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INTRODUCTION

Dermatology is an extremely important field, as the skin of humans and animals plays a life-

RESULTS

Table 1 presents mean (£SD) Yucatan skin component thickness measurements by biopsy site,
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DISCUSSION

It is well-recognized that skin thickness varies from one body region to another, and the density of

) i Lo . i ) ) . . . . . Neck Male (1 cas) N=3 A 6.5 mo 91.47 4455.13 0.021 0.979
sparing, protective role. The skin is the largest organ of the body and is metabolically active. Itis ~ gender, and age category. Table 2 presents full-thickness Yucatan epidermis and full-thickness skin Neck Male (cas) N=3 B 22.2-24 mo 91.14 3956.31 0.024 0977 hair follicles varies greatly by region. The Yucatan miniature swine is no exception. Full-thickness
constantly shedding and regenerating. Skin from various regions of the body may vary calculations and skin component relative ratios (percentages) of these two total thickness estimates Neck Male (cas) N=1 C 36.5mo 69.59 5666.32 0.012 0.988 skin includes the strateum corneum, cellular epidermis, and dermis. The dermis makes up the
. . . . . : . . . .. . . . . L : Neck Mal N=1 D 10.3 134.15 3891.46 0.036 0.966 ’ ’
morphologically, including in physical thickness. Dermatological studies in miniature swine provide (epidermal, total skin). Minimum and maximum observed (range) values for all parameters Nook Fae;;fzz)N=4 = S 67 12 1401 18 0.05 0.952 maijority of the thickness of Yucatan skin (92% to 99%). The Yucatan epidermis (strateum corneum
a unique opportunity for risk assessment because of demonstrated similarities to human cutaneous measured are presented in Table 3. Gendgr, age, and. body-reglon-specmc means (L_IM), .i SDs, Neck Females N=3 F 4-5.4 mo 95.53 3545.7 0.028 0.973 plus cellular epidermis) makes up 1.0% to 8.0% of full-thickness skin. The full-thickness epidermis
anatomy, biochemistry, and physiology. The Yucatan is a popular miniature swine often used in ~ and observed ranges are presented for five inter-follicular skin components (dermis thickness, ey ME;’T?'?ZS“)'EZ PO hsgas o a0 0026 gty ranged from 62.36 micrometers (uM) on a 10.3-month-old castrate male flank to 134.15 microns on
biomedical research today. Yucatan skin is slate grey-black in color, slightly or moderately  stratum corneum thickness, cellular epidermis thickness, number epidermal cell layers, and hair Back Male (cas) N=3 B 22.2-24 mo 99.18 4442.37 0.023 0.978 the neck of the same castrate male. Group mean full-thickness skin ranged from 955.83 microns
pigmented, and contains a sparse haircoat (sometimes called the Mexican hairless miniature count). Back Male (cas) N=1 C 36.5 mo 94.51 4904.13 0.02 0.981 (M) (0.95 mm) on the back of 3.5-week-old females to 5,666.32 microns (uM) (5.6 mm) on the
swine). The physical thickness of miniature swine skin may impact drug absorption during in vivo or EZEi M;;;;T:?N“:j [E) 13(,)_ :VTkO 19011_;1396 31521595_871 00_50739 332 neck of a 10.3-month-old castrate male. Cellular epidermis ranged from 32.80 (abdomen) to 140.93
ex vivo studies, or affect wound healing or phototoxicity studies. Therefore, a good understanding Table 1. Yucatan Miniature Swine Skin Component Thickness and Counts Back Females N=3 F 4-5.4mo 110.4 3614.34 0.032 0.969 (flank) microns (uM). Strateum corneum ranged from 6.23 (abdomen) to 88.13 (neck) microns
of the relative dimensions of each major skin application or collection site is indicated. This study of P—— Dermis | Cellular | Stratum # of Hair o~ M;‘;“;j"j:s“)';i , PO e o520 o o (MM). The dermis ranged from 587.29 (abdomen) to 6,741.67 (neck) microns (uM).
Yucatan skin was undertaken to better document this area to give researchers more information (M) RO | (S | ISR E] S (e _ ' ' ' ' '
. . = ) > < . e . . ) (uM) Cell Layers* Flank Male (cas) N=3 B 22.2-24 mo 98.63 4089.56 0.025 0.976
about the skin thickness of miniature swine. Few citations on porcine or miniature swine skin Mean 4363.66 65.1 6,38 433 7 Flank Male (cas) N=1 C 36.5 mo 90.15 5099.06 0.018 0.982 The thick £ the h I (strat ) infl h <t £ the skin t
- - - o Neck Males (1 cas) N=3 A 5-6.5mo ' : : ' Flank Male (cas) N=1 D 10.3 mo 62.36 3676.6 0.017 0.983 e thickness of the horny layer (strateum corneum) influences the resistance of the skin to
-+ D V4 15. . .82 .
thlc?kness exist. Eggleston et aI.. (ZOQO) reported mean = SD thickness of the .Yucatan.mlnlature Mian 322217 62 ?2 2585968 0484 : e 2o = = N e e o S hysical and chemical trauma [McGrath et al., 2004], and potentially to transdermal drug deliver
swine flank, and dorsal neck epidermis were 68 = 34 and 68 % -25 uM, respectively. Thickness of Neck Males (cas) N=3 B 22.2-24 mo o on Be 608 551 063 1 Flank Females N=3 F 4-5.4 mo 82.48 278133 0.031 0.97 pny : > 4 ) Hally _ g Very.
the Yucatan miniature swine skin were closely comparable to the thickness of human epidermis ) Mean 5506.73 47.48 2211 s 1 Flank Females N=3 G 89103mo 98 3453.12 0.029 0972 The thickness of the strateum corneum and epidermis plays a significant role in the absorption of
from the face (68 + 26 uM), neck (65% 24 uM) and arms (68 = 21 uM). The domestic Yorkshire Neck Male (cas) N=1 c 36.5mo SD 836.28 4.82 278 0.71 | Abdomen Male (1 cas) N=3 A 6.5 mo 108.31 3391.61 0.033 0.968 percutaneous applied drugs, as the near-surface vascular supply underlies the epidermis between
- ’ - - . Abdomen Male (cas) N=3 B 22.2-24 mo 88.92 2371.94 0.039 0.963 . . . . . . .
. . . . . . . M 757.31 7.7 . 4,
epidermis from seven sites was not as thick (Eggleston et al., 2000). Monteiro-Riviere et al. (1990) Neck Male (cas) N=1 D -2 e 5 1o 05 Eln i) 084 ° Abdomen Male (cas) N=1 c 36.5 mo 103.91 2751.05 0.039 0.962 the epidermal rete pegs (downward invaginations) in the uppermost dermis. The thickness of the
reported back skin components of the domestic Yorkshire swine, including a 12.28 = 0.72 uyM Neck Fomalos Ned . 5.5 wi Mean 1334.06 54.15 12.97 5.15 19 Abdomen Ma'ze(f:]“?s) E:ttezzcept 5 10.3 mo 60.55 N/A N/A N/A derm|§ may also have an impact on dermal absorption, as t_he dermis depths contains hair follicles,
strateum corneum, 51.89 = 1.49 uyM cellular epidermis, and 3.94 £0.13 epidermal cell layers. Mizn ;48;66127 ;2421(7; 2465027 05-943 2 Abdomen Females N=4 E 3.5 wk 85.32 1105.7 0.084 0.923 apocrine sweat glands, and the subcutaneous layer (adipose, blood vessels, nerves, and the
Grabau et al. (1995) reported on a laboratory histological survey of research animal skin thickness, Neck Females N=3 F 4-5.4 mo SD 643,58 13,08 581 063 ) Qsjomen llzema:es E=2 g 84;513;710 :§; ; szgg; 8822 gggg beginnings of skeletal muscle).
. . . . . . . g omen emales N= 9J-1U0.0 mo . . . .
including a mixed breed domestic farm pig. This study will add additional standard Yucatan N e N = LG Mggn fifggg i:ig 322 0582 (7) Rump Males N=2 H 5 mo 109 43 2811.97 0.04 0.961
miniature swine data to the research database. ok iales (1 ca) N . o5 Mean 4468.01 77.89 24.86 5.2 3 *Strateum corneum plus cellular epidermis = Epidermis thickness **Epidermis plus dermis = Skin thickness The skin of the younger animals was thinner and that of older animals thicker, as expected. The
| MSD ;;193-1189 ;;;2 3251; 04824 : abdominal skin was the thinnest of the four primary sites evaluated, primarily due to reduced
ean . . . . . . . . . .
Back Males (cas) N=3 B 222-24mo = TNE v T R ’ thickness of the dermis. The rump skin was thinner than the back for both animals tested. This
MATERIALS AND METHODS Back Male (cas) N=1 c 6.5 o Mean 480962 67.8 26.71 3.8 2 e Pl Relrte Fi e e R L e A Ll —— rprm ey TedUCtiON in rump thickness was also due primarily to a decrease in the dermis thickness for the
i SD 250.21 7.42 8.08 0.45 . . . . . i
. - e e ot om0 e zome ooy [ AR e e e e of s ol s v o Ut seen e
Eight-millimeter punch biopsies of Yucatan miniature swine skin from freshly sacrificed animals SD 216.39 9.47 4.02 0.55 - Mook T A 65 Min 3298.86 50.26 17.96 3 7 g g ' 9
. . . . . M 1164.2 77.77 13.72 5.45 21 - o I I i i i i
were collected, placed into cassettes, and fixed in 10% neutral buffered formalin (Protocol formalin, Back Females N=4 E 3.5 wk e e — — — -~ e 57.99 : I 0.5024 sq cm) round biopsy plug of skin. The female gender had readily evident thinner dermis and
Fisher Diagnostic). Body surface sites evaluated for 18 animals included: neck, back, flank, and ) Mean 3503.94 87.37 23.03 46 3 Neck Male (cas) N=3 B 22.2-24 mo skin from examination of the data. The small sample sizes for some groups, and the variations in
: : : : : Back Females N=3 £ 4-5.4mo sD 1145.7 20.39 9.03 0.83 3 — 2 = == : - ages, could account for a lack of other differences
abdomen for all animals except two five-month-old intact males, which also had rump skin — vy — — — - Neck D — c 36.5 o Min 4648.91 42.97 18.54 3 1 ges, :
collected. Samples were cored down to the hypodermis (fat layer) by gentle turning of the Back Females N=3 G 89-103mo b 4233 24 96 612 0.99 ’ ':\"Af‘: 2;;‘;2; gjgj 2223 2 -
disposable punch biopsy device, eight millimeters in diameter (Miltex, York, PA), then elevating and Flank . A 565 mo Mean 3872.94 59.59 47.3 4.4 3 Neck Male (cas) N=1 P 10:3mo Max  3960.42 76.6 88.13 6 .
. . . . i SD 415.12 15.96 9.61 0.89 . f
snipping the nderlying fat layer. The subcutaneous fat layer (hypodermis) was not measured. Both _ e T e o[ remmmret e asw M owss s s e COMPARISON TO HUMAN AND YORKSHIRE SWINE
genders were represented. Ages varied depending upon availability, but in general ranged from 5.0 Flank Males (cas) N=3 o SD 391.6 8.34 5.81 0.35 0 Min 9973 1 44.02 12,27 4 3
to 36.5 months (males) or 3.5 weeks to 10.3 months (females). From the 18 heads examined, _— Male (cas) N=1 o - M:;“ 28280:9 275 362-2926 0421 2 Neck Females N=3 F 4-5.4mo Max 5171.68 96.48 30.95 6 7
i ; ; : : : : : Mi 2758.67 57.39 8.5 4 7 . . . . . . .
sample data were pooled into age categories or groups. Skin samples were also collected from ear, . iele (ca6) et S - Mean 3614.24 48.41 13.95 3.6 3 Neck Females N=2 G 8.9-10.3 mo Vi 16306 10546 564 ) ; Human skin varies from 0.5 mm (500 microns) in the thinnest regions to 4 mm (4,000 microns) on
axillary, and inguinal areas, but will not be reported here. | = CEEL e e = - ok il (1 cas) N . e Min  3809.76 55.25 21 4 3 the palms and soles (Fridman, 2001). The skin thickness of the Yucatan miniature swine in this
ean . . . . - . . . .
: : : . Females N=3 E S5k Max 4734.14 108.83 48.47 6 12
The abdomen sample was taken approximately one to two inches anterior to the umbilicus on the Flank emales v SD 230.23 22,53 7.82 0.49 4 . " - ) oo Vi 3452 87 47 89 0381 3 0 study compared well to published values for humans. S_wmdle (20(_)8_) reported that Yucatan skin
. . . . . . = L~ m -
midline. The back or dorsum sample was anterior to the pelvis in the lumbar area off to one side of Flank Females N=3 F 4-5.4 mo Vean 299689 B3a7 1902 - - o O EEE ° Max 576075 99.01 59.92 5 2 was similar in thickness to human skin. Monteiro-Riviere and Riviere (1996) reported on the
the spinal column by about one to two inches. The neck sample was taken from the lateral side of . R S Mean 3355.12 726 25.4 48 3 Back Male (cas) N=1 c 36.5 mo L —— — - 2 thickness of weanling female 15-to-20-kg domestic Yorkshire skin. The Yorkshire dermis
. . an emales N= .9-1U.0 mo . . . .
the neck about one to two inches anterior to the scapula. The flank sample was collected from the SD 249.52 30.35 10.08 1.21 1 i ale (ca) N ] N Min  3203.23 64.58 17.27 3 7 component was generally thinner than that observed here in the Yucatan miniature swine, as well
. . . M 3072.99 61.8 65.3 6.2 3 - c -
caudal lateral flank three inches anterior to the rear leg. The rump skin was taken caudal to the Abdomen Male (1 cas) N=3 A 5-6.5 Mo o 0553 s e i R T 8953 28.26 : : as that published for humans. Human epidermal thickness reported by Sandby-Moller et al. (2003)
ilium, anterior to the ishium, and off to one side of the spinal axis. Aodomon ile (cas) N U V) 2283.02 53.37 35.55 42 0 Back Females N=4 E 3.5 wk —— e : — shows similarity to findings in our young adult Yucatan miniature swine.
MSD 2261467-6114 6854969 373;6982 0-541 1 Back Eemales No3 - 54 o Min 1895.92 56.17 11.58 3 0
. . . . . . A . . . ean . . . - o
Following adequate time for fixation, the hairs on the surface of the eight-millimeter-in-diameter skin Abdomen Male (cas) N=1 C 36.5 mo D o624 5 1 135 0.71 | '\,\’/'If‘: 22;‘;2‘1‘ 15361 éT ‘3‘;;2 j f CON C LU SlON S
punch biopsy specimen were counted under an Olympus SZH10 Zoom Stereo Microscope. o YED(EIN, i 0 Mean Not read 38.8 21.75 3.4 0 Back Females N=3 G 8.9-10.3 mo Max  4198.78 133.66 54.22 7 5
. . . . . . . omen exce ermis bloc .0 Mo :
The skin biopsy was trimmed, processed, embedded in paraffin, sectioned at 4 ym, and stained P issing S0 A 591 9 0.5 | Flank R A 6.5 mo Min  3419.29 39.12 16.67 4 3
. . . Max 4419.6 109.27 55 6 13
with hematoxylin and eosin (H&E). Abdomen Females N=4 E 3.5 wk Mean 1020.37 66 19.32 >-15 2 | Th ' ini ' in thi IS simi
= : Min 3429.74 37.93 35.49 3 2 ese data support the premise that young adult Yucatan miniature swine skin thickness is similar
SD 369.67 17.67 8.33 0.81 2 Flank Male (cas) N=3 B 22.2-24 mo . . . . . . . .
o _ Abdomen Fomales Nod - 454 o Mean 2343.19 66.75 15.36 4.47 1 Max abos:0 70.19 SIEC0 4 2 to human skin thickness. The differences in thickness for various Yucatan body sites is
Two microphotographs (one 20X and the other 40X) were taken from each skin blopsy_spemmen ) ' sD 722.45 11.03 3.56 0.64 1 el Male (cas) N=1 c 36.5 mo :A";f)‘( ‘5‘251;; gggf 3295_;’1 g 2 predominantly due to differences in dermis thickness, as the dermis makes up 92% to 98% of full-
by using an Olympus DP70 digital camera mounted on an Olympus BX41 microscope. Abdomen Females N=3 G 8.9-10.3 mo m:: 2(7)(1)221 8661.;362 g;:(j 45.§37 81.5 L el (e 5 103 ma Min 3484.49 44.12 11.22 3 3 thickness skin. Across the 18 individual animals and all biopsy sites, the dermis averaged 3,305.33
Five thickness measurements of the stratum corneum (s.c.), cellular epidermis, and dermis were Rump Males N=2 H 5mo SD 287.05 19.22 6.43 0.82 4.9 ':\"A?: 3677233-3167 3574-751 1166358 ;‘ : uM, the cellular epidermis 69.34 uM, and the strateum corneum 29.10 uM. Observed minimum and
randomly taken. All measurements were dlgltally calculated using an |mage—analyzmg system :Ckell layerskpfe_ficllcermis;h**hqirsIevic(ljent on sucrifa/:e of 8mm (50.24 sq n;nzjo(;l%S())cZ;l sq cnlv\)l biOpS};pléngh.DMa1leA(ch)F=&cgstr§teg; F;ve measlgremelng vlv\<laref Flank Females N=3 E 3.5 wk Max 1421'_45 82:18 21:6 5 14 maximum values for measured components included dermis (58729 ”M’ 6,741.67 “M)’ cellular
. . . ' H H aKen per SKin Site 1or eacn animal and averaged. Age group averages inciude e rollowing N animals: =1, A, b, =9, £ =4, rump SKin Inciluae o . . . .
(Olympus MicroSuite TM Basic EdItIOn) and were represented as micrometers (IJM’ mlcrons). 2 intact males. Animal #1289 (female, 10.3 mons) was missing neck block and #2052 missing flank samples; animal #1291 (male castrate, 10.3 mons) abdomen Flank Females N=3 F 4-5.4 mo II\\/I/Im 22;254 gzg; 2968846 ? 2 ep|derm|s (3280 IJM, 140.93 “M), and strateum corneum (623 “M; 88.13 UM) Rump skin was
erlgggcgeadlng was not performed due to lower tissue disruption. Animal #1289 was OVXed; Animals #12913 & #1289 were acute Type 1 alloxan-induced M?: 2977:4513 34:92 12:45 5 ) thinner than baCk Skin fOf' the tWO Samples analyzed. Female Skin was thinner than Castrate male
The thickness of the dermis was measured on the 20X microphotographs. The epidermis and Flank Females N=3 G 8.910.3 mo Max  3740.91 140.93 40.24 7 4 skin. Abdomen skin was generally thinner than the other sites evaluated. The cellular epidermis
stratum corneum were measured on the 40X microphotographs. o : Abdomen  Male (1 cas) N=3 A 6.5 mo I 224034 S I : : number of cell layers varied from three to seven layers (mean 4.64 layers) and the trichogram from
A ) et TEB1.25 i e i1 ax . o . . . . .
_ _ _ _ R b R SR e Min 1685.41 36.73 24.17 4 0 0 to 39 hairs (mean 5.27 hairs), counted per 50.24 sq mm (8 mm diameter biopsy punch). Future
The number of cell layers was estimated for the cellular epidermis (excluding the s.c.). Abdomen Male (cas) N=3 B 22.2-24 mo Max 2604.82 69.6 46.69 5 1 efforts will include skin thickness measurements of other body sites.
Full-thickness epidermis and full-thickness skin calculations were performed by adding the strateum b R Abdomen Male (cas) N=1 c 36.5 mo I\I\//II;r)l( ;:;?gi f;; 5152 2?152 g 1
. . . . . . - 4 B P Sy . . . .
corneu:_n ?nd cellular epidermis values, and the full-thickness epidermis and dermis values, A ot Aodoen | Male (cas)N=1,except 03m Mn  NoBlock 328 20.23 3 1 REFERENCES
respectively. YO ol Aam &35 5 4 dermis not read ' Max No Block 41.01 25.04 4 1
o) . R _ | Abdomen Females N=4 E 3.5 wk I\I\AA;F; 1588677.2596 13031'8;4 2222 g g 1. Eggleston TA, Roach WP, Mitchell MA, Smith K, Oler D, Johnson TE. Comparison of two porcine (Sus scrofa domestica) skin models for in vivo
] : : : i X N R o _ : ' : near-infrared laser exposure. Comp Med. 2000 Aug;50(4):391-7.
Th.e fIV? readlngs for each skin Category (Strateum corneum, epldermls less s.c. [ceIIuIar % R G ANT N Abdomen Females N=3 F 4-5.4 mo i il Deto Al 4 L 2. Monteiro-Riviere NA, Bristol DG, Manning TO et al. 1990. Interspecies and interregional analysis of the comparative histologic thickness and laser
epidermis], dermis) were averaged (£SD) for each gender and age group. Number of cell layers, = £ LA S (N Max 3656.93 87.16 24.42 6 2 Doppler blood flow measurements of five cutaneous sites in nine species. J. Invest. Dermatol. 95: 582-586.
. : : NG ¥ e P NG Min 1275.55 35.52 17.61 3 0 3. Grabau JH, Dong L, Mattie DR, Jepson GW, McDougal; JN. Comparison of Anatomical Characteristics of the Skin for Several Animal Species.
- —+ \ v G e 5 < =N . = .9-10. ’ gL, ’ P ’ gal, p P
?Balr q counts, ac?(g dfuII thickness .f.CalCUlatlo?.S KV/I?S +aSISDo rec(;ortged acr;d averaged (_iDcz- A T N e TS A\ B i SEE T Abdomen remales N=2 ¢ 59103 mo Max 292531 113.78 53.4 6 2 United States Air Force Armstrong Laboratory. AL/OE-TR-1995-0066, Wright-Patterson AFB, OH, December 1995.
enaer, age, an oday region specitic means (In yivi), o= S, and opbserved ranges were reporied. . - . . - . - - - - _ Min 2233.41 50.58 15.85 4 5 4. Olympus MicroSuiteTM Basic Edition, Olympus America, Inc., Melville, NY, 2002.
Figure 1. 40X image of Yucatan skin (H&E) illustrating Figure 2. 20X image of Yucatan skin (H&E) illustrating AU BB o Slule Max 3137.64 118.52 36.31 6 12 5. McGrath JA et al. Anatomy and Organization of the Human Skin. Chapter 3 In: Burns T. et al (eds), Rook’s Textbook of Dermatology, 7th Ed.,

Relative ratios of cellular epidermis and dermis to full-thickness measurements were performed. five random measurements of cellular epidermal
Data were compared to published measurements of adult human and domestic Yorkshire skin, thickness, with overlying strateum corneum, also a

illustrating similarities or differences. component of the epidermis, and underlying pink,
eosinophilic dermis containing abundant collagen and

vascular supply.

five random measurements of dermis, with overlying
epidermis and strateum corneum, and underlying
hypodermal fat.
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