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Ulcerative dermatitis (UD) is a chronic and common disease of 
laboratory mice that often leads to euthanasia of affected animals 
due to its debilitating nature. The disease often affects mice with 
the C57BL/6 (B6) background, female mice have an increased 
propensity for disease, and disease occurrence is increased in 
iNOS–/– mice.11,13,32 In addition, the incidence of UD increases with 
age, and some seasonality has been ascribed to the disease, al-
though these reports are conflicting.1,11,13,31,32

UD is diagnosed clinically by observation of excoriations in-
volving the face, ears, or dorsal cervicothoracic skin that are ac-
companied by pruritus and a negative ectoparasite exam. The 
histologic description classically includes chronic ulceration with 
adherent serocellular crust and adjacent epidermal hyperplasia 
and marked inflammation involving neutrophils, lymphocytes, 
macrophages, and mast cells.1,11 UD has been postulated to have 
a multifaceted etiology, with interactions between environmental 
(dietary vitamin E and humidity11,13,32), immunologic (preferen-
tial production of Th1 response by B6 mice1,11), and bacteriologic 
(overgrowth of Staphylococcus xylosus)37 factors.

The normal skin flora of mice includes staphylococcal species, 
including S. xylosus.33,37 However, examinations of various der-
mal staphylococcal species in humans and dogs have revealed 
differences in their adherence to skin cells once the cells become 
involved in an inflammatory process.4,18,19 Both adherence and cel-
lular invasion are associated with pathogenesis in gram-positive 
cocci.4,8,18,19 Documentation of the pathogenicity of S. xylosus is 
not extensive, but the organism can be used to induce lesions in 
the tails of SJL/J mice.33 Like UD in B6 mice, diabetic foot ulcers 
in human beings are also difficult to treat and have a complex 
etiology. The initial lesion in a diabetic foot ulcer may be vascular, 
but colonization and infection of the spreading ulcerative lesions 
by bacteria is part of the pathogenesis.5,36 Likewise, whatever the 
initiating event in UD, bacterial colonization may be important 
for the maintenance and spread of the ulcerative lesions.

Stearoyl Co-A desaturase 1 (SCD1) is the enzyme that catalyzes 
the rate-limiting step in the creation of monounsaturated fatty ac-
ids. Mice that lack the SCD1 gene (SCD1–/– mice) have decreased 
expression of genes coding for enzymes used to synthesize lipids 
and have increased expression of genes encoding enzymes that 
oxidize fatty acids. These mice have increased insulin sensitiv-
ity, decreased body adiposity, and a resistance to diet-induced 
obesity.20,25 In addition, SCD1–/– mice have changes in their skin, 
including a sparse pelage with absence of guard hairs, hypoplasia 
of meibomian and sebaceous glands, and progressive scarring 
(nonulcerative) alopecia.21,28,38
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mice (wildtype, n = 11; SCD1–/–, n = 4) received AIN76A to which 
CLA was added to a concentration of 1%. Because the addition 
of CLA to the diet of the SCD1–/– mice did not affect the develop-
ment, histology, or bacterial characterization of skin ulcers, the 
data from groups receiving or not receiving CLA supplementa-
tion were pooled. There was a week of transition from standard 
chow to AIN76A, after which mice were fed AIN76A for 4 wk. 
Mice were housed in conventional open-topped shoebox-type 
cages on hardwood bedding, on a static rack, in social groups 
with SCD1–/– and wildtype mice housed at a density of 4 or 5 mice 
per cage. Tap water was provided in bottles ad libitum. Cages 
were changed once weekly.

Sentinel surveillance indicated that the mice used for these ex-
periments were free of epidemic diarrhea of infant mice virus, 
Mycoplasma pulmonis, mouse hepatitis virus, murine parvovirus, 
minute virus of mice, Sendai virus, and Theiler murine encepha-
lomyelitis virus. Sentinels were serologically positive for mouse 
norovirus. The Animal Care and Use Committees at the Univer-
sity of Wisconsin–Madison approved all animal experiments.

UD lesion occurrence. Mice on feeding trials were observed at 
least once daily for evidence of skin ulceration. Once ulcers were 
observed, mice were observed at least twice daily. Mice with UD 
were euthanized when the lesions interfered with their locomo-
tion or food consumption or at the direction of the veterinary staff. 
Mice were euthanized by intraperitoneal injection of commercial 
euthanasia solution (150 mg/kg; Fatal Plus, Midwest Veterinary 
Supply, Sun Prairie, WI) or by CO2 asphyxiation.

Pathology. Pelts from B6 and SCD1–/– mice with UD were re-
moved in a single piece from the carcasses, placed on card stock, 
and fixed in 10% neutral buffered formalin. Normal SCD1–/– and 
B6 mice were not included in this experiment. The most important 
comparison was between the lesions in the B6 and the SCD1–/– 
mice. The specific abnormalities in the intact skin of SCD1–/– mice 
have been previously published.6,21,28,30,32 Prior to fixation, small 
areas of perilesional skin were frozen at −70 °C for later culture. 
Post fixation, sections of ulcerated skin were excised and placed 
in cassettes. Cassettes were processed for routine hematoxylin 
and eosin staining and examined for a defined set of criteria 
(Table 1). Giemsa-stained slides were used to enumerate mast 
cells by using a hand counter. A total of 10 high-power (magnifi-
cation, 400×) fields were enumerated. Masson trichrome stain was 
used to evaluate the degree of fibrosis, Brown and Hopp stain 
was used to look for gram-positive cocci and other bacteria; and 
Alcian blue–periodic acid Schiff staining was used to evaluate 
slides for the presence of fungi or mucin.

Conjugated linoleic acid (CLA) is a naturally occurring lipid 
that has several potentially therapeutic effects.2,7,26 CLA had an-
tiinflammatory effects in a mouse model of inflammatory bowel 
disease and in 2 mouse models of autoimmune disease.2,7,26 New 
Zealand white mice, which are used as a model of systemic lupus 
erythrematosis, that were fed a standard semipurified rodent diet 
(NIH AIN76A) plus 1% CLA survived longer than did control 
mice, and DBA/1J mice with collagen-induced arthritis that were 
fed the same diet and concentration of CLA had less joint inflam-
mation than did controls.7 Recently, CLA has been shown to en-
hance wound healing in mice.26

During CLA nutritional studies using SCD1–/– mice, the inci-
dence of UD increased when the mice were changed from a stan-
dard chow to a semipurified diet (NIH AIN93).10 This observation 
initiated an investigation to determine whether SCD1–/– mice fed 
a similar semipurified diet that was based on NIH AIN76A may 
serve as a useful model to study UD.7 The nutrients in semi-puri-
fied diets are derived from individual single-source components, 
so that the lipid, protein, or carbohydrate source can be changed 
by varying a single component. Semipurified diets are used to 
study conditions like coronary artery disease, where the dietary 
lipid source plays a role in the pathogenesis of the lesion. In this 
type of study, less atherogenic fish oils may be substituted for more 
atherogenic beef tallow as the sole lipid source in the diet.12,16

We hypothesized that at least one of the components of AI-
N76A was associated with the development of skin ulcers in 
SCD1–/– mice and that the addition of CLA to the base NIH AI-
N76A diet would inhibit this ulcerative process. We also hypoth-
esized that the ability of skin bacteria to invade skin cells is part 
of the pathogenesis underlying ulcerative dermatitis in B6 mice 
and that diet can affect bacterial invasion. To test our hypotheses, 
B6 and SCD1–/– mice were fed standard rodent chow and then 
were switched to the NIH AIN76A semipurified diet, in which 
corn oil was the fat source. Microbial isolates from the skin of 
these 2 groups were examined by using a cell invasion assay to 
determine the ability of the different bacteria to invade NIH 3T3 
cells of murine fibroblast origin.

Materials and Methods
Animals and diets. Female SCD1–/– mice on a B6 background 

(age, 4 mo; n = 8) were a generous gift from the laboratory of Dr 
James Ntambi,20,21,28 and adult C57BL/6 mice of undetermined age 
with clinical cases of UD (n = 7) were obtained from various facili-
ties on the University of Wisconsin-Madison campus. Control B6 
female mice (age, 4 mo ; n = 22) for the initial feeding experiment 
were obtained from a commercial source (Harlan, Indianapolis, 
IN). These B6 mice were fed different concentrations of CLA in 
the semipurified diet described following. Because none of these 
control mice developed ulcers, the results from these mice were 
pooled for all of the analyses. Additional unaffected B6 control 
mice used for culture samples were obtained from campus breed-
ing colonies.

Mice were fed either standard commercial rodent chow (5008, 
Purina Mills International, St Louis, MO) or a standard semipuri-
fied diet (NIH AIN76A) in which corn oil was the lipid source 
and which was modified with additional calcium carbonate in 
the mineral mix.7 NIH AIN76A is a standard semipurified diet 
used in nutritional research. The base diet includes casein as the 
protein source, corn oil as the fat source, and sucrose and corn-
starch as the major carbohydrate sources (Figure 1). Half of the 

Figure 1. Composition of NIH AIN76A.
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Bacterial culture. Frozen or fresh skin samples obtained near 
or including UD lesions or from the skin between the shoulders 
of normal mice were placed in a tissue macerator with a small 
amount of brain–heart infusion broth (approximately 1 mL). The 
tissue was pulverized, and the fluid combined with 50 mL brain–
heart infusion broth. Aliquots (0.1 mL each) were streaked onto 
blood agar plates for isolation and incubated at 37 °C with 5% 
CO2 overnight. Representative colonies were picked, and organ-
isms were identified by using conventional biochemical meth-
ods and API strips (API, Biomerieux, Durham, NC). Isolates of 
S. xylosus were obtained from ATCC (an environmental isolate 
[catalog no. 12162] and an isolate from human skin [catalog no., 
29966]29), opened, grown for 16 h in brain–heart infusion broth, 
and streaked for isolation on blood agar plates to confirm the 
purity of the isolate.

Cell invasion assay. Isolates to be tested for cell invasiveness 
were streaked onto blood agar plates and incubated for 16 h. Col-
onies on the blood agar plates were suspended in Mueller–Hin-

Table 1. Histologic characteristics of UD in SCD1–/– (n = 8) and other 
mice on a C57BL/6 background (n = 7)

SCD1–/– 
mice

Other  
B6 mice P

Ulcer (present in the section) 8 7 —
Acanthosis 8 6 0.467
Hyperkeratosis 8 6 0.467
Parakeratosis 8 5 0.200
Crusts 8 7 —
Dermal polymorphonuclear cells 8 7 —
Naked hair shafts 5 3 0.619
Fibrosis 8 7 —
Giant cells 7 1 0.010
Granulomas 7 3 0.119
Absence of sebaceous glands 8 0 <0.001
Pigmentary incontinence 8 1 0.001
Bacteria 1 2 0.550

—, significance not determined

Figure 2. Survival of wildtype (dotted line) and SCD1–/– (solid line) mice 
(n = 8) after initiation of NIH AIN76A diet. Mortality represents eutha-
nasia of mice due to development of UD.

Figure 3. Gross appearance of UD during the sporadic, clinical disease 
in (A) C57BL/6 mice and (B and C) SCD1−/− mice. Ulcerative lesions in 
SCD1–/– mice are crusted and erythematous and follow the areas of skin 
motion. Note that the pelage in the SCD1–/– mouse is sparser than in the 
normal mouse because the genetically modified mice lack guard hairs.
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mice included ulceration and reactive changes to the epidermis, 
including acanthosis, hyperkeratosis, parakeratosis, and pigmen-
tary incontinence. Other changes included serocellular crusts, 
with and without gram-positive cocci, and reactive fibrosis of the 
ulcer bed (Table 1, Figure 4). Free hair shafts and hair shafts that 
penetrated the follicular sheath were seen in the SCD1–/– mice 
with UD and in field cases of UD (Table 1, Figure 4 B). Consis-
tent with the phenotype of SCD1–/– mice, sebaceous glands were 
not apparent in the SCD1–/– mice (Table 1, Figure 3 C, black ar-
row). Inflammatory cells, including neutrophils and mast cells, 
were common and present in lesions from both groups of mice 
(Table 1, Figure 4 D), and the median number of mast cells was 
significantly higher in UD lesions from SCD1–/– mice than B6 mice 
(SCD1–/–, 305 cells per 10 high-power fields; field cases, 198 cells 
per 10 high-power fields; P = 0.021, Mann–Whitney test). Giant 
cells were more common in SCD1–/– mice with UD than in field 
cases of UD (Table 1, Figure 4 C). The incidence of granulomas 
did not differ between groups (Table 1). Fungal elements and ex-
tracellular mucin were absent.

The S. xylosus isolate from a SCD1–/– mouse with UD was the 
most cell-invasive, followed by isolates from field cases of UD 
(Figure 5). The environmental isolate was less invasive than were 
the UD isolates, and the least cell-invasive isolate was the isolate 
cultured from human skin. The isolate from the SCD1–/– UD le-
sion had significantly greater cell invasion than did one of the 
isolates from the field cases of UD in B6 mice (no. 1 in Figure 5; 
P = 0.050, Mann–Whitney test) and the isolate from human skin 
(P = 0.050, Mann–Whitney test). In addition, the isolate from the 
field cases (no. 1) had significantly (P = 0.050, Mann–Whitney 
test) greater cell invasion than did the isolate from human skin. 
All other comparisons of cell invasion failed to achieve statistical 
significance (Figure 5).

Discussion
Murine UD occurs sporadically in mice with a C57BL/6 back-

ground. Genetics, age, and dietary vitamin E content all affect the 
occurrence of this disease.11,13 The occurrence of UD is unpredict-
able, with a prevalence in one report of 21% occurring over the 
course of a 20-mo period.1 All of the SCD1–/– mice in the current 
study developed UD in 4 wk. This model may provide a predict-
able method for studying UD and therefore effectively reduce the 
number of animals for future UD research. UD has a profoundly 
negative effect on animal welfare, especially in aging studies.1 
Loss of animals and data due to clinical euthanasia has been a 
burden for both researchers and veterinary staff at our institution 
and elsewhere. The development of a standard model to study 
this condition has wide-ranging implications for both clinical care 
and research.

S. xylosus has been cultured from clinical cases of UD at several 
institutions.33,37 Our culture results show that S. xylosus was isolat-
ed from 43% of field cases examined and from 71% of the SCD1–/– 
mice with UD. Normal B6 controls had no S. xylosus growth. S. 
xylosus has been reported to be part of the normal skin flora of 
conventionally housed mice.33 the mice with field cases of UD 
cultured for the current study were conventionally housed. Our 
inability to isolate S. xylosus from conventionally housed B6 mice 
could be due to the low numbers of organisms present on the on 
the skin of the mice. S. xylosus isolates from all cases of UD were 
more cell-invasive than were the control isolates, especially the 
isolate from human skin, and the isolate from one of the SCD1–/– 

ton broth and the concentration was adjusted to 0.5 McFarland 
units to produce a suspension of organisms equivalent to 1.0 × 107 
bacteria/mL. The bacteria were pelleted by centrifugation, and 
resuspended in Dulbecco Minimal Essential Medium + 10% Fetal 
Bovine Serum at a concentration of 1.0 × 1014 bacteria/mL. The 
bacteria suspended in tissue culture medium were overlaid onto 
NIH 3T3 cells in duplicate or triplicate wells in 24-well plates. The 
plates were incubated for 2 h at 37 °C with gentle agitation. The 
plates were removed from the incubator, the supernatant contain-
ing the unattached bacteria was removed and discarded, and the 
cells were washed 3 times with 1 mL PBS. The NIH 3T3 cells were 
overlaid with PBS containing 1 mg/mL lysostaphin and incu-
bated for 2 h at 37 °C with gentle agitation to lyse any remaining 
extracellular bacteria. The lysostaphin solution was removed by 
aspiration, and the wells were washed 3 times with PBS. The cells 
were lysed with sterile distilled water, and the cell lysates were 
collected in 1.5-mL microcentrifuge tubes. Serial dilutions of the 
cell lysates were plated on blood agar.8,35 Blood agar plates were 
incubated for 48 h, and colonies were counted by a single person 
(MR) who was blind to the origin of the isolates.

Statistical analysis. The frequency of each of the histologic fea-
tures of ulcerative lesions in SCD1–/– and B6 mice was analyzed 
by using the Fisher Exact test. Mast cell numbers and colony 
counts from the cell invasion assay were analyzed by using the 
Mann–Whitney test. All statistical tests were run by using com-
mercially available software (version 19, SPSS Statistics, SPSS, 
Armonk, NY).

Results
All SCD1–/– mice developed lesions consistent with UD within 

4 wk of initiation of NIH AIN76A diet. None of the B6 mice fed 
this diet developed UD (Figure 2). None of the SCD1–/– or B6 
mice maintained on standard chow developed lesions within the 
4-wk experimental period. The addition of CLA to the base NIH 
AIN76A diet did not affect the development of the skin lesions. 
Gross lesions in field cases of clinical UD and SCD1–/– mice with 
UD included ulceration over the neck or dorsum, with crusting, 
scabbing, or oozing (Figure 3). Mice were noted clinically to be 
pruritic, with self-trauma and occasional lameness. S. xylosus was 
isolated from 5 of 7 (71%) of the macerated periulcerative skin 
samples from SCD1–/– mice, 3 of 7 periulcerative skin samples 
(43%) of field cases of UD in B6 mice, and none of the 6 B6 mice 
without UD (Table 2). One skin sample from an SCD1–/– mouse 
was lost during processing. Under the conditions described, UD 
lesions in SCD1–/– mice grew only pure cultures of S. xylosus. Field 
cases of UD grew S. xylosus isolates and a single isolate of Strep-
tococcus spp.

The ulcers were histologically similar between the 2 groups of 
mice. Histopathologic features common to UD in SCD1–/– and B6 

Table 2. Isolation of S. xylosus from clinical cases of UD in SCD1–/– and 
wildtype C57BL/6 mice (n = 7 each) and from normal C57BL/6 mice 
(n = 6)

Mice
No. (%) of mice 
with S. xylosus

No. of mice with 
no bacterial growth

Clinical UD, C57BL/6 3 (43) 4
UD, SCD1–/– 5 (71) 2
Normal skin, C57BL/6a 0 (0) 3
aIncludes 3 pelts that were pooled.
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the current study but may be undertaken in the future. Additional 
experiments will be needed to determine the effect of treatment 
on the cell invasiveness of S. xylosus in B6 mice.

The UD lesions in the SCD1−/− and B6 mice were grossly and 
histologically similar, both to one another and to ulcerative le-
sions in general, although a few differences were noted. The ab-
sence of sebaceous glands in the SCD1–/– mice is characteristic of 
the phenotype. The significance of the severe sebaceous gland 
hypoplasia in regard to the histomorphology of UD lesions in 
SCD1–/– mice is unknown. The frequent presence of Langerhans 
giant cells in UD lesions of SCD1–/– mice may relate to their ab-
normal pilosebaceous unit.20 Sebaceous secretions have antibacte-
rial properties, and the lack of normal sebum may be a factor in 
the pathogenesis of UD in SCD1–/– mice.6,23

The antibacterial functions of sebaceous secretions can be di-
vided into 2 categories: barrier functions that prevent bacteria 

mice with UD had the greatest number of cell-invasive variants. 
The SCD1–/– mice used in the current study were not treated once 
they developed UD lesions and were euthanized as soon the UD 
lesions interfered with the animals’ welfare. The field cases of UD 
in B6 mice may or may not have been treated. In addition, the 
culture conditions for the initial isolation of the organisms may 
have missed some intracellular or extracellular organisms. In-
tracellular bacteria and intracellular forms of bacteria, including 
bacteria that have lost their cell walls (L forms), bacteria present 
in biofilms, and small-colony variants can be difficult to grow 
using standard media and culture conditions.5,9,22,27,36 Tailoring 
the culture conditions to isolate intracellular bacteria or bacterial 
forms and identifying bacteria by direct pyrosequencing may 
increase the efficiency of isolation or identification of intracellular 
bacteria, even in treated mice. Intensive and specialized culture 
conditions and sequencing experiments were beyond the scope of 

Figure 4. (A) UD lesion from an adult female SCD1–/– mouse. S. xylosus was cultured from the ulcer; transition from hyperplastic (white asterisk), acan-
thotic, and hyperkeratotic epidermis to eroded epidermis to ulcer is evident. The ulcer bed is fibrovascular and cellular; the ulcer itself is covered with 
proteinaceous and necrotic material. Chronicity is evident in fibrous tissue (black asterisk) underlying ulcer. Hematoxylin and eosin stain; magnifica-
tion, 100×. (B) Field case of S. xylosus-positive UD in an adult C57BL/6 mouse. The epidermis transitions rapidly from hyperplastic (acanthotic and hy-
perkeratotic, black asterisk) to eroded to ulcerated. Hematoxylin and eosin stain; magnification, 100×. (C) SCD1–/– adult female mouse. Langhans-type 
multinucleated giant cells are present in the dermis of mutant skin, adjacent to an ulcer (open arrows). Note the absence of sebaceous glands around 
hair follicles (black arrow). Hematoxylin and eosin stain; magnification, 200×. (D) SCD1–/– adult female mouse with large numbers of mast cells contain-
ing metachromatic granules (white arrow) in the dermis of ulcerated skin with a serocellular crust (white asterisk). Giemsa stain; magnification, 200×.
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of UD than do iNOS-competent B6 mice; therefore iNOS must 
not be the only inflammatory mediator necessary for the develop-
ment of UD lesions.11 The inflammatory stimulus in SCD1–/– mice 
may be one (or more) of the components of the AIN76A diet or 
a metabolite thereof. Conversely, the AIN76A may change the 
skin integrity or elasticity, leading to increased exposure of deep 
skin layers to environmental chemicals that would not normally 
be presented to these cells, including skin bacteria and bacterial 
components.

The reason for the development of UD lesions in SCD1–/– mice 
fed the NIH AIN76 diet is unknown. The use of semipurified di-
ets is standard practice in nutritional studies, and these diets con-
tain all known required nutrients at levels sufficient to meet the 
needs of a healthy animal. The finding that UD only occurred in 
mice fed the semipurified diet provides a unique opportunity to 
discover compounds that either promote or protect against UD. 
Additional experiments using different fat or protein sources will 
be useful to determine the influence of these dietary factors on 
the development of UD in SCD1–/– mice. In particular, the lipid 
source in AIN76A, corn oil, can be exchanged for fish oil. Corn 
oil and other vegetable oils rich in omega-6 fatty acids are more 
proinflammatory than is fish oil, which is high in omega-3 fatty 
acids.12,16 The S. xylosus cell-invasion phenotype may also play 
a role in the development of UD. The similarities between the 
ulcerative skin disease in SCD1–/– mice and other B6 mice war-
rant further exploration before SCD1−/− mice can be used as a 
model of UD. Such a model may improve our understanding of 
UD pathogenesis.
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activity against Staphylococcus aureus and Propionibacterium acnes 
was associated with H4.14 Other histone proteins, including H1, 
H2A, and H2B from fish and frog skin and H2B and H4 in hu-
man placenta and colon, have been found to have antibacterial 
activity.14,23 Flake (flk) mice, which carry a SCD1 mutation on a 
C57BL/6 background, have impaired clearance of experimental 
infection with gram-positive bacteria (Streptococcus pyogenes and 
Staphylococcus aureus) but not gram-negative bacteria (Escherichia 
coli); this defect can partially be rescued by intradermal adminis-
tration of palmitoleate.6 We expect that the SCD1–/– mice used in 
the current study have deficient resistance to gram-positive skin 
pathogens due to their lack of sebaceous secretions.

The early initiating events in UD in B6 and SCD1–/– mice are 
unknown but may involve sensitization of skin dendritic cells 
as part of the initiation and maintenance of the inflammatory 
process.17,24,34 Skin-derived dendritic cells can be stimulated to 
produce several inflammatory mediators in response to LPS, 
granulocyte–acrophage colony-stimulating factor, and 2,4-dini-
trofluorobenzene.17,24,34 Treatment of a fetal murine dendritic cell 
line with LPS or granulocyte–macrophage colony-stimulating fac-
tor induces nitrite production in vitro.34 2,4-Dinitrofluorobenzene 
does not affect inducible nitric oxide synthase (iNOS) pathways 
but instead activates inflammation-associated kinases, including 
ERK1/2 and MAPK.17 Similarly, staphylococcal exotoxin α may 
sensitize dendritic cells and act as a superantigen in atopic derma-
titis.3,15 B6 mice that are iNOS–/– have a higher lifetime incidence 

Figure 5. Assessment of cellular invasion potential of different isolates 
of Staphlococcus xylosus by using NIH 3T3 cells as targets. The isolates 
characterized included 2 S. xylosus isolates from ATCC (one from an 
outdoor botanical garden and one from the surface of human skin); 3 
isolates from field cases of UD from C57BL/6 mice; and an isolate from 
UD in a SCD1 –/– mouse. Letters denote significant differences in cell 
invasiveness as follows: a > b > c. Statistical significance was defined as 
a P value of 0.05 or less (Mann–Whitney test).
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