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DISCUSSION 
• Pathologic evaluation confirmed our diagnosis of cystic dilation of 

the bulbourethral glands, a common and reported lesion in some 
strains. 

• Additionally in 1 mouse, unilateral intraluminal cholesterol 
granulomas were found which have not previously been reported in 
this species or this anatomical location to our knowledge.  

• Cholesterol granulomas are expansile, round, or ovoid structures that 
contain cholesterol crystals surrounded by foreign body giant cells 
and nonsuppurative inflammation, all within a fibrous capsule. 

• In the veterinary literature, case reports are limited to horses with 
cholesterol granulomas in the fourth and/or lateral ventricles of the 
brain and one report of a cat with a uterine cholesterol granuloma. 

• In humans, cholesterol granulomas most often occur in the temporal 
bone.  

• A distinction must be made between cholesterol granulomas and 
cholesteatomas which have similar clinical presentations and 
anatomical locations. While neither are considered to be true 
neoplasms, both can be locally aggressive causing extensive 
destruction. The hallmark feature of cholesteatomas is the presence 
of an epithelial lining while cholesterol granulomas are defined by a 
lack of epithelial lining. Accurate diagnosis is critical in treatment and 
developing a prognosis. Cholesterol granulomas may resolve after 
drainage while cholesteatomas always require complete surgical 
excision and have a 50% recurrence rate.  

• Concurrent hemorrhage in the dilated gland with the cholesterol 
granuloma, suggests that the formation of cholesterol crystals is 
associated with lipid components from red blood cell membranes.   

• The low fecundity rate observed in this colony of mice is attributed to 
the bulbourethral gland pathology. Under normal conditions, this 
gland provides a mucus-like alkaline material that aids in: semen 
coagulation and formation of a copulatory plug; lubrication of the 
male urethra; and, neutralization of acidity due to urine residue in 
both the urethra and vagina. With decreased bulbourethral sections, 
reproduction rates decline. 
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The incidence of perineal swellings among male C57BL/6 mice greater than 8 
months of age was anecdotally reported to exceed 43% in a breeding colony with 
Pthrp (parathyroid hormone-related protein) genetic mutations. Elevated 
incidences of bulbourethral (Cowper’s) gland abnormalities ranging from 6.7% to 
83.8% have previously been reported in several strains of mice. At the time of 
clinical presentation, mice appeared clinically normal with the exception of uni- or 
bilateral perineal swellings. Affected males had markedly diminished reproductive 
performance and had not sired litters since the onset of clinical signs. Low 
fecundity rates have been similarly documented in CFW/R1 male mice with 
perineal swellings. To further characterize a suspected bulbourethral gland cyst 
or abscessation of a local structure and possible cause of low fertility, a mouse 
was submitted for pathologic evaluation. Gross examination revealed bilateral 
dilation of the saccular portion of the bulbourethral gland measuring 1.4 x 0.95 x 
0.8 cm on the right and 0.95 x 0.8 x 0.7 cm on the left. The left sac was clear and 
mostly transparent while the right sac was dark red and appeared to contain 
whitish-tan to black luminal structures approximately 0.15 cm in diameter. 
Microscopically, the right contained multifocal luminal cholesterol granulomas 
associated with hemorrhage and hemosiderin accumulation. While cystic dilation 
of the bulbourethral glands is a common and reported lesion in some strains, the 
unilateral presence of intraluminal cholesterol granulomas and hemorrhage has 
not previously been reported in this species or this anatomical location to our 
knowledge. In the veterinary literature, case reports are limited to horses with 
cholesterol granulomas in fourth and/or lateral ventricles of the brain and one 
report of a cat with a uterine cholesterol granuloma. Human literature cites that 
cholesterol granulomas most often occur in the temporal bone. Cholesterol 
granulomas are foreign-body reactions to the presence of cholesterol crystals. In 
this case with prominent hemorrhage in the ipsilateral gland, the formation of 
cholesterol crystals is likely associated with lipid components of red blood cell 
membranes. 

MATERIALS AND METHODS 
• Mice. Foundation breeders were obtained from a collaborating institution. Mice were housed in microisolator cages 

containing ¼ inch corncob bedding and a cotton nestlet under 12:12h light:dark cycle in accordance with “The Guide for 
the Care and Use of Laboratory Animals” and  experimental use approved by the Institutional Animal Care and Use 
Committee. Animals were provided  ad libitum Teklad 7912 rodent chow and  filtered  city water. 

• Clinical Database. Clinical histories were obtained for affected individuals and the colony. Physical exams were 
conducted on affected  individuals.  

• Pathologic Evaluation. Representative mice were euthanatized via CO2 asphyxiation. Following complete postmortem 
evaluations, tissues were fixed in 10% neutral buffered  formalin for 24 hours, processed by routine methods and 
embedded in paraffin wax. Sections (4µm) were stained with hematoxylin and eosin, and evaluated by light microscopy. 

RESULTS 

INTRODUCTION 
• Low fecundity rates prompted 

evaluation of a C57BL/6 colony 
used to propagate Pthrp gene 
mutations for studying bone 
development 

• Several males were noted to have 
uni- or bilateral perineal swelling(s) 
(Fig. 2) 

• Differential diagnoses included 
abscessation or cystic dilation of 
accessory sex glands or lymph 
nodes, herniation of abdominal 
organs, neoplasia, and local 
trauma 

• Bulbourethral gland (Fig. 1) 
abnormalities have been reported 
in several strains of mice 
associated with decreased 
reproductive rates  

Figure 2. Typical Clinical 
Presentation. Unilateral perineal 
swelling in an otherwise healthy 
male C57BL/6 mouse.    

Figure 1. Male Reproductive 
Anatomy. Bulbourethral glands 
(11) are paired structures 
approximately 2mm in that 
cannot be clinically assessed 
unless enlarged to greater than 
5 mm in diameter. 

Figure 3. Colony Incidence of Perineal Swelling(s). Data obtained from 
retrospective analysis of animal observation and census reports revealed that 
affected mice: 
• Were > 8 months of age 
• Had previously sired viable litters prior to the onset of perineal swelling(s) 
• Failed to sire viable litters following the onset of perineal swelling(s) 
• Had similar incidence rates among wild-type and genetically modified lines 

Mice with perineal swelling(s) 13 

Total male census 30 

Overall colony incidence 43% 

Figure 4. Male Reproductive 
Structures. Bilateral cystic dilation of 
the bulbourethal glands. The left gland 
is also dark red and opaque with 
round tan luminal structures.  

Figure 5. Photomicrographs of the left bulbourethal gland shown in Fig. 4. 
A. Glandular spaces lined by mucus-secreting, simple columnar epithelial cells 
are dilated and contain proteinaceous fluid and scant hemorrhage. B. Higher 
magnification view demonstrating  the epithelium, proteinaceous fluid and 
hemorrhage (H) within glandular spaces, hemosiderin-laden macrophages (*) , 
and two intraluminal cholesterol granulomas characterized by fibrous 
connective tissue, scattered nonsuppurative inflammation and acicular 
(cholesterol) clefts. 
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Figure Text. Gross examination revealed bilateral dilation of the saccular portion of the bulbourethral gland measuring 1.4 x 0.95 x 0.8 cm on the right and 0.95 x 0.8 x 0.7 cm on the left. The left sac was clear and mostly transparent while the right sac was dark red and appeared to contain whitish-tan to black luminal structures approximately 0.15 cm in diameter.  Microscopically, the right bulbourethral gland lumen contained multifocal luminal cholesterol granulomas associated with hemorrhage and hemosiderin accumulation. These microscopic findings were not observed in the left bulbourethral gland.
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Previous studies have shown that a different type of healing occurs in 
embryonic skin during the first two trimesters of development. A mouse 
model of fetal wound healing was used for the present studies (Fig 1). 
Before murine embryonic day 15 (E15), wounds exhibit a unique pattern of 
healing leading to regeneration. Loss of the ability to heal without scar 
formation is seen with increasing age of the embryonic skin. Fetal wounds 
generated at late stages of development (embryonic day 18, E18) heal with 
inflammation and scar formation. Currently, reasons for differences in 
wound-induced inflammation in early and late embryonic skin are not 
entirely understood. We hypothesize that differences in expression or 
signaling of HMGB-1, a non-histone DNA binding protein that acts as a 
DAMP (damage-associated molecular pattern), controls the inflammatory 
response in fetal wounds. Cellular injury results in the release of HMGB-1 
from the cell, where it stimulates inflammation by binding to RAGE (receptor 
of advanced glycation end products) or toll-like receptors present on 
inflammatory cells. The purpose of this study is to characterize HMGB-1 in 
fetal repair. To meet this end,  immunohistochemical staining of wounded 
skin from the scarless (E15) and scar-forming (E18) time periods were 
analyzed. Ongoing studies are being conducted to analyze in vivo 
exogenous HMGB-1 treatment of E15 wounded skin and the downstream 
effects on healing. 

Our hypothesis stating differences in HMGB-1 expression between early and 
late embryonic wounds are a controlling factor of the inflammatory response 
in wound healing is strongly supported by these data. The important role of 
the inflammatory response in scar formation has been well established in the 
literature. Extracellular release of HMGB-1, as seen by a loss of nuclear 
immunohistochemical staining in the basal keratinocytes, is seen to a greater 
and more prolonged degree in wounds that heal with scar formation. We 
believe this is due to the role of extracellular HMGB-1 as a DAMP stimulating 
the inflammatory response via binding to RAGE or toll-like receptors on 
inflammatory cells. 
 
In both E15 and E18 wounded skin, extracellular HMGB-1 release occurs as 
early as 12 hours (data not shown). At 24 hours post-wounding, E18 basal 
keratinocytes show an increased loss of nuclear staining in the wound bed as 
well as in the adjacent normal tissue. This suggests a higher concentration of 
extracellular HMGB-1 available to stimulate the inflammatory response than 
would be present in E15 wounded skin. At the conclusion of our time course 
analysis (72 hours), E15 wounded skin appeared to return to baseline 
expression of HMGB-1 and displayed a greater degree of healing with the 
regeneration of dermal appendages consistent with scarless wound healing 
(data not shown). At 72 hours, E18 wounded skin continued to show a loss of 
positive staining in the basal keratinocytes. These results suggest that 
differences in HMGB-1 release by keratinocytes in E15 and E18 skin after 
injury could explain, at least in part, the increase in inflammation and 
subsequent scarring at later stages of development. 
 
The next phase of our study involving in vivo exogenous HMGB-1 treatment  
of fetal wounds has provided preliminary data that further implicate  
extracellular HMGB-1 as a possible regulator of scar formation. As seen in 
Figure 4, E15 wounded skin which is reported and expected to heal without 
scar formation can be induced to heal via fibrosis after exposure to 
exogenous HMGB-1. Overall, these data suggest HMGB-1 may be 
responsible for the observed differences in inflammation and possibly scar 
formation in early and late fetal wounds.  

CONCLUSIONS 

ABSTRACT RESULTS 

BACKGROUND 

Figure 1 FVB mouse model of fetal wound healing. Between E15 and E18, 
fetal skin undergoes a transitional period were the ability to heal scarlessly is lost 
(A). A 2 mm full thickness wound on the dorsum of the fetus was created in utero 
on E15 (B) or E18 (C) to generate scarless or fibrotic fetal wounds, respectively. 
Masson’s Trichrome stained tissue sections taken at 7 days post-wounding are 
shown to illustrate the differences in scarless (B, E15) and fibrotic healing (C, 
E18). Arrows are used to highlight the margins of the wound bed/scar. 
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Figure 3 Immunohistochemical staining 
illustrating temporal expression of HMGB-
1 in E15 and E18 wounded skin. At 2 hours 
post-wounding in both E15 and E18 wounded 
skin (A, B), HMGB-1 is confined to the 
nucleus of basal keratinocytes near the 
wound margin as well as in the surrounding 
normal keratinocytes. Loss of nuclear 
staining near the wound center begins to 
occur at 12 hours post-wounding and is most 
evident at 24 hours post-wounding (C, D).  
Evidence of healing can be seen in E15 
wounded skin at 24 hours post-wounding (C, 
entire wound bed) wounds but not E18 (D, 
half of wound bed).  Based on the findings 
of previously published studies, loss of 
nuclear HMGB-1 staining correlates with 
extracellular release of HMGB-1. E18 
wounded skin (D) appears to lose nuclear 
staining of HMGB-1 in a greater number of 
cells as indicated by the distance from the 
center of the wound (C, D bars). At 72 hours 
post-wounding, the appearance of E15 
wounded skin (E) is consistent with scarless 
healing. Also in E15 wounded skin, basal 
keratinocytes return to a near baseline level 
of nuclear HMGB-1 expression in both the 
wound bed and surrounding normal tissue. 
E18 wounded skin (F) at the same time point  
shows basal keratinocytes have not yet 
returned to a baseline level of HMGB-1 
expression. India Ink was placed at the time 
of wounding to aid in locating the wounds, 
and can be seen in some sections (arrows).  
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Figure 2 Immunohistochemical staining 
of HMGB-1 in E15 (A) and E18 (B) 
unwounded skin. Keratinocyte staining for 
HMGB-1 was most evident in the nuclei of 
basal keratinocytes. There were more 
positively stained cells and an increase in the 
intensity of staining in E18 skin compared to 
E15 skin.  

UNWOUNDED FETAL SKIN 

A B 

Figure 4 Masson’s Trichrome staining of E15 wounded skin 7 days post-injury. 
PBS treated E15 wounded skin (A) serves as control and displays scarless healing, as 
expected, without excess collagen production. HMGB-1 treated E15 wounded skin (B) 
displays an increased amount of collagen production and an absence of dermal 
appendages characteristic of fibrotic wound healing/scar formation. Arrows are used to 
highlight the margins of the wound bed/scar. 
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�Figure 2. HMGB-1 immunostaining in adult and fetal wounds. Frozen sections were stained for HMGB-1. Keratinocyte staining was evident in uninjured skin, predominately in basal keratinocytes. There were more positively stained cells and an increase in the intensity of staining in E18 skin compared to E15 skin. In These results suggest that differences in HMGB-1 release by keratinocytes in E15 and E18 skin could explain, at least in part, the increase in inflammation and subsequent scarring at later stages of development.Overall, the text of the poster looks good.  These are some minor things that you can ignore.-          The sentence in the 1st paragraph of the abstract that begins with “In mice before……” doesn’t transition well.  I would maybe state “Wounds of mice younger than embryonic day 15 (E15) exhibit……..” -          The 1st sentence of the conclusion doesn’t flow well to me.  I see where it is going but the word “differences” is throwing me off.



BLOOD COLLECTION (Fig 4) 
• Blood samples were pooled and submitted for 

complete blood count, renal or hepatic panel 
• Collection prior and post anesthesia 
• Replacement fluids were given subcutaneously  

Strain Specific Effects of Ketamine-Xylazine-Acepromazine, Ketamine-
Xylazine, and Isoflurane Anesthesia in BALB/c and C57BL/6 Strains of Mice 
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Data was analyzed when mice maintained a loss of deep pain for 20 minutes 
and recovered from anesthesia (Fig 5). Due to a high number of anesthetic 
deaths (74%) and low frequency of safely reaching an adequate plane 
surgical anesthesia (<10%) using ketamine-xylazine, statistical analysis was 
not performed and this protocol is not recommended by the authors. For the 
ISO group, the duration of surgical anesthesia was clearly defined by the user 
and therefore not  evaluated.  
 

•Isoflurane induces a easily controlled surgical plane of anesthesia in both 
mouse strains 
•Isoflurane provided a statistically significant shorter induction and recovery 
rate compared to ketamine-xylazine-acepromazine (Fig 6 and 7) 
•If injectable protocols are desired, 150/20/3 mg/kg KXA produces a surgical 
plane of anesthesia in both the C57BL/6 and BALB/c strains 
•Strain-specific differences in physiologic parameters and spinal reflexes were 
not observed between isoflurane and ketamine-xylazine-acepromazine 
anesthesia for the C57BL/6 and BALB/c strains of mice 

DISCUSSION 

The mouse is the most frequently used animal model for biomedical 
research. To meet research needs, a surgical plane of anesthesia is 
commonly induced, yet information is limited regarding strain specific 
variability in physiologic responses. Anesthetic protocol selection is often 
based on availability of equipment, invasiveness and duration of surgical 
manipulation, and comfort level of the investigator. Rarely is an anesthetic 
protocol selected based on the strain of the mouse used, yet published 
reports indicate strain specific differences such as alveolar anesthetic 
concentration, blood pressure, and heart rate. The purpose of this study 
was to identify strain specific responses of mice subjected to differing 
anesthetic protocols with the aim of providing guidance in selecting the 
most appropriate anesthetic protocol and reduce the overall number of 
animals by decreasing mortality due to anesthetic complications. C57BL/6 
and BALB/c mice (n=10 for each anesthetic protocol) were induced to a 
surgical plane of anesthesia using three protocols: inhalant isoflurane 
(ISO), injectable ketamine-xylazine (KX), and injectable ketamine-xylazine-
acepromazine (KXA). Depth of anesthetic plane and respiratory rate were 
monitored at ten minute intervals. An electrocardiogram was obtained on a 
subset of animals. Complete blood counts and chemistry panels were 
analyzed at baseline and post-anesthesia. Strain-specific differences in 
physiologic parameters and spinal reflexes were not observed between 
C57BL/6 and BALB/C strains. Inhalant isoflurane provided an easily 
controlled surgical plane for both strains and a statistically significant 
shorter induction and recovery rate when compared to KXA and KX. If an 
injectable protocol is desired, a dose of 150/20/3 mg/kg KXA effectively 
produced a surgical plane of anesthesia in both strains. We were unable to 
determine a dose of KX that consistently provided 20 minutes of surgical 
anesthesia without significant mortality. While significant differences existed 
between anesthetic protocols, more sensitive monitoring equipment may be 
required to reveal differences amongst strains.  

ABSTRACT 

Figure 1. Anesthetic 
monitoring and thermal 
support of mice undergoing 
injectable anesthesia. 

Two-tailed t tests were performed to look for statistical  significance between mouse strains as well as between anesthetic protocols 
Strain Analysis 
•No significant differences regarding induction rate, duration of surgical  anesthesia, and recovery time between strains    
•No strain specific differences on ECG recordings or evaluation of blood parameters  
Anesthetic Protocol Analysis 
•Heart rate and respiratory rate decreased  under all protocols as a deep plane of anesthesia was achieved   
•Statistically significant differences noted between the inhalant and ketamine-xylazine-acepromazine anesthetic protocols 
•Induction period and recovery time were significantly less for isoflurane as compared to the ketamine-xylazine-acepromazine  
Bloodwork Analysis 
•No significant changes were attributed to the anesthetic events  
ECG Analysis 
•No abnormal cardiac rhythms were observed under isoflurane  

RESULTS 

Figure 3. Pedal withdrawal reflex. 
Lock placed on the hemostat to 
minimizing potential trauma. 

INTRODUCTION 

MATERIALS AND METHODS 

STUDY DESIGN 
• Mice undergoing multiple anesthetic protocols were 

allowed a one week wash out period between 
anesthetic events 

• All events occurred between 8 AM and 12 PM 
• Induction of isoflurane accomplished using a modified 

plastic container after which mice were maintained on 
a breathing tube (Fig 2) 

• Injectable anesthetics were administered via 
intraperitoneal route at a volume of < 0.25 ml 

• All animals received thermal support during and after 
anesthetic events (Fig 1) 

• Respiratory rate and pedal withdrawal reflex were 
monitored every 10 minutes 

• Biopac MP150 Data Acquisition Unit (Biopac Systems, 
Inc., Santa Barbara, CA) used to obtain ECG 
recordings 

• Absence of pedal withdrawal reflex indicated a surgical 
plane (Fig 3) 

ANESTHETIC GOAL 
• Maintain loss of deep pain for 20 minutes and 

recover from anesthesia 

ANESTHETIC PROTOCOLS 
Isoflurane 
• Induction rate: 5% 
• Maintenance: 1.5-2 % 
• Oxygen: 1 L/min 
Ketamine-Xylazine-Acepromazine 
• 150 mg/kg ketamine 
• 20 mg/kg xylazine 
• 3 mg/kg acepromazine 
• 10 minutes post-injection, 

presence of pedal withdrawal 
reflex warranted injection of 
50-100 mg/kg ketamine IP 

Ketamine-Xylazine 
• 150 mg/kg ketamine 
• 12.5 mg/kg xylazine 
• 10 minutes post-injection, 

presence of pedal withdrawal 
reflex warranted injection of 
100 mg/kg ketamine IP 

Figure 2. Inhalant anesthesia 
equipment. 
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Figure 4. 
Submandibular 
blood collection. 
 

BALB/c and C57BL/6 mice were obtained from Harlan and housed in microisolator cages containing ¼ inch corncob bedding and a cotton 
nestlet under 12:12h light:dark cycle in accordance with “The Guide for the Care and Use of Laboratory Animals” and  experimental use 
approved by the Institutional Animal Care and Use Committee. Animals were provided Teklad 7912 and filtered city water treated with UV 
light ad libitum. 

Mice are the most frequently used animal model. The need for 
reliable anesthesia is commonplace. Choice of anesthetic protocol 
may be multifactorial and based on availability of equipment, 
invasiveness and duration of surgical manipulation, and comfort 
level of the investigator. The goal of our study was to identify strain 
specific responses of mice subjected to differing anesthetic protocols 
with the aim of providing guidance in selecting the most appropriate 
anesthetic protocol and reduce the overall number of animals by 
decreasing mortality due to anesthetic complications. 

RESULTS 
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MENTION N PER GROUP IN METHODSISO was turned off and  injectable-induced anesthesia was reversed with 2.1 mg/kg yohimbine after maintaining a surgical plane for 20 minutes.  Following the return of the righting reflex animals were placed in a recovery cage for continued monitoring.ISO:   isoflurane inhalant anesthesia -   Induction rate: 5%, Maintenance: 1.5-2 %,   Oxygen: 1 L/min�KXA:  150 mg/kg ketamine + 20 mg/kg xylazine + 3 mg/kg acepromazine (KXA) was administered  intraperitoneal (IP) at a volume of 0.25 ml.   When needed, animals were redosed with an additional IP injection of 50-100 mg/kg ketamine �KX: 150 mg/kg ketamine + 12.5 mg/kg xylazine was administered IP at a volume of 0.2 ml. When needed, animals were redosed with an additional IP injection of  100 mg/kg ketamine.
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• No significant differences for average tumor number or burden are found between OVX and Sham treatment 
groups. However, regardless of ovary status, estrogen significantly increased tumor burden compared to 
vehicle.  

• 31% of tumors treated with estrogen are malignant compared to 17% malignancy in vehicle treated groups. 
• Overall myeloperoxidase levels are lower in mice exposed to UVB radiation and significantly lower in mice 

treated with estrogen.  
• Levels of prostaglandin E2 are slightly higher in mice exposed to UVB radiation however there is no difference 

between treatment groups.  

• While the number of tumors are similar among groups, mice treated with estrogen developed larger tumors. Levels of endogenous estrogen may play 
a role in tumor development as sham mice (pre-menopausal model) had the highest tumor burden. Tumor grade correlates with tumor burden. 

• Myeloperoxidase levels appeared to decrease with topical estrogen treatments as estrogen acts as an anti-inflammatory agent. Recent studies show 
that estrogen’s carcinogenic properties may be due to its inhibition of nuclear excision repair in damaged DNA.  

• PGE2, an inflammatory product in the COX2 cascade,  has been shown to up-regulate the expression of aromatase which in turn up-regulates the 
amount of estrogen produced. While there is slightly higher amounts of PGE2 in UVB irradiated murine skin, endogenous and exogenous estrogen 
does not increase levels of PGE2.  

CONCLUSIONS 

RESULTS 

Cutaneous neoplasms, both nonmelanoma skin cancer (NMSC) and melanoma, due to 
ultraviolet light exposure account for nearly one half of all cancers in the United States 
with increasing incidence in females less than 40. Topical estrogen is now the number 
one prescribed form of estrogen for hormone replacement therapy (HRT) and numerous 
papers advocate the use of topical estrogen for its cosmetic benefits to the skin. 
However, estrogen based HRT has been linked as a significant risk factor for uterine, 
ovarian and breast cancer. The effects of topical estrogen applied to sun exposed areas 
for a period of time on the development of skin cancer has not been studied extensively.  
 
Previous preliminary studies using intact female Skh-1 mice found a significant increase 
in the number of skin tumors in mice treated topically with estrogen following UVB 
exposure compared to mice treated with vehicle control suggesting that increased levels 
of estrogen in the skin combined with UV exposure may act to enhance initiation and 
promotion of UV-induced skin cancers.  
 

BACKGROUND 

MATERIALS AND METHODS 

1. Determination of Tissue Myeloperoxidase (MPO) Activity in UV Exposed 
Skin: Myeloperoxidase levels were determined quantitatively in 
disaggregated tissue using a biochemical assay. This assay determined 
the amount of neutrophil infiltration and activation, an indicator of 
inflammation, in skin samples following chronic exposure to ultraviolet 
light with or without topical treatments. 
 

2. EIA quantitation of tissue levels of Prostaglandin E2: To evaluate the 
effects of the treatments on epidermal COX-2 activation, PGE2 levels in 
homogenized skin collected from treated mice were determined using 
the Cayman Chemical™ Prostaglandin E2 EIA system.  
 

3. Tumor Grading: H&E-stained tissue sections of tumors isolated from 
UVB irradiated mice will be graded in a blinded manner by a board 
certified veterinary pathologist. Grades will be assigned as follows: 
hyperplasia, papilloma (Grades 1-3), microinvasive squamous cell 
carcinoma (Grades 1-3), fully invasive squamous cell carcinoma, and 
spindle cell tumors. Hyperplasia and all grades of papilloma will be 
considered benign, while squamous cell carcinoma, all grades of micro-
invasive squamous cell carcinoma and spindle cell tumors will be 
considered malignant. Examples of these tumor grades are shown in 
Figures 1-3. 

FUTURE DIRECTIONS 
• Increase sample size.  
• Extend UVB radiation duration to 15 weeks to increase the initial tumor size.  
• Study the effects of estrogen on DNA repair induced by UVB radiation: 

• P53 (marker of global genome repair) 
• Cyclobutane pyrimidine dimers (measure of DNA damage) 
• 8-oxo-deoxyguanosine (measure of DNA damage induced from oxidative stress) 

PAP1 PAP2 PAP3 

MiSCC1 MiSCC2 MiSCC3 SCC 

Topical or systemic estrogen and its effects on the skin have been studied in post-
menopausal women but data is lacking concerning usage of topical estrogenic 
compounds by younger, pre-menopausal women . It is hypothesized that topical 
estrogen application to previously UVB exposed skin accelerates skin carcinogenesis. 
The specifics aims of this study are to determine the effects of topical estrogen on 
Ultraviolet light-B (UVB) induced skin tumor development and progression using Skh-1 
hairless mice.  Seventy female mice were divided into two groups and one group was 
irradiated three times weekly with 2240J/m2 for 10 weeks to model human UVB 
exposure from childhood through early adulthood.  Mice then received either 
ovariectomy (post- menopausal) or sham surgery (pre-menopausal) and were treated 
topically with 10nmol 17β-estradiol or vehicle control three times weekly for 15 weeks 
with no further UVB irradiation.  Tumor numbers and size were measured weekly during 
the 15 week treatment period. Neither unirradiated mice receiving topical estrogen or 
vehicle control developed tumors during the course of the study. Topical treatment with 
estrogen following 10 weeks of UVB exposure in intact mice induced an increased 
tumor burden compared to UVB exposed mice receiving vehicle control. 
Ovariectomized mice had increased tumor burden regardless of topical treatments 
when compared to UV exposed intact mice. Studies are ongoing to determine potential 
mechanisms behind these observations. These data indicate that the application of 
exogenous estrogen to previously UVB exposed skin can potentially initiate an increase 
skin tumor development in premenopausal women.  These findings have negative 
implications for the use of lotions and creams containing estrogenic compounds on sun 
exposed sites by young women. 
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TISSUE ANALYSIS 

Figure 2. Murine skin, microinvasive squamous cell carcinoma, grades 1-3 Figure 3. Murine skin, 
squamous cell carcinoma 

Figure 1. Murine skin, Papilloma grades 1-3 

Topical treatments were applied 3x a week and tumors were measured weekly 
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ABSTRACT 
Therapeutic and experimental use of antibiotics in rabbits can 
be challenging due to the sensitivity of essential 
microorganisms in the cecum required for breakdown of 
indigestible fiber.  Any disruption of the normal intestinal flora 
can potentially lead to fatal microbial dysbiosis.  Significant 
gastrointestinal (GI) distress, indicated by varying degrees of 
diarrhea, was observed in a New Zealand White rabbit model of 
osteomyelitis following antibiotic administration.  Per standard 
operating procedures, rabbits were singly housed and provided 
water with an automatic watering system.  Rabbits received a 
pelleted diet, supplemental hay, and dietary enrichment. Pain 
management for osteomyelitis was provided via opioid 
analgesia, which may have contributed to some inappetence.  
In order to maintain normal GI flora and prevent diarrhea, 
prophylactic treatment included nutritional supplements such as 
probiotic oral gel mixed with flavored greek yogurt, acidophilus 
tablets, and commercial critical care diet.   Presentation of the 
supplements ranged from free choice to syringe-feeding 
depending on the degree of weight loss.  Initiating prophylactic 
treatment of probiotics resulted in a significant decrease in the 
incidence of diarrhea over five trials. However, the frequency 
and severity of diarrhea was greatly dependent on the antibiotic 
used in each trial.  In order to provide a consistent assessment 
of lameness, food intake, fecal output and consistency, visual 
guides were created and used as training tools for the research 
staff.  Over time, we developed a successful method in which to 
manage the colony using nutritional support and probiotics to 
maintain healthy microorganisms in the intestinal tract as well 
as a clear, consistent  assessment of clinical signs.  In 
conclusion, rabbits can maintain normal GI function with 
antibiotic administration when probiotics in a palatable form are 
made available.   

To evaluate the efficacy of a myriad of antibiotics on a mixed 
bacterial infection in bone, a rabbit osteomyletis model was 
used. Rabbits were inoculated in the intarmedullary cavity of 
the left tibia with a mixture of four different bacteria. At two 
weeks post-infection, osteomyelitis was confirmed via 
radiography and rabbits were then assigned to different 
antibiotic treatment groups. All antibiotics were administered 
subcutaneously but dose and frequency of administration 
varied between groups. The duration of most antibiotic 
treatment protocols was 28 days. Tibial radiographs were 
acquired once antibiotic therapy ceased and then again two 
weeks later at the study endpoint.  

Management of a Rabbit Model of Osteomyelitis using Probiotics and Tracking 
Measurements to Maintain Normal Gastrointestinal Function  

 
EJ Gerding1, CL Freed1, JH Calhoun2, L Yin2, SD Lewis1 

1University Laboratory Animal Resources, The Ohio State University, Columbus, OH  2Orthopaedic Surgery, The Ohio State University 
Medical Center, Columbus, OH 
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Administration of certain antibiotics may 
suppress normal gastrointesitnal flora, 
allowing pathogens to proliferate. 
Clindamycin, lincomycin, penicillin, 
ampicillin, amoxicillin, amoxicillin-
clavulanic acid, cephalosporins, and 
erythromycin have all been documented 
to produce this effect in in rabbits. 
Administration of specific antibiotics in 
rabbits can result in diarrhea, fatal colitis 
and enterotoxemia-associated 
overgrowth of Clostridium difficile. As 
novel and/or sub-optimal antibiotics were 
being used in rabbits in the experimental 
treatment of osteomyelitis, the goal was 
to prevent enteritis and colitis secondary 
to antibiotic administration.  
Probiotics are thought to beneficially  
improve intestinal microbial balance, 
thus inhibiting pathogens and toxin 
producing bacteria. Probiotic treatment 
has also been shown to reduce the 
incidence and severity of antibiotic-
associated diarrhea and improve stool 
consistency during antibiotic therapy as 
indicated in several meta-analyses. 
Potential efficacy of probiotic antibiotic-
associated diarrhea prevention is 
dependent on the probiotic strain(s) 
used and on the dosage. Up to a 50% 
reduction of antibiotic-associated 
diarrhea occurrence has been found in 
preliminary studies. However, further 
research is required to confirm specific 
effects.  

DISCUSSION 

INTRODUCTION 

In addition to the standard pelleted diet and 
daily timothy hay, a week prior to the 
beginning of the study all rabbits were 
provided: 

•Flavored active culture yogurt mixed with 
commercial probiotic supplement  
• Flavored acidophilus or live culture 
yogurt treats  

This allowed the rabbits to acclimate to the 
novel foods while promoting robust 
gastrointestinal flora prior to the study.  
 
Additionally, a 2-3 inch strip of medical tape 
was placed on the inner pinna to acclimate 
the rabbits to opiod patch placement during 
the study. Lameness was scored by the 
following: 
•N (None): Rabbit shows no signs of 
discomfort and bears weight evenly  
•WB (Weight bearing): Rabbit favors one 
leg, toe-touching lame 
•NWB (Non-weight bearing): Rabbit is 
unwilling to bear weight on limb 
Detailed instructions on what actions were 
needed based on observations accompanied 
the visual guide and record.  

P-Poor  
(Little to no food 

consumed) 
H-Half   

(Half remaining) 

F-Fair  
(Small amount 

remaining) 

G-Good  
(Everything eaten) 

Acidophilus tablet: P(Poor), 
H(Half), G(Good) 

Feces: N(Normal), S(Soft), D(Diarrhea), O(None), SA(Small 
amount) 

MEDICAL 
MANAGEMENT 

To address potential complications 
associated with the rabbit osteomyelitis 
model, a management plan was 
implemented for research and veterinary 
staff.  Primary veterinary concerns regarding 
the model included pain management 
associated with the tibial bone marrow 
bacterial inoculation and resultant 
osteomyeleitis, as well as antibiotic-
associated gastrointestinal dysbiosis. A daily 
observation record (Figure 1.) was created 
to evaluate appetite, consumption of 
probiotics, fecal output and lameness. A 
detailed visual guide (Figure 2.) was created 
to accompany the observation record to 
ensure that daily observations were 
consistent.  

RESULTS 
Since implementation of the medical 
management plan, multiple studies have 
been performed with various antibiotics. 
To date, the frequency and severity of 
diarrhea has decreased and there have 
been no mortalities attributed to: 

•Diarrhea  
•Colitis 
•Enterotoxemia 

Figure 1. 

Figure 2. 

Uneaten acidophilus tablets 
circled 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 Processing and Treatment of Corncob Bedding Impacts Cage Changeout 

Frequency for C57BL/6 Mice  
 DA Domer, RL Erickson, JM Petty, VK Bergdall, JM Hickman-Davis  

University Laboratory Animal Resources, The Ohio State University  
 

 
• C57BL/6J female mice were housed according to the 

institutional standard using the Lab Products Micro-Isolator 
caging system. 

• For the purposes of sampling ammonia levels with minimal 
disruption of the microenvironment, a 1/4’’ hole (approximate 
diameter of gas detector tubes) was drilled into the side of each 
cage (Figure 3).  The holes were covered with autoclave tape 
between samplings. 

• Room temperature, humidity, light, and airflow (if applicable) 
were recorded daily throughout each study. 
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Figure 1.  Urea hydrolysis: Urease is 
produced by mouse enteric bacteria 
and microbes present in bedding 
prior to use. 

Figure 2 

Figure 3.  Micro-Isolator cage 
with sampling hole. 

Figure 4.  pHydrion 
Ammonia Test Paper. 

Figure 5.  Matheson-
Kitagawa Toxic Gas 
Detector pump and tube. 

RESULTS 

•Ammonia levels of 25 ppm have been determined by OSHA to be 
the human 8-hour exposure limit.  This level is considered the “gold 
standard” for cage changeout frequency. 

•Standard cage changeout frequencies at OSU are twice weekly for 
static mouse cages and every two weeks for ventilated cages. 

•Previous studies have indicated that cage changing is stressful to 
mice and can cause disruption of scent cues in the 
microenvironment, increased corticosterone levels, and decreased 
ease of handling. 

•PureLite™ is a proprietary method of processing corncob bedding, 
and it has been shown to have significantly less bacteria, yeast, and 
mold than standard corncob bedding (Figure 2). 

• The cost of PureLite™ is approximately 83% greater than traditional 
corncob bedding. 

 

Ammonia Measurement 
• Ammonia levels were measured daily using pHydrion Ammonia 
Test Paper (Figure 4).  When the test paper indicated levels ≥ 5 
ppm, the cages were then measured daily with the Matheson-
Kitagawa Toxic Gas Detector pump and ammonia detector tubes 
(Figure 5), giving a more objective and precise measurement. 

• Ammonia test paper was used for initial measurements as a cost-
containment measure.  One sample using test paper costs $0.10 
compared to $6.00 per sample using gas detector tubes. 

• When ammonia levels reached 25 ppm, the cage was changed 
and the number of days was documented.  Bedding was collected 
for bacterial quantification and speciation. 

• The study was ended and all cages changed after 48 days, 
although several cages still remained below the 25 ppm threshold.  
This was done primarily because of deteriorating cage conditions. 

• Any wet or flooded cages were immediately changed and 
removed from the study. 

Bacterial Quantification 
• Bedding samples (5 g) were cultured and incubated in brain heart infusion broth for 24 h 
before serial dilution and plating on trypticase soy agar plates. 

Study Design 
• Two studies were performed, housing mice in static and ventilated cages.  In each housing 
condition, mice were housed 5 per cage with 5 cages in each of four groups, repeated once: 
corncob, autoclaved corncob, PureLite™, and autoclaved PureLite™.  Intracage ammonia 
concentrations were measured, and bedding collected for bacterial quantification. 

• A third study quantified bacterial content of unused bedding: 
• Corncob 1/4”, Corncob 1/8”, PureLite 1/4”, PureLite 1/8”. 

 

Hypothesis 
•Cages with PureLite™ bedding will begin with a decreased initial intracage bacterial load, leading 

to a delay in the increase of ammonia concentration.  This would increase the interval required for 
cage changeout and sanitation. 

•Reduction in cage changeout frequency could result in decreased animal stress from cage 
changing; increased efficiency of animal husbandry; and decreased exposure of human caretakers 
to allergens, infectious agents, and rodent pathogens. 

 

•Cage changeout frequency in laboratory mice can impact the microenvironment and well-being of 
the animals, the health of the human caretakers, and the operational costs of husbandry. 

•Cage changeout frequency is dictated by intracage ammonia levels.  Ammonia gas is released 
from urea by urease, which is produced by fecal bacteria and bacteria present in bedding before 
use (Figure 1).  Urease activity increases with the size of the microbial population. 

 

Statistical Analysis 
• Data from all bedding conditions were analyzed using ANOVA for overall significant differences 

followed by unpaired t-tests to evaluate pairwise differences between bedding conditions. 

• Ammonia and bacterial quantification results from the two static cage trials did not differ 
significantly for any treatment group, so the data from both trials were combined for the 
purpose of statistical analysis.  Similarly, the data from ventilated cages were also combined. 

Figure 6.  Static cages present 
reported as percentage per day. 

Figure 7.  Ventilated cages present 
reported as percentage per day. 

Figure 8. Ventilated cages.  Average 
time to measure 25+ ppm ammonia. 

Study 1: Static Cages 
• Measured 25 ppm ammonia in approximately five to 

six days, with no significant difference between 
groups. 

• Although no differences were noted between bacterial 
content of bedding groups, autoclaved PureLite™ 
(9.36 ± 0.14 log CFU/g) contained 159% more 
bacteria than autoclaved corncob (8.97 ± 0.16 log 
CFU/g, P = 0.0871). Autoclaved corncob (8.97 ± 0.16 
log CFU/g) contained 61.5% less bacteria than 
autoclaved PureLite™ (9.36 ± 0.14 log CFU/g, P = 
0.0871, data not shown). 

Study 2: Ventilated Cages  
• Cages with PureLite™ (43.63 ± 2.54 days) and 

autoclaved corncob (40.56 ± 4.66 days) took twice as 
long for ammonia levels to reach 25 ppm as compared 
to autoclaved PureLite™ (24.00 ± 5.31 days) or 
corncob bedding (24.56 ± 4.91 days). (Figure 8) 

• Autoclaved PureLite™ (9.50 ± 0.00 log CFU/g) 
contained significantly more bacteria than 
nonautoclaved PureLite™ (8.27 ± 0.07 log CFU/g, P < 
0.001), and 512% more than autoclaved corncob (8.57 
± 0.23 log CFU/g, P = 0.0534, data not shown). 

Study 3: Bedding Culture without Mice 
• PureLite™ 1/4” contained significantly less bacteria 

than all other nonautoclaved bedding groups.  
• Conversely, corncob 1/8” contained significantly more 

bacteria than all other bedding groups. (Figure 9)  Figure 9. Bacterial content of 
nonautoclaved, unused bedding. 

• The pattern of results differed between static and ventilated cages.  In ventilated cages, PureLite™ 
was at least as effective as autoclaved corncob in controlling ammonia concentration. 

• In populated cages, the bacterial content of autoclaved PureLite™ was greater than that of 
nonautoclaved PureLite™.  The PureLite™ Process is proprietary, but Generally Regarded As 
Safe.  If any residue is produced, it could play a role in these differences. 

• The PureLite™ process effectively decreased the initial bacterial content in corncob bedding.  The 
1/4” bedding contained more bacteria than 1/8” bedding, possibly due to increased surface area. 

• The first ventilated cage with PureLite™ to measure 25+ ppm ammonia occurred on day 28, and 
the group average was 43 days.  These data indicate the change interval for ventilated cages with 
PureLite™ could be justifiably extended to at least three weeks. 

• Cost analysis was performed for an Ohio State University rodent facility.  The decreased need for 
autoclaving and prolonged cage change interval would offset the increased PureLite™ price. 
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