ohio 
 
Tattooing of research animals as a means of individual identification has become prevalent in the 
research community. An established animal model of oral carcinogenesis utilizes hamsters due to 
the presence of immunologic privileged cheek pouches. Typically, carcinogen compounds are 
applied topically or “painted” onto the cheek pouches. Due to the extensive size of the cheek 
pouches, it can be difficult to determine where the compounds were originally applied, which 
can impact reapplication of a compound or collecting tissues for assays. The objective of this 
project was to determine if mucosal cheek pouch tattoos could delineate   an area to reliably 
quantify and monitor neoplasia development. Hamsters were anesthetized and the cheek pouches 
were everted with a 3cc syringe plunger to access the tattoo site. A reproducible tattoo margin of 
1cm by 1cm was created using plastic acetate. Four distinct dots were applied at each corner of 
the plastic acetate using a tattoo device. Hamsters were anesthetized and the cheek pouch tattoos 
were reevaluated on day 7, 21, 42, and 124. Day 124 was not as fully visible as day 42, but the 
tattoos, though faded, were still present. This project has proven to be a reliable method to 
reassess tumor development on the mucosal surface of hamster cheek pouches. To the authors’ 
knowledge, this is the first report using mucosal cheek pouch tattoos as a method of localization 
for refined application and evaluation in the Syrian hamster oral carcinogenesis model. 
 
Impact of sanitation practices on airflow and animal health in ventilated rat rack 
systems 
 
Joann Petty, Michelle Creamer, Tara Martin, Valerie Bergdall, Judy Hickman-Davis 
University Laboratory Animal Resources, Office of Research; The Ohio State University, 
Columbus, Ohio;   
 
The Guide for the Care and Use of Laboratory Animals states that frequency of sanitation of 
cage racks is governed by the type of caging and husbandry practices used.  Ventilated rat racks 
were sanitized every 6 months in a standard cage wash without removing plastic air valves 
(AVs) according to manufacturer’s instructions.  A spray pattern “powder film” was found on 
the inside lid of ventilated rat cages, and investigation of the cause revealed  AV rack ports that 
were partially or completely occluded with debris. Sanitation practices were amended to include: 
AVs removed, soaked in 10% bleach for 10 minutes, rinsed, and washed in a standard cage 



wash. It was hypothesized that occluded AVs would negatively impact animal health. Sprague-
Dawley rats were housed in four groups: 100% AV-open, 100% AV-occluded, 50% AV-
occluded inlet air supply, 50% AV-occluded outlet air supply. Ammonia levels were measured 
daily for 14 days or until ammonia concentration reached >25 ppm. Half of cages with 100% 
AV-open or 50% AV-occluded remained on study until day 14. All cages with 100% AV-
occluded reached >25 ppm ammonia by day 8 (p=0.001). Airflow and pressure was measured for 
all treatment conditions with a Techniplast© monitor cage in the absence of animals. Airflow 
was significantly decreased in cages with 50% (p=0.01) and 100% (p=0.001) occluded AVs. Air 
pressure significantly increased when AVs were occluded (p=0.001).  AVs were cultured for 
bacterial type and load before and after cleaning. Bacillus spp. was consistently cultured from 
AV before and after cage wash. All rats appeared healthy and no pathogenic bacteria were 
cultured from the nasopharynx. These data indicate that ventilated rat racks may require 
sanitation more frequently than every 6 months, removal of AVs is necessary to remove debris 
during cleaning, and 100% occlusion of AVs is required to significantly impact intra-cage 
ammonia levels. 
 
Effects of Influenza Infection on Murine Alveolar Type II Cell Function 
 
Christian C Hofer, DVM, Ian C Davis, DVM, PhD Associate Professor 
Department of Veterinary Biosciences, College of Veterinary Medicine, The Ohio State 
University 
 
Surfactant protein C (SP-C) is a key component of pulmonary surfactant that is produced 
exclusively by alveolar type II (ATII) pneumocytes. ATII cells are small cuboidal epithelial cells 
that comprise approximately 15% of the total cells lining the alveoli but only 5% of alveolar 
surface area. The much larger and flatter alveolar type I (ATI) pneumocytes cover approximately 
95% of the surface area of the lung and are the primary site of gas exchange. Following lung 
injury, ATII cells can produce inflammatory mediators and will also differentiate into ATI cells 
to repair the damaged epithelium. During differentiation, ATII cell surfactant lipid and protein 
production progressively declines. We hypothesized that, as a known cause of severe lung injury, 
influenza A virus infection will significantly alter ATII cell function. Moreover, we proposed 
that ATII cell SP-C production would decrease and that ATII cells would increase production of 
inflammatory cytokines in response to influenza infection. Transgenic mice that express a GFP 
transgene under the control of the ATII cell-specific surfactant protein-C promoter were infected 
with influenza A/WSN/33 (a mouse-adapted H1N1 strain) for 2-6 days. ATII cells were then 
isolated from lung digests and analyzed by flow cytometry. We found that influenza infection 
resulted in a progressive decline in SP-C-positive cells from a mean of 50% in uninfected mice 
to 24% at 6 days post-infection. This finding was confirmed by whole-lung imaging using an In 
Vivo Imaging System (IVIS). Influenza infection also induced expression of GROα/KC and 
TGF-β1 by ATII cells, but did not result in production of IFN- or IL-6. The flow cytometric 
analysis techniques which we have developed will increase our ability to determine specific 
effects of influenza infection on ATII cell function and the role of these cells in the post-
infection inflammatory cascade and recovery from lung injury. They will also allow us to 
generate highly-purified ATII cell preparations by cell sorting, which can be used for analysis of 
influenza effects on ATII cell gene expression.  
 



Refinement of Swine Enrichment via Customization of Foraging Balls Results in 
Increased Duration of Play  
 
Rebecca Glock; Shannon R. Balser; Stephanie Lewis 

University Laboratory Animal Resources, Office of Research; The Ohio State University, 
Columbus, Ohio 
 
Providing research animals with appropriate environmental enrichment helps to encourage 
species-specific behavior.  In swine, this includes behaviors such as rooting and foraging. One of 
the ways to achieve this goal for swine in the research setting is to place food enrichment into a 
foraging ball—a hard, hollow, plastic toy which has pre-drilled holes in it to engage the swine in 
removing the food. Many of the commercially available foraging balls for swine have multiple 
small holes throughout the surface.  This requires the use of small food items, which poses the 
problem of food falling through the grated, elevated flooring that swine are housed on in our 
facility.  There are also commercially available foraging balls that have few extremely large 
holes in the surface; and in our experience, they do not present enough of a challenge for the 
swine.  In an effort to provide the best possible enrichment for our swine, we created customized 
foraging balls from herding balls—a hard, hollow, plastic ball with no holes.  The herding balls 
were customized by drilling varying size and numbers of holes.  This allowed larger food 
enrichment choices which would not fall through the flooring, but still provided more of a 
challenge for the animals.  The swine were observed playing and investigating the foraging balls 
for longer periods of time, approximately 30-45 minutes while there was food in the ball.  These 
customized foraging balls create a more challenging experience for our swine, thus extending 
play time and providing a better enrichment experience in our facilities. 
 
Meningocele with a Focal Lipomatous Hamartoma in a Mouse (Mus musculus) 
 
Mandy Leber1, Adrienne Dardenne1, Brad Bolon2, and Stephanie Lewis1 

1University Laboratory Animal Resources, Office of Research; The Ohio State University, 
Columbus, Ohio 
2Comparative Pathology & Mouse Phenotyping Shared Resource; The Ohio State University, 
Columbus, Ohio 
   

A 7 month old female genetically modified mouse on a C57BL/6 background presented to the 
veterinary service with a 0.25 cm diameter, soft, elevated mass on the dorsal aspect of the rostral 
cranium. No other abnormalities were noted on physical examination, nor were clinical signs of 
neurological dysfunction observed. Consultation with the investigator revealed that this finding 
was not an expected phenotype in the colony. At necropsy, the mass was demonstrated to 
involve the subcutis but also extend as a fibrous stalk through an orifice in the calvarium (i.e., 
skull). Histopathologic examination revealed a narrow, irregular cavity lined by a thin 
meningothelial layer subtended by a variably thick layer of dense connective tissue. Other subtle 
but notable dysplastic defects in the adjacent brain included the loss of cerebrocortical layer I, 
agenesis of the corpus callosum, and streaming of the habenular nuclei into the dorsally 
displaced walls of the third ventricle. These traits confirmed that the mass was a meningocele, a 
neural tube defect resulting from incomplete closure of the rostral neuropore at approximately 
gestational day 9.25.  Additionally, the substantial overgrowth of subcutaneous white adipose 



tissue surrounding the meningocele was diagnosed as a lipomatous hamartoma (i.e., a nodule 
comprised of extra cells/tissues of a kind-in this case fat-normally found at the site).The 
mechanism responsible for hamartoma formation was not identified, but a reasonable 
explanation would be excess fat proliferation in response to growth factors elaborated by the 
protruding meningeal tissue. While this presentation, (meningioma encased in a mass) is 
uncommon, it is important to consider as a differential diagnosis in adult animals when 
evaluating nodular lesions along the axis of the neural tube fusion. 
 
 
 
 
The Health Management of a Rice Rat (Oryzomys palustris) Colony within a 
Laboratory Animal Facility 
 
Nicolaus, Mackenzie; Hickman-Davis, Judy M. 
University Laboratory Animal Resources, The Ohio State University, Columbus, OH, United 
States 
 
Animal care and use programs within academic institutions need to provide appropriate health 
management conditions for a variety of animal species.  The rice rat (Oryzomys palustris) was 
selected by an investigator to be used as an animal model for periodontal disease.  In preparation 
of using this animal model, University Laboratory Animal Resources’ Quality Assurance 
Laboratory needed to develop a standard of care for a colony of animals acquired from an 
outside source.  The aim was to determine the appropriate health monitoring requirements for the 
animals, along with establishing baseline data bank of blood chemistry values for this species.  
Animals were initially quarantined and monitored for excluded pathogens using parasitologic 
and serologic methods by direct testing of the colony animals and sentinel animals associated 
with the colony.  Serology testing utilizing blood collected from the submandibular vessel was 
sent to Charles River Laboratories and was tested under the Rat Assessment Plus panel.  Endo 
and ecto parasite testing resulted in positives for both fur mites (Radfordia affinis) and pinworms 
(Syphacia muris). Treatment was initiated using Harlan™ Teklad Global 18% Protein Diet 
medicated with Fenbendazole and placing Atgard® (dichlorvos) Swine wormer in the bedding.  
Results were the successful elimination of both pathogens.  At the end point of the study, blood 
was collected via cardiac stick and serum was submitted for complete blood cell count and serum 
chemistry to the Comparative Pathology and Mouse Phenotyping Shared Resource at The Ohio 
State University. Standard baseline rice rat values were determined by comparing the results to 
each other as well as the standard rat values for serum chemistry. The establishment of baseline 
serum chemistry values for this unique species and successful treatment of pathogens contributed 
to the formation of a veterinary care program which will help provide high quality research 
subjects in the future. 
 
A retrospective look at the impact of removal of shoe covers from standard personal 
protective equipment within the animal facility 
 
Nicolaus, Mackenzie; Petty, Joann; Harrison, Dianne; Bergdall, Valerie; Hickman-Davis, 
Judy M. 



University Laboratory Animal Resources, The Ohio State University, Columbus, OH, United 
States 
 
Historically, shoe covers were considered an integral part of the bio-containment process for 
maintaining a “clean” animal room. With the introduction of microisolator caging and ventilated 
rack housing, it became necessary to re-evaluate the contribution of different elements of PPE 
utilized to maintain animal and human health. A study was designed to test the effectiveness of 
shoe covers for bio-containment at both the animal room floor level and on personnel utilizing 
fluorescent powders. Experiments were performed both with and without shoe covers and a 
black light was used to survey fluorescence around the room, on the rack, on inner and outer 
surfaces of cages, and on personnel. While there was no difference in the spread of fluorescence 
in the presence or absence of shoe covers at the room level, it was determined that the 
application of shoe covers offered a direct potential for contamination of personnel from contact 
with shoe bottoms. In August 2010, shoe covers were removed from standard PPE for all ULAR 
facilities except BSL3 and quarantine areas.  An advisory group of investigators was contacted 
for initial feedback. Official notification for removal was communicated to staff and investigator 
groups via email and signage including objective pictorial results of the shoe cover study was 
placed in all ULAR facilities explaining the refinement of PPE for ULAR vivaria.  The results of 
ULAR standard quarterly sentinel monitoring at 6, 12, 18, and 24 months post shoe cover 
removal has shown no change in the health status of colony animals.  From 2008 to 2011, ULAR 
facilities saw a 28% increase in animal use.  With removing shoe covers, ULAR has a projected 
minimum supply savings of $18,000 and staff-related time savings of $9,000 each year.  Results 
indicate that the elimination of shoe covers did not impact disease prevalence and resulted in 
significant savings. 
 
 
Histiocytic Sarcoma in a Djungarian Hamster (Phodopus sungorus) 

Aleksandra R. Gill1, Adrienne Dardenne1, Bonnie Harrington, Brad Bolon2, and Dondrae 
J. Coble1 

1University Laboratory Animal Resources, Office of Research; The Ohio State University, 
Columbus, Ohio 
2Comparative Pathology & Mouse Phenotyping Shared Resource; The Ohio State University, 
Columbus, Ohio 
 

An aged breeding male Djungarian hamster (Phodopus sungorus) presented with bilateral facial 
swelling, proptosis of the left eye and blepharospasm of the right eye. The animal had no medical 
or experimental history. Ibuprofen-medicated drinking water was initiated to manage clinical 
signs. However, due to the poor prognosis, the hamster was humanely euthanized. Gross 
necropsy revealed a proptosed left globe, a ruptured right globe, and marked facial edema and 
hemorrhage. Microscopic examination revealed large thrombi bilaterally in major veins draining 
the retrobulbar venous plexii, with large retrobulbar hemorrhages compressing the harderian 
glands. Abdominal findings included multiple soft, white, attached and free-floating nodules; a 
large mass effacing the cranial pole of the right kidney; and red-brown ascites fluid. The white 



nodules were coalescing foci of disseminated histiocytic sarcoma throughout the abdominal 
cavity and disrupting the parechyma of major viscera (especially liver). The diagnosis of a 
histiocytic lineage for the neoplasm was supported by immunohistochemistry to detect anti-
CD163. The kidney mass was a renal cell carcinoma. While not tested directly, a reasonable 
explanation for the clinical presentation is reduced protein synthesis (including thrombolytic 
molecules) as a consequence of liver destruction and/or cachexia associated with systemic 
neoplasia. To the authors’ knowledge, this is the first case of histiocytic sarcoma reported in a 
Djungarian hamster. 

 
 


