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Sprague–Dawley rats are often used in surgical procedures 
for biomedical research and training. The Guide for the Care and 
Use of Laboratory Animals20 requires the use of aseptic technique 
when performing survival surgery on any species. One purpose 
of aseptic technique is to reduce or eliminate the bacterial load 
on the animal prior to the start of surgery to prevent the intro-
duction of bacteria into the sterile surface below the skin.2,30,42 
Insufficient or inappropriate skin preparation may result in sur-
gical site infections (SSI). SSI can delay or compromise wound 
healing.1,34 Aseptic technique requires the preparation of the 
surgical site on the animal by removing the hair such that skin 
damage, abrasions or other dermal injuries are avoided, fol-
lowed by cleaning the skin with topical antiseptic compound.6,30

Traditionally, hair is removed from surgical sites because it 
harbors bacteria and prevents thorough cleansing of the inci-
sion site. Hair removal also facilitates visibility of the surgery 
site and removes a potential foreign-body that may result in 
SSI.10,22,43 The 3 most common hair removal methods are shav-
ing with a razor, clipping the hair with an electric razor, and 
using a depilatory agent. In human patients, recommendations 
are that the hair not be removed unless visualization is needed 
or the hair would interfere with the surgical site or postsurgi-
cal bandaging.5,43 If hair removal is necessary for humans, the 
recommendation is to use either clippers or a depilatory agent. 
Using a razor has been shown to traumatize the skin, resulting in 
higher rates of SSI.22,28,35,36 Some research studies indicate that a 
depilatory agent is a better method, as it is efficient, atraumatic, 
and safe to use on or around wounds. However, it can cause a 
transitory lymphocytic reaction, and some individuals may have 

a sensitivity reaction.1,17,22,24 In mice, hair removal with either 
clipping or depilatory agent resulted in acceptable healing.25 
In Wistar rats, the use of a depilatory agent did not affect the 
healing of a dorsal flap.3 Despite these findings, no studies have 
compared the effects of clipping and a depilatory agent on the 
prevalence of SSI and on wound healing in rats.

Our facility's standard practice is to remove hair with clip-
pers using a no. 40 blade. However, this approach leaves a short 
stubble of approximately 1 mm.22 For surgical procedures that 
require a smooth skin, using a depilatory agent appears rea-
sonable; however, little information is available on the effects 
of a depilatory agent on rat skin, SSI, and wound healing. We 
hypothesize that using a depilatory agent as a hair removal 
method in rats will reduce bacterial counts, dermal trauma, 
and SSI as compared with using clippers.

Materials and Methods
Animals. All procedures were approved by the Uniformed 

Services University IACUC and were performed in accordance 
with the Animal Welfare Regulations4 and the Guide for the Care 
and Use of Laboratory Animals.20 Uniformed Services University 
vivarium is an AAALAC International accredited facility. All 
rats were included in a routine health surveillance program and 
were negative for all pathogens that were excluded from the rat 
colony in the facility: rat parvoviruses (RPV, KRV, H-1, RMV, and 
NS-1), rat theilovirus, sialodacryoadenitis virus, Pneumocystis 
carinii, Sendai virus, reovirus, lymphocytic choriomeningitis 
virus, cilia-associated respiratory bacillus, pneumonia virus 
of mice, Mycoplasma pulmonis, adenovirus (MAV), Salmonella, 
Helicobacter, Giardia, Pasteurella, Streptococcus, pinworms, Spiro-
nucleus, and fur mites.

Male Sprague–Dawley rats (Rattus norvegicus) (n = 33), with 
ages ranging from 4.5 mo up to 23 mo and a weight range from 
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488 g to 955 g. The rats were transferred from another IACUC 
approved protocol in which they had not participated in any 
experimental procedures. They were then assigned to 1 of 2 
experimental groups: clipping (Arco, Wahl Clipper, Sterling, IL) 
or depilatory agent (Nair Hair Removal Lotion Softening Baby 
Oil, Ewing, NJ). Half of each of these 2 experimental groups 
were then assigned to be used in either the first or second cohort 
of the experiment. Rats were pair-housed until the initial sur-
gery date and then individually housed for the duration of the 
study. Housing consisted of a static polycarbonate shoebox-type 
cage with a filter top (Allentown, Allentown, NJ) and rodent 
hardwood bedding (catalog number 7090M, Laboratory-Grade 
Teklad Maple SaniChips, Harlan Teklad, Madison, WI). After 
the surgery, the bedding was switched to Shepard Specialty 
Paper (catalog no. SHE1009, Alpha-dri, Watertown, TN). While 
housed on the Shepard Specialty Paper, cage changes occurred 
twice weekly. Enrichment was provided daily in the form Fat Rat 
Huts (high-temperature polycarbonate, Bio-Serv, Flemington, 
NJ), nylabones (pure virgin nylon, Bio-Serv, Flemington, NJ) and 
cotton squares (iso-PAD: The Ultra Enrichment Media, Omni 
BioResources, Cherry Hill, NJ). The rats were fed a pelleted ro-
dent food (Envigo Teklad Global 18% protein T2018.15 Rodent 
Diet) and filtered domestic water ad libitum. The room was kept 
on a 12:12-h light:dark cycle (lights on, 0600; lights off, 1800) 
with temperature maintained between 68 °F and 79 °F (20 °C 
to 26 °C). The relative humidity was maintained at 30% to 70%.

Anesthetic Procedure. Our initial plan was to use injectable 
anesthetics. However, rats anesthetized with an intraperitoneal 
injection of ketamine hydrochloride (75 mg/kg; Ketathesia, 
Henry Schein, Dublin, OH) and xylazine (7.5 mg/kg; AnaSed 
Injection, AKORN Animal Health, Lake Forest, IL) on Days 
0 and 1 of the study had prolonged recovery, with a few rats 
requiring supplemental oxygen and many needing reversal 
with atipamezole hydrochloride (0.5 mg/kg subcutaneously; 
Antisedan, Zoetis, Orion Corporation, Espoo, Finland) to assist 
in the recovery. The next day these rats were still very sedated, 
perhaps due to their age, and yet they required anesthesia 
for experimental use on that day. We decided that switching 
to inhalational anesthesia as safer for the rats. Therefore, all 
subsequent anesthetic events were conducted using inhaled 
isoflurane (Isothesia, Henry Schein, Dublin, OH) administered 
with a vaporizer. For the inhaled anesthesia, induction was 
performed using 5% isoflurane with 100% oxygen. Once loss of 
pedal reflex occurred, the rats were maintained via a nose cone 
at between 1% to 3% isoflurane at an appropriate anesthetic 
depth, as monitored with toe pinch and respiratory rate. Full 
recovery occurred as expected. All rats received thermal support 
during anesthesia (HotDog Patient Warming, Eden Prairie, MN). 

Skin Preparation. After confirmation of appropriate anesthetic 
depth, hair was removed using 1 of 2 methods (clipping or 
depilatory agent) from the thoracolumbar region in an approxi-
mately 3 in. by 2 in. rectangular shape. For the clipping method, 
the clippers were disinfected (Oster Professional Products, 
Spray Disinfectant, no.76300 to 102 part 110969, McMinnville, 
TN) before and after each use. The blade was placed parallel 
to the skin and advanced in the direction of the hair growth. A 
second pass clipping against the hair growth was performed to 
ensure a close clip. The area was wiped down with sterile water 
(Sterile 0.9% Normal Saline, USP, 100 mL, Mundelein, IL) and 
gauze to remove any loose hair. For the depilatory method, a 
gloved hand or tongue depressor was used to part the hair and 
expose the base of the hair shaft so that the product could be 
applied at the base of the hair shaft. Then, in a circular motion 
that moved the hair shaft from the direction of growth to away 

from the direction of growth, the depilatory agent was applied 
until the entire selected area was covered. The depilatory agent 
remained on the skin for 3 min, at which time a test section was 
gently cleared with a gauze covered gloved finger or tongue 
depressor. If the hair came off easily, the rest of the depilatory 
agent was removed. If not, the depilatory agent was reapplied 
in that section and another test was conducted 2 min later. All 
depilatory agent was removed no more than 10 min after the first 
application. Once removed, the area was generously cleansed 
with sterile water and gauze to ensure complete removal of the 
depilatory agent.

Bacterial Sampling, Culture, and Identification. Bacterial sam-
ples were taken to determine the antimicrobial activity of each 
of the hair removal methods on the skin. On Day 0, samples 
were collected at 2 time points: once the skin had dried after 
the hair removal, and after the skin was aseptically prepped. 
On Days 1 and 3, the samples were collected prior to the skin 
being aseptically prepped for that day’s biopsy. Samples were 
collected by defining a 1 × 1 in. area within the region from 
which the hair had been removed. Starting in the center of the 
area and rolling the swab (BD BBL Culture Swab Plus, Item 
220118, Copan Italia, Brescia, Italy), it was moved in a spiraling 
outward motion toward the outer edges, so as to not to exceed 
the defined 1 × 1 in. area.

The samples were submitted to IDEXX BioAnalytics for 
aerobic culture, bacterial identification, and colony counts. 
An aliquot of approximately 1 mL of the BD Eswabs (BD Cat# 
220245) transport medium was vortexed, and a sterile calibrated 
10 µL loop (Fisherbrand 220363 to 600) was used to inoculate 10 
µL of the liquid onto BBL Trypticase Soy Agar with 5% sheep 
blood (TSA II; Becton Dickinson). Sample plates were incubated 
at 35 °C (95 °F) and 7% CO2 for 48 h. Colonies of each colony 
type were counted up to 350 CFU/10 µL; counts greater than 
350 were reported simply as “greater than 350 CFU/10 µL”. The 
counts were then binned into 4 categories: None = 0; Low =1 to 
49; Medium = 50 to 200 and High = greater than 200. Identifica-
tion of the bacteria was conducted as previously reported.29

Surgical Technique. All rats were maintained on a surgical 
plane of anesthesia as described above. For each anesthetic 
event, rats received subcutaneous fluids at 100 mL/kg/day after 
anesthesia to maintain hydration. The experimental procedures 
were performed in two equivalent cohorts. The first cohort 
received Buprenorphine-Sustained Release (SR) Laboratory 
(ZooPharm Ve terinary Compounding Pharmacy, Laramie, 
WY) subcutaneously at 1.0 mg/kg on Day 0. Rats also received 
Meloxicam-SR (ZooPharm Veterinary Compounding Pharmacy, 
Laramie, WY) subcutaneously at 4.0 mg/kg for 3 d alternated 
with acetaminophen (Children’s Mapap Acetaminophen Liquid 
(160 mg/5 mL), Major Pharmaceuticals, Livonia, MI) in 2 oz 
gel cups (MediGel Sucralose, Clear H2O, Portland, ME) for 24 
h administered as previously described.31

The surgical technique consisted of taking biopsies. The skin 
was aseptically prepped with BD ChloraPrep One-Step (2% 
s/v Chlorhexidine gluconate and 70% v/v Isopropyl alcohol, 
Becton, Dickinson and Company, El Paso, TX) according to 
product directions. The surgeon prepped aseptically, with 
hairnet, face mask, and sterile surgical gloves. A sterile drape 
was placed over the rat. On Day 0, 4 full-thickness skin punch 
biopsies, identified as sites A, B, C, and D, were taken from the 
hairless region of each rat (clipped or depilated) with an 8 mm 
biopsy punch (Robbin Instruments, Chatham, NJ). The punch 
biopsies were taken at the outside corners of the 1 inch × 1 in. 
area defined for the bacterial sampling. Hemostasis was man-
aged with sterile gauze. The open wounds were closed using 5-0 
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Monocryl RB-1 (Ethicon, Guaynabo, PR) in a simple interrupted 
pattern. After the initial 4 biopsies on each rat, another biopsy 
was performed at the same sites (sites A, B, C or D on days 1, 
3, 7, and 10, respectively) using a 10 mm biopsy punch (Robbin 
Instruments, Chatham, NJ). Prior to the biopsy, the target site 
was aseptically prepped with ChloraPrep Single Swabstick (2% 
s/v Chlorhexidine gluconate and 70% v/v Isopropyl alcohol, 
Becton, Dickinson and Company, El Paso, TX) according to 
product directions.

Histopathologic Evaluation. To microscopically examine the 
surgical sites for bacterial contamination and wound (biopsy) 
healing, the punch biopsies were collected into cassettes and 
placed in 10% neutral buffered formalin, routinely processed, 
paraffin-embedded, sectioned at 5µm, and stained with he-
matoxylin and eosin. The stained slides were evaluated by 
a veterinary pathologist who was blind to the hair removal 
method. Histopathology scoring was performed at both low-
power (magnification, 100×) and high power (magnification, 
200×) by using methods similar those previously published.26 
The assessed criteria were dermal inflammation, follicular 
changes, fibroplasia, and epidermal hyperplasia. Each criterion 
was assigned a score ranging from 0 (absent) to 3 (robust). The 
scores were summed for each sample to obtain a cumulative 
histopathology lesion score, with a maximum possible score of 
12. Images of stained slides were obtained at 200× magnification 
using a microscope (model BX41, Olympus) equipped with a 
digital camera (model DP22, Olympus) by using digital imag-
ing software (cellSens Standard, Olympus Life Science Imaging 
Software). Representative images are presented in Figure 1.

ASEPSIS Evaluation. The initial 4 biopsy sites were photo-
graphed (Canon EOS Rebel T1i) on Day 0, Day 1 and Day 3. 
On Day 0, the sites were photographed after all 4 punch biopsy 
sites were closed. This photograph was used as a baseline of 
the appearance of the incision immediately after closure. It was 
not evaluated as healing, and infection would not be evident at 
that early time point. Day 1 and Day 3 photographs were edited 
to select only for sites C and D for scoring using the ASEPSIS 
evaluation. All photographs were evaluated by 5 assessors who 
were blind to the hair removal group. Assessors used a modified-
ASEPSIS wound chart similar to that described previously.41 
Scores were assigned for 4 criteria: serous exudate, erythema, 
purulent exudate and separation of deep tissue. The scores were 
summed to arrive at a total wound score with a maximal possible 
score of 22. Total scores of 0 to 3 indicate satisfactory healing; 4 to 
6 indicated disturbed healing; 7 to 12 indicate mild to moderate 
infection; and scores greater than 13 indicated severe infection. 
The average ASEPSIS wound score for each treatment condition 
was calculated and used for the statistical analysis (Figure 2).

Statistical analysis. ASEPSIS wound scoring was evaluated 
among the 5 assessors using Kendall coefficient of concordance. 
Agreement was assessed for each day and each method. Using 
the median wound score from each animal, a linear mixed model 
for repeated measures assessed the main effects of day, hair re-
moval method, and the interaction of the 2. For histopathology, 
a similar mixed model approach was used. Model means for 
both ASEPSIS and histopathology scores are reported as age-
adjusted, given the significance of age in both models. Pairwise 
comparisons evaluating the interactions from both models were 
adjusted using the Sidak method. Bacterial load for each animal 
was categorized from 0 to 3, 0 representing no growth, and 3 
representing heavy growth. Associations between hair removal 
method and bacterial load grouping were assessed on each day 
using a χ2 test. Unless otherwise stated, Type I error is controlled 
at 5%, with all tests 2-sided. Analysis was conducted in SPSS 

statistics software (version 25, IBM North America, NY, NY). 
All continuous results are presented as mean ± SEM.

Results
Interassessor agreement regarding ASEPSIS wound score. The 

Kendall coefficient of concordance for the assessor’s ASEPSIS 
wound scores were 0.74 for Day 1 and 0.66 for Day 3 for the clip-
ping hair removal method, indicating moderate to substantial 
agreement. For the depilatory methods, concordance was 0.35 
on Day 1 and 0.39 on Day 3, weak to moderate agreement. In 
addition, assessor scores showed significant concurrence (P < 
0.001) for both clipping and the depilatory method Day 1 (P = 
0.04) and Day 3 (P = 0.02).

ASEPSIS Score. The ASEPSIS Day 1 mean score for the clip-
ping method was 2.1 ± 0.4, which significantly (P = 0.03) higher 
than the mean of the depilatory method (0.48 ± 0.54). The Day 3 
ASEPSIS mean scores between methods were not significantly 
different, although the Day 3 mean for the depilatory method 
(2.1 ± 0.5) was significantly (P = 0.01) higher than the Day 1 mean 
(0.48 ± 0.54). The clipping method had no significant change 
from Day 1 (2.1 ± 0.4) to Day 3 (2.5 ± 0.4) (Table 1).

Histopathology Evaluation. The clipping method score in-
creased at each time point from 1.5 ± 0.2 on Day 0 to reach the 
highest score of 8.7 ± 0.3 on Day 10. With the depilatory method, 
the highest score was on Day 3 (8.4 ± 0.2) and fell through Day 
10, but none of the differences were significant. No significant 
difference existed between the 2 methods on any day. The mean 
scores for each method had a significant (P < 0.001) increase on 
Days 1, 3, 7, and 10 as compared with Day 0.

Bacterial Assessment. The bacterial load across the 2 methods 
was statistically different only on Day 1, when the bacterial 
growth for the depilatory method was Low (67%, or 10 of 15 
samples) compared with the clipping method, which was None 
(83%, or 15 of 18 samples) (P = 0.002). Both methods remained 
in either the None or Low growth category, except for the 
depilatory method on Day 3 in which 13%, or 2 of 15 samples 
had Medium growth (Table 2). The bacteria isolated prior to 
the aseptic preparation step represent 8 genera: Aerococcus spp., 
Bacillus spp., Corynebacterium spp., Enterobacter spp., Enteroccocus 
spp., Klebsiella spp., Proteus spp., and Staphylococcus spp. (Table 3). 
The most frequent organisms were the Staphylococcus spp. at 
53% (30 out of 57) and Aerococcus spp. at 25% (14 out of 57). The 
other 6 genera ranged from 2% to 7% (1 to 4 out of 57) of the 
total bacteria found. After the antiseptic step, the only genera 
still present were the Staphylococcus spp. at 5% (3 of 57) and 
Aerococcus spp. at 2% (1 out of 57). All 4 isolates were found in 
the depilatory method.

Discussion
Guidance on rodent asepsis states that the hair should be 

removed, and the skin prepped with an antiseptic solution.6,30 
Recently, research on skin preparations for surgical procedures 
in mice investigated aseptic preparations and their impact on SSI 
and healing.12,18,25 The impact of hair removal method has not 
been assessed in rats. The goal of this study was to determine 
whether the hair removal method affected wound healing and 
the development of SSI. The results of this study demonstrate 
that either method of hair removal is appropriate, with no 
differential effect on the development of SSI and satisfactory 
healing by Day 10.

In humans, recommended practice is to not remove the 
hair. However, in rodents, hair removal is necessary to ensure 
visualization of the surgical site and is considered a mandatory 



216

Vol 60, No 2
Journal of the American Association for Laboratory Animal Science
March 2021

Figure 1. Dermal pathology on Days 0, 3, and 10. (A) Normal full thickness intact skin with the black arrows indicating normal hair follicles (40× 
magnification). (B) Day 0 Depilatory method with the arrow indicating a normal hair follicle with central hair shaft. The asterisks (*) indicate hair 
follicles that are moderately dilated with hair shaft fragments, flattened follicular epithelium, and compressed sebaceous glands (10× magnifica-
tion). (C) Day 0 Clipper method with the arrow indicating a markedly dilated hair follicle void of the hair shaft and a compressed sebaceous 
gland. The blue arrow indicates a moderately dilated hair follicle with no hair shaft (40× magnification). (D) Day 3 Clipper method shows mildly 
transmural thickened epidermis (blue line) and the arrow shows single cell necrosis (20× magnification). (E) Day 3 Depilatory method shows 
a moderate transmural thickened epidermis (blue line) with the arrow showing cellular bridging (edema). A thick mat of serocellular debris is 
seen covering the epidermis (20× magnification). (F) Day 3 Clipper method with the white arrows indicating a demarcation for a discontinuous 
epidermis; black astrick indicating inflammatory cellular infiltration covered by a mat of serocellular material (10× magnification). (G) Day 3 
Depilatory method with a large aggregate of inflammatory cells within the deep dermis marked by the oval; the black arrow indicates fibrosis 
(20× magnification). Image H: Day 10 Clipper method showing an area of organized fibrosis with fibroblasts stacked in a linear fashion subjacent 
to the epidermis (20× magnification).

component of asepsis.10,35 The 3 common methods of remov-
ing hair are a razor blade, an electric clipper and a depilatory 
agent. This study originally planned on assessing all 3 methods. 
However, 2 different single-blade razors, BIC Sensitive Shaver 
disposable and Gallant Disposable Prep Razor (Process-Con-
struction AB, Sweden), could not cut the rat hair such that a clear 
patch of skin was visible. We therefore only assessed clippers 
and depilatory agent.

Both clippers and the depilatory agent are effective methods 
of removing hair in rats. In contrast to a previous study17 in 
which the clipper caused widespread nicking and the depilatory 
agent appeared to cause no damage, our study found no appar-
ent damage due to the clippers, while 10 of the 15 rats given the 
depilatory agent developed a mild to moderate sensitivity reac-
tion (small nonerythemic bumps and petechiae of the skin). All 
sensitivity reactions were healed by Day 10 without requiring 
treatment. While 9 of the rats developed sensitivity reactions 
in less than 24 h, one rat did not develop a reaction until Day 
3 after the original application. The total contact time did not 
exceed the product directions of 10 min, making the number 
of sensitivity reactions unexpected. The hair was not trimmed 
prior to the application of the depilatory agent, which may have 
contributed to the length of time the depilatory agent was in 
contact with the skin. Clipping the hair before using the depila-
tory agent may decrease contact time and decrease sensitivity 
reactions. Another possibility for the unexpected sensitivity 
reaction may be the way the depilatory agent was removed from 
the rat's skin. A standard 4 × 4 gauze cloth or tongue depressor 
was used to gently remove the chemically treated hair, and then 
the area was generously rinsed and wiped with a standard 4 × 

4 gauze cloth. Despite the attention to gentleness, this may still 
have been too harsh a removal method given the skin's reaction 
to the depilatory agent. Using a soft gauze with a higher weave 
may protect the skin better.

One reason for hair removal is to reduce bacterial load.30 Both 
hair removal methods had no or low bacterial growth after the 
antiseptic step. Because the depilatory agent is a chemical, it 
potentially could have antimicrobial properties. In one study,25 
mice treated with a depilatory agent had less bacterial growth as 
compared with clipping. However, in our study, the depilatory-
treated rats had a bacterial load of 2 [Low] of 15, while the 
clipper-treated rats had a load of 0 [None] of 18; this difference 
was not significant. As time progressed and bacteria began to 
recolonize the skin, the bacterial load of the depilatory-treated 
rats remained higher than the clipper treated rats. Because all 
wounds healed well, with no signs of infection, the method 
of hair removal is likely not clinically relevant. However, our 
data indicate that a depilatory agent should not be considered 
to reduce bacterial load.

Staphylococcus spp. was the most commonly isolated bacte-
ria. This is not an unexpected finding, as Staphylococcus spp. 
is ubiquitous in the environment and is known as a common, 
commensal bacteria in both humans and mice.25,27,37 Character-
izing the microflora of the rat skin was not a goal of this study; 
samples were taken prior to the aseptic step only to ensure that 
known pathogens were not present. A potential limitation of 
our bacterial characterization is the possibility of not capturing 
all bacteria and the potential of one species to outgrow another 
while plated. We may have missed bacteria by using a gentle 
rolling technique rather than a swabbing technique. Dilution of 
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the transport medium may also have limited growth, although 
IDEXX has found their current standard balances the number 
of plates with too many colonies to count with those display-
ing no or limited growth. More fastidious organisms could 
be outcompeted by less fastidious organisms, resulting in not 
identifying some bacteria that may be present on the skin. As 
we found no published articles describing the microflora of 
rat skin, our work may provide an initial examination of rat 
skin microflora. We used a single step aseptic preparation, 
which is not a standard preparation method for our facility, as 
compared with the standard triplicate method. The bacterial 
counts after the aseptic step were reduced by 93%, and only 4 
isolates were found. Because a standard is not available for the 
level of reduction that should be achieved with the antiseptic 
step, we considered this percentage of reduction to be effective 
as an aseptic process.

In the human health care setting, providers make a determi-
nation of a SSI based on gross evaluation, and they may have 
formal guidance on what constitutes an SSI.8 In laboratory 
animal medicines, such formal guidance is not available. How-
ever, several animal models of wound infection do exist.11 In 

rat and guinea pig models, surgical wounds were considered 
infected based on the presence of pus or an abscess.13,23,44 In 
human medicine, more than 80 methods and 6 grading systems 
have been described for assessing surgical wounds, with the 
ASEPSIS grading system being the most frequently used.7 We 
used the ASEPSIS grading system for this study. To support 
the ASEPSIS determination, we collected samples for histology. 
The rationale is that the histology would show indications of 
delayed wound healing or infection, and it is often the ’gold 
standard‘ for identifying infected wounds and for describing 
delayed wound healing.25,32,33

The mean ASEPSIS scores of both hair removal methods 
were low, indicating satisfactory healing. The Day 1 score for 
the depilatory method was significantly lower than the clip-
per method. However, by Day 3 their scores were statistically 
equivalent, and both scores were within the satisfactory heal-
ing category. The histopathology assessment revealed normal 
healing with no indication of deep dermal bacterial infection 
for either method. Mean scores in the Dermal Inflammation 
and Epidermal Hyperplasia categories were highest for both 
methods on Day 3, which indicates the incisions were in the 
acute healing stage. Scores then fell through Day 10. By Day 10, 
the highest scores were in the Fibroplasia category, indicating 
that the incisions had started forming scars, as characterized by 
organizing and remodeling fibroblasts. In the Follicular Change 
category on Day 0, we expected that the score would be zero, 
as others had previously reported no follicular change for their 
depilatory method group on Day 0.25 In our study, however, 
both hair removal methods had scores in the Follicular Change 
category. For the clipping method, the scores ranged from 1 to 
3 (highest possible score of 3 possible) in 15 of 18 rats, whereas 
in the depilatory method group, scores ranged from 1 to 3 in 

Figure 2. Photographs of surgical sites on Days 0, 1 and 3. (A) Representative of hair removal site (clipper method) with rat orientation noted. 
Each colored circle represents a punch biopsy site: A (red circle), B (yellow circle), C (green circle), D (blue circle). After Day 0, in which all 4 sites 
were initially created, the healing punch biopsy site was removed on Days 1, 3, 7 and 10 respectively. The following images are of only Sites C 
and D which were used for the ASEPSIS scoring. (B) Day 1 Clipper method ASEPSIS scoring photo. The wound total average score is a 1 (sat-
isfactory healing). (C) Day 1 Depilatory method ASEPSIS scoring photo. The wound total average score is a 1 (satisfactory healing). Sensitivity 
reaction can be seen in the red circular lesions between the punch biopsy sites. (D): Day 3 Clipper method ASEPSIS scoring photo. The wound 
total average score is a 3 (satisfactory healing). (E) Day 3 Depilatory method ASEPSIS scoring photo sensitivity resolving sensitivity reaction can 
be seen between the incision sites. The wound total average score is a 2 (satisfactory healing).

Table 1. Comparisons of ASEPSIS means between hair removal methods 
on each day.

Day

Method

P valueClippers Depilatory

1 2.10 ± 0.45 0.48 ± 0.54 0.03

3 2.51 ± 0.45 2.07 ± 0.54 0.53

Results reported as age-adjusted means with standard error. P values 
are adjusted via the Sidak method.
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14 of 15 rats. Depilatory agents act by dissolving the hair, while 
clippers only cut the hair.36 Chemical components of the de-
pilatory agent could potentially seep into the intradermal hair 
follicular lumen, damaging the hair shafts. However, clippers 
should have no influence on the intradermal follicular changes 
noted in the histopathology evaluation. Because the mean age 
of the rats on this study is 10 mo, this could be a nonspecific, 
age-related change. However, this is speculative, as no studies 
report skin changes in aging rats.

Several unexpected events occurred during the study. The 
initial event was the response of the first cohort to buprenor-
phine-SR. Pica behavior, compulsively bringing bedding into 
the mouth, was seen in 11 of 17 rats. Once anesthetized and ex-
amined, 2 of 11 rats had mouths full of bedding. Buprenorphine 
is an accepted analgesic in rats, with the buprenorphine-SR ver-
sion commonly used to ensure dosing compliance and reduce 
stress due to handling.9,14,15 Pica is a known potential side effect 
of buprenorphine in rats.38 Some evidence indicates that pica 
development may be strain-dependent, with Sprague–Dawley 
rats being susceptible.16,38 In our facility, Sprague–Dawley 
is the most commonly used strain in surgical models, and 
buprenorphine-SR the preferred analgesic. While pica has only 
occasionally been seen, the rate of pica-like behaviors experi-
enced in this study is unprecedented in our facility. While strain 
has been implicated as a potential factor, the possible influence 
of age has not. The most common age of rats in research ranges 
from 2 to 3 mo.21 However, the mean age of the rats in this study 
was 10 mo, and ranged from 4.5 to up to 23 mo. The advanced 
age of the rats in this group may have predisposed them to the 
behavioral side effects of buprenorphine-SR that were not seen 
in studies using younger rats.

The other unexpected event was 3 deaths, which we at-
tributed to the age of the rats. One rat died within 24 h of 
the initial biopsy, and the other 2 rats required euthanasia 
based on veterinary guidance, one on Day 3 and the other 
on Day 7 after the initial biopsy. All 3 rats were the oldest 
animals used, with 2 of them 23 mo of age and the other 13 

mo of age. Gross necropsy and histologic evaluations did not 
indicate an obvious cause of death, and no reasons for the 
deteriorating condition were found in the 2 euthanized rats. A 
possible contributor was that 2 injections of anesthetics at 24 
h apart, in addition to the injection of buprenorphine-SR, was 
too stressful for the aged rats. Bradycardia and hypothermia 
are common problems in rats given injectable anesthetics 
like ketamine and xylazine, while the inhaled anesthetic, 
isoflurane, has less cardiorespiratory influence.40 Although an 
external heat source was provided, and subcutaneous fluids 
were administered to support the rats, the stress on their car-
diovascular system may have exceeded their tolerance. While 
research is available on the effects of anesthetics in neonates, 
research on the effects of anesthesia in aged rats is lacking.39

In conclusion, both hair removal methods used in this study 
resulted in satisfactory healing of a biopsy site without dermal 
surgical site infections. We believe both methods are safe and 
effective hair removal methods. As sensitivity reactions oc-
curred with the depilatory agent, a prudent strategy might be to 
shorten the hair length prior to application, thus shortening the 
contact time needed to achieve appropriate hair removal. Future 
research on the effects of using both clippers and a depilatory 
agent over the same area and its joint effects on dermal changes 
or SSI would be beneficial.
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Table 2. Percent bacterial load of each hair removal method across Days 0, 1, and 3.

Bacterial Load

Day 0 Day 1* Day 3

Clippers Depilatory Clippers Depilatory Clippers Depilatory

None 100 86.7 83.3 33.3 61.1 33.3
Low 0 13.3 11.1 66.7 33.3 53.3
Medium 0 0 5.6 0 5.6 13.3

*P = 0.002

Data represents bacterial load from Clipper group (n = 18) and Depilatory (n = 15) across 3 d. Statistical significance on Day 1 in which majority 
of Clipper group is “None” while Depilatory is “Low”. High group is not listed as bacterial load never elevated above Medium. Note: Day 0 
bacterial samples used in the table were collected after the aseptic preparation step.

Table 3. Bacteria cultured from samples collected on Day 1 posthair removal and postaseptic preparation

Bacteria Total count (n = 57) Post-hair removal proportion Post-aseptic proportion

Aerococcus sp. 14 0.25 0.02
Bacillus cereus 1 0.02 0
Corynebacterium stationis 3 0.05 0
Enterobacter cloacae 1 0.02 0
Enterococcus casselitavus 1 0.02 0
Klebsiella sp. 4 0.07 0
Proteus mirabilis 3 0.05 0
Staphylococcus sp. 30 0.53 0.05

Data represents the number of times the bacteria were cultured across the rat population. Proportions are relative to the original count.
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