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Abstract

Background: In dermatological and pharmaceutical research ex vivo mouse skins are frequently used in topical drug deliv-
ery studies and analysis of skin diseases. One part of the experiments reported is carried out in hairless mouse skins, such as
SKH1 nude mice, while others prefer the widely validated C57BL/6J hairy mice. However, in-depth characterization of the
dermal barrier under healthy conditions has not been performed yet. In the current study tissue morphology, chemical com-

C57BL/6J and SKH1 mice.

Results:
tology revealed that big cysts dominate the dermal layer of SKH1 mouse skin contrary to C57BL/6J. Also on the scanning

Mechanical sensitization resulted in a dramatic increase in transepidermal water loss in C57BL/6J mice but caused only a
minimal alteration in nude mice.

Conclusion:

assessment recommends cautious usage of mouse strains in dermatological experiments.

Keywords: C57BL/6J mice, SKH1 nude mice, dermal barrier, skin-on-a-chip, in vitro permeation test, TEWL, confocal Ra-
man spectroscopy
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List of Abbreviations: A: adipose cell, AUC: area under the curve, BV: blood vessel, C: ear cartilage, DC: dermal cyst, F:

tron microscopy, SG: sebaceous glands, TEWL: transepidermal water loss, TS: tape stripping, U: utricle

Background

which is the uppermost layer of the epidermis. Its structure can be presented as the “brick and mortar” model, where the bricks

ture forming the „mortar”. Its main constituents are ceramides (account for ~50% by weight), cholesterol (25%), and free fatty
acids (15%) [2]. Ceramides are waxy lipids, composed of fatty acids and longchain bases with wide structural variations in the

cytes and the immune cells,  and its content is associated with its level in coronary arteries and the aorta [4–6]. Several other
molecules play crucial roles in the formation of the chemical barrier. Natural moisturizing factor (NMF) is essential for appro-
priate stratum corneum hydration, barrier homeostasis, desquamation, and plasticity [7]. It is formed by lactate, proteins, urea,
sugar, and inorganic ions such as potassium and magnesium ions. Lactate provides anti-aging and keratolytic action and stabil-
izes  the  pH,  which is  important  in  the  formation of  acidic  skin  surface  that  restricts  bacterial  colonization [8].  Proteins  and

tion and integrity of the stratum corneum. Urea improves skin barrier function including antimicrobial defense and regulates
keratinocyte proliferation. Urea is widely used as a moisturizer and keratolytic agent [9]. Moreover, the water content is a key

in pharmaceutical, pharmacological, and dermatological studies. Animal models are important in dermatological research be-

mals. Rodent models can mimic the symptoms, pathology, and response to therapy of human skin diseases such as psoriasis,
atopic dermatitis, acne, vitiligo, melanoma, and other skin disorders [11]. However, using laboratory animals also has certain

strains and in animal-human relations.

C57BL/6 is the most widely used inbred mouse strain because these mice breed well, are long-lived, and allow the expression of
most mutations [12]. However, the use of C57BL/6 mice also has its drawbacks: a low susceptibility to tumors, development of
severe  and  progressive  hearing  loss,  and  demonstrating  an  orientation  toward  T  helper1  responses  [13,  14].  Being  a  hairy
strain, shaving and depilation of the hair before the dermatological investigation is a prerequisite. To provide an appropriate
hair removal method and maintain animal welfare, He and co-workers compared four commonly used depilation methods--

method was more convenient and safer than the others, suggesting it as the best choice for preoperative depilation [15].



3 Journal of Veterinary Science and Animal Husbandry

Annex Publishers | www.annexpublishers.com Volume 12 | Issue 2

mal recessive hypomorphic mutation called hr in the gene Hairless (Hr
and brain and acts as a transcriptional co-repressor for multiple nuclear receptors, such as the thyroid hormone receptor, reti-

hr mice alters the transcription

tween hairless and haired areas. By about 3 weeks of age, the animals are completely hairless except for a few vibrissae, which

tent mice allow easy manipulation and examination of the skin, application of topical agents, exposure to UV radiation, and
easy visualization of the cutaneous reaction. Wound healing, acute photobiologic responses, and skin carcinogenesis have been
extensively studied in SKH1 mice [16]

Although both the C57BL/6J and SKH1 mice are widely used as dermatological model animals, the characterization of the der-
mal barrier under healthy conditions has not been performed yet. Our study focused on the physical and chemical barrier and
aimed to compare the skin of C57BL/6J and SKH1 mice measuring transepidermal water loss,  in vitro permeation capability

matitis models [18, 19], the abdominal area is subjected to the induction of the allergic contact dermatitis [20, 21], and the ears
are used in the sensitization phase in the same model.

ent drug and cosmetic formulations in regard of the degree and kinetics of skin absorption and bioavailability of active ingredi-

skins revealed by the current assessment recommend their cautious usage in translational experiments.

Materials and Methods

ric approach to help future model selection in experimental skin research.

Animals

les River Laboratories (Germany) [16]. Animals were bred and housed individually (Tecniplast, Buguggiate, Italy) in a conven-
tional animal facility. Animals were fed standard chow ad libitum and had unlimited access to water. Age- and gender-matched
animals were used for the experiments. All experiments were approved by the Animal Experimentation Review Board of Sem-

Skin Preparation

was used for histology, scanning electron microscopy, Raman spectroscopy, and for the transepidermal water loss (TEWL) mea-
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Excised samples were wrapped in aluminum foil and stored at -80°C. In the case of the permeability studies, skins were thawed
for 30 minutes at room temperature. At Raman spectroscopy and TEWL, the skin samples were thawed on the previous day

TEWL measurement and drug delivery studies as it was proved by unpublished pilot experiments which compared freshly pre-
pared and frozen and thawed samples.

Scanning Electron Microscopy (SEM)

tween C57BL/6J and SKH1 skins.

Based on the intensity values, a threshold was applied to the images to generate binary pictures from grayscale images. Object
search  and counting  were  performed according  to  our  previous  paper  [19].  Suzuki’s  Contour  tracing  algorithm was  used  to

G (number of gaps) and NPC (number of pixels in cells) to separate the dif-
ferent types of images.

Skin Barrier Function

gies Ltd., Kuopio, Finnland) according to the instructions of the manufacturer.

[23–25]. It contains a donor and a receptor chamber, while the skin is placed in between these two units allowing a penetration

2.3 mM CaCl2

face of 0.5 cm2. Samples were collected every 30 min for 5 hours and stored at -80°C until bioanalysis.

Measures were performed by CaseViewer (3DHISTECH Ltd, Budapest, Hungary).
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Skin Composition Analysis by Confocal Raman Spectroscopy

Confocal Raman spectroscopy analysis was performed with GEN-2 SCA Skin Composition Analyzer (River D- International

al.[28].

ous work of Caspers et al.[29].

Statistical Analysis

groups was conducted with Student t-test (2,2) or two-way ANOVA. Šídák or Tukey Post Hoc test was used for multiple com-

Results

C57BL/6J animals at the same age.

the ear was found to be 1.57 times thicker (Table 1) in SKH1 mice.

Table 1: Comparison of body weight and skin thickness of C57BL/6J and SKH1 mice (means ±SE, n=3)

Parameter C57BL/6J SKH1 t- test (2,2)

Age (days) 94 100 -

Body weight (g) 19.00±0.58 26.00±0.58 p=0.001

Ear thickness (mm) 0.2617±0.0049 0.41±0.0286 p=0.014

Ear weight (g) 0.02828±0.00036 0.04507±0.004814 p=0.046

Abdominal skin thickness (mm) 0.4486±0.0383 0.5283±0.0106 p=0.176

Dorsal skin thickness (mm) 0.6083±0.0083 0.7233±0.0098 p=0.002
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copy (SEM), and Image Analysis

auricular,  abdominal,  and  dorsal  regions  were  evaluated  and on  abdominal  and  dorsal  skins  two conditions  were  compared
(0TS – intact tissue without mechanical sensitization and 10TS). Four skins were used in each group. Representative pictures
and evaluation of low-power (300x) SEM images are shown in Figure 1.

Figure 1: Representative low-power scanning electron microscopic images of C57Bl/6J and SKH1 mouse skins. Panel (A and
B) abdominal area without mechanical sensitization, panel (C and D) abdominal area with 10 tape strippings, panel (E and F)
dorsal area without mechanical sensitization, panel (G and H) dorsal area with 10 tape strippings, panel (I) image analysis of
SEM pictures - number of gaps, and panel (J) image analysis of SEM pictures - number of pixels in cell bodies. (Medians and

min/max values are presented in boxplots, n=4/group, *: p<0.05).
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mice, the pore size and density were quite large on the abdominal skin surface, and many degenerative hair follicles were pre-

and hairless  mice compared to  the  intact  surface  (Figure  1  E,F,G,H).  Large pores  were also  observable  in the  dorsal  stratum

specially in the dorsal intact skins) and the area of scaly cells were higher in the C57BL/6J strain (Figure 1 I,J).

neous  muscle  layer  were  also  visible  (Figure  2  A,C,E).  Stratum  corneum  (SC)  forms  the  outermost  layer  of  the  skin  and  in
SKH1 mice it is abundant in the opening of the utriculi (U), which arise from the infundibulum of the hair shaft forming am-
puliform structures lined by hyperkeratotic  epithelium. Here hypertrophic sebaceous glands could be noted (Figure 2 D).  In
hairless mice, large multicellular dermal cysts (DC) dominated the deep dermis not connected to the overlying epidermis (Fig-

Adipose cells were present in a considerable number in the hypodermal layer. Ear cartilage (C) separated the interior and exteri-

ure 2 B,D, F). Sebaceous glands were especially enlarged compared to the size of the follicles. DCs were present in the ear re-
gion as well.

epidermis, the eosinophilic staining of the connective tissue made the dermis distinguishable. Embedded into this layer secret-
ing sebaceous glands could be seen,  connecting to hair  follicles.  From below, the dermis was bounded by the adipose tissue.

ment  of  the  sebaceous  glands.  Pore-like  structures  (utriculi)  were  lined  by  hyperkeratotic  epithelial  cells  [16],  which  had

dermal layer and were not connected to the epidermis. Compared to the abdominal subcutaneous adipose tissue the dorsal hy-
podermis was more abundant both in C56BL/6J and SKH1 mice (Figure 2 C,D). In SKH1 mice DCs and utriculi were also pre-
sent in the dorsal skin (Figure 2 D).

In the ears, cartilage separated the interior and exterior skins on the cross-sectional images (Figure 2 E,F). Compared to other

larged sebaceous glands and dermal cysts could be found even in the auricular region (Figure 2 F).
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Figure 2: Representative histological cross sections of intact skin samples from C57BL/6J (Panels A,C,E) and SKH1 (Panels

dermis). F: hair follicles, SG: sebaceous glands, SC: Stratum corneum, U: Utriculi, DC: dermal cysts, A: adipose cells, M: cuta-
neous muscle layer, C: ear cartilage, BV: blood vessel. Scale bar is 50 µm.

Evaluation of Skin Composition in C57BL/6J and SKH1 Mice

For analyzing the chemical composition of hairy and nude mouse skins (abdominal and dorsal) six components were selected

the C57BL/6J mouse skins were more abundant in lipid components (ceramides and cholesterol) on the surface, which can be
related to the hair growth and active function of sebaceous glands at the root of the hair follicles. But in the deeper layers (from

m) the hairless skins were richer in cholesterol. With Raman spectroscopic measurement, we can examine the upper 40-
micrometer layer of the epidermis. With age, the properties of this layer and the dermis change the most (e.g. decreasing water,

Lactate levels were higher in the C57BL/6J mice both in the abdominal and the dorsal skins to ensure the balanced pH of the

(the only exception was ceramide in the abdominal skins),  although the surface layers were more abundant in lipids in
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m skin thick-
ness is regarded (Figure 3 I,L). Urea was elevated in hairless mice mainly in the deeper skin layers, compared to the blackmice

full thickness of the epidermis is regarded (Figure 3 R). For a comparison of the composition of the three anatomical regions:

mice is presented separately in Figure S1.

Figure 3: Chemical components of excised skins from C57BL/6J and SKH1 mice. Abdominal (Panels A,D,G,J,M,P) and dorsal
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Transepidermal Water Loss for Skin Barrier Function

Transepidermal water loss was measured as an indicator of barrier impairment. Increased TEWL indicates skin barrier damage

destroy  the  barrier.  In  C57BL/6J  mice,  the  TEWL  on  the  intact  skins  was  similar  on  the  abdominal  and  dorsal  surfaces
(7.18±0.93 g/m2h, 5.03±1.18 g/m2 2h,
35.50±0.67 g/m2h, on abdominal and dorsal samples) (Figure 4 E, F).

Figure 4: Skin permeability and barrier function on C57BL/6J and SKH1 mouse skins. 

mulation throught the (A) abdominal skin, (B) dorsal skin, (C) auricular skin and (D) Area under the cumulative mass-time

**: p<0.01, ****: p<0.0001.

the SKH1 mice have thicker and structurally more compact integuments, i.e., the 10TS could not destroy the barrier function to
the same degree, as in the C57BL/6J animals.

In Vitro Permeation Test
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Cmax

er, comparable absorption characteristics could not be found in the ear tissues (Figure 4 C), where the C57BL/6J and SKH1 sam-

process, therefore some hairs remained on the surface, which might interfere with the transdermal penetration. For a compari-
son of the three anatomical regions: abdominal, dorsal, and auricular skins, in the same plots, see S3 Figure.

Discussion

tological and pharmaceutical research [11]. As ex vivo studies are frequently conducted in excised rodent skins, this article fo-
cused on the comparative dermatological analysis of the skin of hairy C57BL/6J and hairless SKH1 mice.

found that  blood counts,  immunoglobulin levels,  and CD4+ and CD8+ T cells  were  comparable  between the  SKH1 and the

gene oxime,  a  chemical  weapon [36].  Konger et  al.  compared the acute UV-induced photoresponse between the SKH1 mice

and an immunocompetent, hairless, albino C57BL/6J congenic mouse line [B6.Cg-Tyrc-2JHrhr/J] [37]. Histologically, the skin
of the congenic mice was indistinguishable from that of SKH1 mice. All the mice exhibited a reduction in hypodermal adipose
tissue, epidermal thickening, the presence of utricles and dermal cystic structures, and dermal granulomas. However, the con-
genic C57BL/6 mice exhibited a more robust delayed sunburn reaction, with an increase in epidermal erosion, scab formation,
myeloperoxidase activity, and aberrant proliferative response, suggesting that the congenic mice are more suitable for photobi-
ology experiments [37].

As discussed above, there are literature data on the immunological comparison of C57BL/6 and SKH1 mice, however, the der-

depths. Finally,  the functionality of the barrier,  by measurement of transepidermal water loss and in vitro permeability assay
were conducted.

Regarding the physical parameters, similar changes were observed in SKH1 nude mouse skin as have been described in other

studies revealed that athymic, macroscopically nude mice are not completely hairless, but have about the same number of hair

mice  in  our  study  as  well.  Observing  the  hematoxylin-eosin-stained  samples,  several  morphological  degenerations  could  be
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seen in the nude mouse skin, including the presence of utriculi, degenerative sebaceous glands at the hair follicles, and large der-
mal cysts. Similar to our results, Massironi et al. found cystic formations (i.e. utricles) and dermal cysts in the mutant hairless

and the mast cells and macrophages positive for HAM 56 antibodies were also observed in both mouse strains [39].

As  for  the  chemical  composition of  the  epidermis,  it  can be  concluded,  that  the  surface  layers  of  the  hairy  mouse skin were

were higher in C57BL/6J mice indicating a more balanced milieu in the hairy mouse skin; while the NMF components were
more abundant in SKH1 mouse epidermis. As the defending function of the hair against dehydration is not present in nude
mice, the higher level of moisturizing factors performs this protection in the viable epidermis.

In  vitro  permeation  tests  are  commonly  used  to  evaluate  the  transdermal  penetration  of  topical/transdermal  dermatological
products. Permeability is an indicator of barrier function, therefore in this study the absorption of a drug containing cream for-

cological products and also it is a hydrophilic model compound. Its pharmakokinetic properties are well-characterized [40] as

man epidermis [28, 41, 42]. Higher penetration rate on the C57BL/6J mouse skin was observed in the current study, which is in
correspondence with the previous results  on skin thickness,  SEM, and TEWL measurements.  Moreover,  the hydrophilic  caf-
feine permeates the skin partly in transappendageal route, via the hair follicles,[43] which are degenerative in SKH1 mice.

makes possible to reach the detection limit of the bioanalytical method and to determine the frequently very low drug concen-
trations in the subcutis.

Conclusions

In summary, based on the results, it can be concluded that the defensive role of the dermal barrier of SKH1 mice is more promi-

permeability of the skin of SKH1 mice.

Overall,  before selecting a mouse strain for skin research (e.g. for dermatological studies, or for pharmaceutical development
and  for  translational  pharmacological  investigations),  the  physico-chemical  properties  of  the  topical/transdermal  test  subs-
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C57BL/6J  mice.  Earlier  some dermatological  disease  models  (psoriasis,  allergic  contact  dermatitis,  wound healing)  were  also

e

and comparing dermatological studies in rodents and reveal the high potential of utilization of these strains in pharmaceutical
developments.
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S1 Figure: 
(B,D,F,H,J,L) in SKH1 mice, measured by confocal Raman spectroscopy
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S2 Figure: 
by confocal Raman spectroscopy
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S3 Figure: 
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