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Fiqure 1: Guinea pig skin exposure sites (dorsal view).

Fipmre 2: Groes skin lesions in haired (A) vs. nairless (B)
gtﬁ:mplgsuhmrs.\fterexpostmetoOHOulofmlfur
mustard (HD).

Figure 3: Mean skin lesion size in haired vs. hairless guinea
pigs 24 hours after exposure to sulfur mustard (HD). :

_ Fioure 4: Mean skin lesicn size in haired vs. hairless'guima
pigs481u:rsafterexpos.:retosulmrmstard(l-m).

Figure 5: Median erythema/eschar scores in haired vs.
hairless quinea pigs 24 hours after exposure to sulfur
mstard(HD) ,

Figqure 6: Median erythema/eschar scores in haired vs.
hairlessguimapigswrnxrsaﬂ:ere:q:o&mtosnfur
mustard (HD).

Figure 7: Hedianadma/blistersccresinhairedvs. hairless
quinea pigs 24 hours after exposure to sulfur mustard (HD).

Ficqure 8: Ha:lianedana/blisterscorea in haired vs. hairlass
guinea pigs 48 hours after exposure to sulfur mustard (HD).

'Figure 9: Microblister in hairless guinea pig skin at 24 hours
after exposure to 0.2 ul of sulfur asustard (HD). Micxroblister
cavity (mc), epidermis (e), dermis (d), hair follicles (hf),
ard polynmﬁxzuclear cells (pm).

Pigars 102 @itlﬁnepcngsectimsﬂmx;hcmtersot ,
microblisters at the dermal-epidermal junction of hairless
guinea pig skin. A. Microblister cavity (mc) internugpted
by a hair follicle (hf). (330X) B. Microblister cavity

infiltrated with polymorphonuclear leukocytes (pmn) and filled

with cellular debris. The roof of the cavity is formed by
basal cells (bc) and suprabasal celis (skc) of the epiderm.s
with the floor formed by the bural iamina (bl) of the
dermis (d). (330X) BRumphrey's stain.

11: Trensmission electron micrographs of microblister
cavity formation at the dermal-epidermal junction of the
hairless guinea pig. A. At the perimeter of the blister
cavity, basal cells (bc) of the stratum germinativum show
progressive subcellular changes signalled by mxclear
condensation of chromatin (1c), blebbing of the perimiclear
envelope (pb), and paranuclear vacuolation (v). (12,000X)

B. Area at the perimeter showing disabling of anchoring
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filaments (af) of the basal cell hemidesmosames (hd). (30,000X)
C. The cavity, infiltrated with neutrophils (ne) and cellular
detritus, is demarcated by the basal lamina (bl) of the

dermis (d) and degenerating basal cells and supra basal cells
of the epidermis (epi). (9,000X) .

Figare 12: Scanning electron micrographs of the dermal-epidermal
junction of hairless quinea pig skin. A. Area of non-blistered
skin: epidermis (epi); dermis (d); keratin (k); and collagen
fibers (c). B. Area of microblister formation. Microblister
cavity is bordered by cells of the epidermis at the roof and

the basal lamina (bl) at the flcor.

Figqure 13: Higher magnification scanning electron micrographs
through centers of microblisters. A & B. The bourdaries ard
the three-dimensional nature of the blister cavities are
clearly visible. cCavities vary in size, up to 250 im in width
ard up to 80 im in height. lLegerd: ep_dermis (epi);

dermis (d); basal lamina (bl); and keratin (k).
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INTROCOCTICN

Research efforts at the USAMRICD to elucidate the mechanism of action,
develcp pretreatments and/or develops therapies for sulfur mustard (HD) skin
tmnc1tyhavebeenhanperedbythelackofasdtableexpenmeﬂtalanml
model. A literature review ard discussion with institute investigators

" revealed that there is not a definitive animal model that develops elevated

blisters/vesicles like those seen in human skin follcwing exposure to sulfur
mustard (HD). Re-epithelialized thermally burned guinea pig skin, bird skin,
dog mammary gland skin, frog skin, arﬁrabbltearsmhavebeenreportedto
form vesicles or vesicle-lika structures following applications of HD.7 Haire
guinea pigs have been used to stidy vesicant injury but blister formation has
not been reported.l Ithasbeenrecentlydemrstratedtbat}marﬁlmsne
form microblisters in swine.® Investigators working during World War II
spec.xlatedthatammals}undo&smtbhsterhkemmanskznbecauseof (1) th
increased mumber of hair follicles and/or hairs in animal skin, (2) the
decreasednmberofsaeatglarﬁsmanmalskm ard/or (3) the decreased
relative thickness of animal skin.’ It is currently thought that fluid-filled
blisters will not form unless (1) there is increased fluid
accumilation/pressure resultirg from the release of osmotically active tissue
breakdown products following tissue imjury; (2) the cormeum and dermal layers
are capable of retaining this fluid; and (3) there is a lack of intradermal
structures (i.e., hair roots and/or follicles) which would otherwise ent
the acaum:lated fluid from separating the dermis from the epidermis.® Euthymi

become commercially available, are bacically devoid of hair, have a thickened
epidermis when campared with normal haired guinea pigs, and have been shown tc
be equal, if not superior, to normal haired quinea pigs for contact sensitivit
testing in that they manifest more uniform and superficial skin lesions.®

This stidy was cunducted to evaluate the euthymic hairless guinea piy
[Cxl: IAF(HA)BR] asananinalmdelforl-ms)dntoxlcity campared to the normal

guinea pig [Crl: (HA)BR]

| EXPERIMENTAL DESIGHN:

Nineteen male quinea pigs (Bhaired&llhalrless)mredivmedintottme
experimental groups (see Table 1).

Groups I & II: Identical doses of neat HD were applied to the skin of
haired ard hairless quinea pigs in groups I & II. The exposed skin was
examined at 24 and 48 hours post-exposure respectively for the presence of

A charles River laboratories, Wilm‘ngton, MA 01887, U.S.A.
b tharles River laboratories, Wilmington, MA 01837, U.S.A.
1

hairless quinea pigs [Crl:IAF(HA)ER],2 a mutant strain that has only recently .



gross, microscopic, and ultrastructural pathology. The unexposed skin from
each animal served as the negative contrul.

Group ITI: Identical low doses of neat HD were applied to the skin of
hairless quinea pigs. The exposed skin was examined at 24 hours post-exposure
for the presence of gross, microscopic, and ultrastructural pathology.

TECHNICAL METHODS:

Animal Husbardry: Animals were maintained at 75-80° F. and 50% relative
humidity. They are on a 12-hour d'urnal light cycle. Food and water were
provided ad libitum. Animals were housed in individual polycarbonate shoe box
cages with wood shavings prior to exposure to HO. Animals were housed in wire
shoe bax cages lined with an absorbent plastic-backed paper pad in a chemical
fume hood during the post-exposure holding pericd.

Anesthesia/Analgesia: Guinea pigs were anesthetized with Ketamine HCIC
(30 my/kg) and Xylazmed (6 my/k3) during the exposure ard decontamination
phases of the experiment. 'meketammeaxﬁxylwmweremjectedseparately
into the left amd right lateral thigh muscles usmg tuberculin syringes and 26
gauge needles..

Methcds of Restraint: inneapigsweremamallymtrainedwhilethey
were being clipped and anesthetized. Anesthetized animals were secured with .
adhesive tape to a restraining board in sternal recumbency for the exposure and
decontamination phases of the experiment.

Surgical Procedures: None.

Animal Preparation: On the day before the quinea pigs were scheduled to
" be dosed with HC, all animals were assigned an identification mumber and

mghedtothenear&stgram. Ihe backs of the haired guinea pigs were clipped
with a #40 cllpper blade® and wiped down with isopropyl alcchol. The backs of
the hairless guinea pigs were also wiped with isopropyl alcohol. On the day of
D exposure the animals were anesthetized, exposure site reference points were
markedmtheskinmthablackﬂaazpleTpemanentnarker and the animals were

€ vetalarl, 100 my/ml. Parke-Davis, Division of Warner-Lambert Company,
Morris Plains, NJ 07950, U.S.A.

a Pampun®, 20 mg/ml. Mobay Corporation, Animal Health Divismn, Shawnee,
Ks 66201, U.S.A.

2 osterT Golden A-5 Clipper. Oster Professional Products Department,
Milwaukee, WI 53217, U.S.A. |




cwered with a fenestrated (5 cm x 12 am) plastic barrier drapeftaped in place
so that only exposure sites on the animal backs remained exposed. The 8
exposure sites per animal were arranged in two parallel rows that were 1 cm to
theleftamngmtofthedozsalmidlineaxﬂhadzanspacirgbetweens:.t&
(sea Fig. 1).

. HD Dosing: All HD dosing, post-exposure handling, and decontamination of
animals and materials were performed IAW USAMRICD SCP No. 88-180-DA-13.
"Qutaneous Applications of Sulfur Mustard (HD) on Guinea Pigs." Neat
(liquid) HD was applied to the skin with either a 1.0 ul9 or a 100 ulb syringe.
Groups I & II animals had 4 doses of HD (0.5, 1.0, 2.0, & 4.0 ul) applied to
the4exposm:esitesmﬂ1eleftsideofthedozsalmidline (1
site/dose/animal) amd no agent applied to the four (4) contralateral negative
cantrol sites to the right of the dorsal widline. Group 1II animals had 4
doses of agent (0.05, 0.1, 0.2, & 0.4 ul) applied to the all 8 exposure sites
(2 sites/dose/animal). The doses of HD were systematically rotated among the
skin exposure sites to control for differences in skin thickness for all groups
(see Table 2). The HD was allowed to remain in contact with the skin for 30
mimutes for all groups. Following the 30 mimite HD skin exposure the animals
were placed in holding cages in the hood, allowed to recover from aresthecia,
ard held for 24 or 48 hours. Sample HD dosing worksheets are attached as
Apperdix A. : _ ,

Buthanasia: Ammlsmraeuﬂmanatizedattheerﬂoftheu or 48 hour
post-exposure hold.l.rg period with a halot.aane’ overdose. *

Scoring of Gross lesions: All sites ue:e scored for lesion diameter,
erythema and/or eschar (E/E) formation, and edema and/or blister (E/B)
formation at either 24 hours (Groups I & III) or481mrs (Gn:upII) using a
modified methéd for testing primary irritant substances.ll The lesion diameter
was measured to the nearest millimeter (mm) frcmthemtemnstedgeofvismle
erythema. The lesion 'size for irrequlaily shaped lesions was the average of
that lesion's largest and shortest dimension. The degree of E/E and E/B
formtimmssooredmasczaleoto-«t Sample gross lesion worksheets cre
attached as Appendix B.

Light Microscopy: Following euthanasia and: scoring of gross lesions the
skin on the backs of the animals was excised using a #15 scalpel blade, taking -
camtozmltxharﬂmttotrdtmtlzeallsskmsitas/anml The skin

f aM steri- DrapeT Style No. 102C. M Ocnpany Medlcal Pmducts Division,
St. Paul, MN 55119, U.S.A.

9 HamiltonT Model 700IN Microliter Syringe. Hamilton Company, Reno, NV
89502, U.S.A.

N HamiltonT Model 710N Microliter Syriige. Hamilton Corpany, Reno, NV
89502, U.S.A.- '

i Halothane, U.S.P. Halocarbon laboratories, Inc., Hackensack, NJ 07601,
U.S.A.



specimeng were immersed in a 4% formaldehyde:1% glutaraldehydss (4CF:1G)
fixative® for 2-3 hours. The lesions were then cut in half ard the lateral 1/2
of each skin site was placed in 10% reutral buffered formalin (NBF) for at
least 24 hours prior to trimming and processing the tissue for examination by
light microscopy.  The remaining medial 1/2 of each skin site was kept in
4CF:1G for electron microscopy (EM). All NBF fixed tissue specimens were
embedded in glycol methacrylate (epon plastic) or paraffin, ait into 4
micrameter (ur) thick sections, and stained with hematoxylin and eosin (H&E)
using standard histology techniques. The extent of coagulative necrosis and
the presence or absence of pathologic charges were scored for each specimen
using the sample histopathologv worksheet attached as Apperxiix C. The scoring
of the lesions and the selection of tissue specimens for EM were done without
knowledge of the dose of HD that had been applied (i.e., a '"blind" control).

Electron Microscopy: Four skii: specimens’ fram skin exposure sites showing
the best vesicle/cleft formation an light microscopy were submitted for
scaming arxd transmissior EM. Areas examined included centers of blisters and
junctions of blistered and adiacent nonblistered skin. The 4CF:1G fixed
tissues selected for transmission EM were transferred to a fresh solution of
4CF:1G and heid at 4° C. for at least 48 hours. The tissues were then washed
in buffer, post-fixed in 1% buffered osmium tetroxide, dehydrated in graded
ethanols, embedded in epoxy resin, cut into 1 im semithin sections, stained
with Humphrey's stain® and examined by light microscopy to select appropriate
areas for thin section analysis. Areas identified were cut into 1,000 A thin
sections and counterstained with lead citrate ard uranyl acetate. Tissues
selected for scamming EM were washed in huffer, dehydrated in graded ethanols,
critical point dried, and sputter-coated with gold-palladium.

Data Analysis: The average lesion size, erythema/eschar score, and
edema/blister score for each HD dose ard cbeervation time in the hairless
guinea pig were campared to the correspondiyg haired counterpart. ILesion size
data was analyzed using the Student's t-test (Hy: gy = Uy a = 0.05;

Af = ny + ny - 2).2 Ezyﬂma/wdlararﬂcienaéblisterdatawasanalyzedusirq
the Mann—¥hitney Test (Hy: My = My; a = 0.05). '

RESULIS
CLINICAL OBSERVATIONS:

All animals tolerated the anesthetic regimen and restraint without
camplications. The hairless guinsa pigs appeared to be much more sensitive to
the HD than were the haired gquinea pigs as evidenced by *he markedly visible
erythema which developed within 7-30 mimutes following the application of ID.
The application of nezt HD to the skin also appeared to cause same degree of
pruritus because mumercus Gromp I & II animals scratihed at the exposure sites
within 3-5 hours following the application of HD to the point of causing self-
inflicted breaks in the skin which camplicated the scoring of gross lesions at

the end of the 24 and 48 hour post-exposure holding pericds. To alleviate
this apoarent pruritus and to minimize self-inflicted trauma, Group III animals



mivadasecaﬂdoseotketmmmdxylazimsrnmfonadngmm
challenge.

GROGS PATHOLOGY :

All skin exposures to #D resulted in groes skin lesions ocmistinq of
well-defined, ‘rreqularly shapad, and moderately elevatad areas of swalling and
erythema, whereas none of the negative control akin sites dsveloped lesions
(see Figure 2). At 24 hours post-exposure the size of the skin lesicns ranged
fram 0~14 mm in haired animals and from 2-22 ma in hairless animals. At 48
hours post-exposure the size of the skin lesicns ranged from 5-16 mm in haired
animals and from 8-24 mm in hairless animals. The lesion diameter increased
with both dose and/or time in hoth the haired and hairless quinea pigs with the
hairless quinea pigs having significantly larger lesions at corresporxiing doses
at 24 hours post-exposure. There was no statistically significant difference
in lesion size bstween the haired and hairless quinez pigs for any of the doses

. at 48 hours post-exposura (see Tables 3-4 £ Fi;coms J=4). ™he

crytrm/esdnrncotmaturnmpmt-mcpmmmnra ‘rom 0=-4 in haired
animals anxd from 1-4 in hairless animals. At 48 hours post-exgosure the
erythema/eachar scores ranged from 1-4 in haired animals and from 2-4 in
ha‘rless animals. In haired quinea pigs, scab formation ocourred in 31.25% of
ths exposure sites at the 0.5-4.0 ul HD dwage level. In hairless animals,
scab formation ocourred in %$9.38% of the egooure sites at the 0.%-4.0 ul HD
dosage level and in 58,33% of the exposure sites at the 0.05~0.4 ul HD desage
level. The erythema/eachar scores irncreased s” {ghtly or not at all with
increaces in dose ard/or time in both the haird amd hairless quinea pigs with
the hairless quinea pigs having slightly highs  scores at corresponding ccse
and timm points (see Tables 3-4 ard Figures 5~6). The sdema/blister scores at
24 hours post-edposure rmnoged from 0-2 in haired animals and from 0-3 in
hairless animals., At 48 hours post-wgosure the edema/bl ister scores ranged
frem 1-2 in haired animls and from 1-3 in hairless animmla. ‘The edemn/blister
scures increased slightly or et at all with increases in dose and/or time in
both the hairmd ard hairless quinea pigs with the hairless quinea pigs having
slightly higher scores at cnxmmd.mq doss x1 time points (sea Tables 3-4
ard Figures 7-8).

LIGHT MICPOGCORY ¢

All skin exprmures to HD resulted in skin lesions. The skin lesions
typically consisted of coagulation necroeis of the epidermis ard sagperticial
dormis wherever HD had direct skin contact. The width of the necrotic arwan
(0.5-2.0 cm) was directly proportiomal to the dome of HD. Histologically, the
necrosis inmvolved the entirs thickowss of the epidermis and extended into the
sperficial dermal collagen ({.e., a total depth of 1-2 mm). Haired cquinea
pig skin reacted leas severely to {dentical doees of HD. Micruoblisters and
less severe inflammatory changes devalicped within the epidermis xtacart to the
coaqulation necrosis with microblister formation being more prevalent at lower
HD domes. The morphologic changes ssen in these areas conaistsd of ballooning
degeroration and separation of basilar calls from adjaomt cells and/or
wderlying dermis (see rigure 9). Clustars of nmstrorhils were somwt imes
present within the e dermis and often present in varyingy mumbers within the

S



microblisters. Nortrophils were presant in low numoers and ware widely ,
scattered thraughout the dermal collagan. Collagen bundles subjacont to the
site of application were usially mildly separated by edema fluid, and there
ware occasional mmall foci cf hemorrhage present in soms sections. Hair
follicles camonly exhibhited epithelial necrosis at their basss but not alorg
the ront sheaths. There was a moderate increase in numbers of nsutnxyphils
infiltrating the dermis in animals 48 hours post-exposure, as ocxpared to 24
hours post-egosure, but other parameters remained essentially the sane.

ELECTRON MICROGCOPY ¢ .

Tha 4 tissus specimens demywtrating the best exxurples of cleft/vesicle
formtion on light microscopy ware from hairless quinea pigs sacrificed at 24
haos post-exposure and exposed to 0.1, 0.2, 1.0, amd 2.0 ul of HD
respectively. Semi-thin section amalysis revealed the presence of
microblisters at the dermal-epidersal junction (ses Figure 10). The floor of
the blistar cavity was formed by an intact basal lamina in scme cases ard by
remnants of a disnptad basal lamina in others. The upper boumdary of the
cavity was largaly farmed by plassalesmn of intact basal cslls of the stratum
germinativim or by callular dabris of necrotic basal and sygpra-tasal cells of
the epidernis. Blister cavities were heavily infiltrated with inflammatory
cslls, recognized as neutrophils and macrophages, as was ‘the urderlying
dermis. In most cases, ~avities appeared to be internygpted by hair follicles
which acted as lateral anchoring desercatic) points, while in others, cavities
formed above follicles with foliicular cells forming part of the floor of the
blister., Blisters varisd in size, up to 2% m in vidth amd @p to 80 um in
height. Farly degererative changes of tha basal cell, signalled by paranmuclear
vacuolation ard pylncsis, were most evident at the site of junction betwsen
normal and blistered skin. Ultrastructural fsetures of the lesion by thine |
section amalysis showed the total imolvemsnt of basal cells from essertially
normal fine-structire at the perimetar of the blistar to cosplets degermration
ami necrosis at the centers of the hlister (mes Figure 11), This progreasion
included perinuclear blebbing, plassalesmsl defects, pararuclear vacuolation,
coalescing cytoplasmic vasucles, pylowotic mxclei, lipid inclusions, lysosomal
activity aml elactron opacity of crgarmlles. Supra-basal cells of the
opidermis were alan irvolved to varying degrees espacially in central regions
of the blister caviiy where bssal calls ware cmpletaly degareratsad. Irwvading
netrephils and macrophacms, actively phagocytizing degenerating basal ocells
and other osllular debris were in abwrxdiance within cavities. Basal lamirse
were diangted ad frayed with loosensd fibers extendting into the hlistar
cavity, Hemidesmomcones, intact at the psrimetar of the cavity, ware

' intermxted at the site of the blister with anchoring filaments disabled and

frea from thrir attachments to the basal lamina. Within the dermis proper,
thare wes evidence of edema with laroe displacements of oollagen burdlies

surrounding congestsd cspillaries.  Scamning EM showed to advantage ard
precision the extert, juncticws, bourdaries, amd location of the blister
cavities (son Figures 12-13). The three—disssional mature of the blister,

realized only through eoarning EM, was useful in determining the relative rolae
of hair follicles in demarcating the limits of some cavities and vas especially
informative as to the relative size of the blisters.




DISQUSSTON AND  CONCIUSTONG

The results of this study imdicata that the hairless gquinea pig is
superior to the haired gquinea pig as an animal model for studying HD-induced
skin lesions. The hairless quinea pig skin was more sensitive to HD than was
haired quinea pig skin at correspording dose and time points. This increased
sensitivity may be due to (1) the hair stubble cn the haired animals acting as
a physical barrier or (2) fundamental anatamical, biochemical, or immunological
differences. There are axivantages of the hair).ess guinea piq' (1) no
shaving/clipping is required; (2) lower doses of HD can be used; (3) the:
resulting groes lesions are more readily visible and easily scored: and (4)
the histopathologic lesions were more uniform and contained a higher incidence
of microblister formation. A disadvantage of the hairless quinma pig is that
they cost 60-70% more per animal.

To properly interpret the gross lesicn data it is important to note that
neat HD at a constant concentration was used for all exposures and that the
. delivered doss of HD to the skin was controlled by varying the voluma of the
droplet that was applied to the skin rather than by varying the concentration
of HD in a fixed volume. This eplains why we saw large increases in lesion -
diameters and basically no increases in E/E or E/B ascores witn increases in -
- domes of HD on the same animal. lesion diameter was directly proportional to
the size/volume of tha droplet of neat HD (i.e., the larger the droplet -+ the
larger the area of exposed skin =+ the larger the resulting lesion).
Corversely, the erythema/eachar and edema/blister scores which measure the
-severity of a lesion are functions of the dose per unit area which was
miallythmtorallmdo-s(1...,mdnnqolnm,/\mitam-m
change in lesion severity).

The microscopic akin lesions cbserved in hairless ?Aim pig skin were
mmbl.mmmmpiqmmwm Both species
eohibitad histologic resporse to HD ranging from severe coagulation necmsis to
mild basal cell involvement and microblister formation.

The ultrastructural correlate- of this stixly are reminiscert of the
ultrastructural pathology of HD-irduced blistar formation in human skin
grafted onto athymic mxie mice.8 Although HD concentrations were not tha same,
the involvement of the basal cell, the location of the blister at the
epidermal-~dermal junction and the apparent disabling of the anchoring
filaments of the hemidesmoscmes are unermivocal. A persistent difference
betwaen the two studies is the pronounced irfiltration of inflammatory cells in
thisstuiy which although noted within the previous study, was not to the
sane degres.
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Pigure 2: Gross skin lesions in haired (A) vs. hairless (B)
guinea pigs 24 hours after exposure to 0.5-4.0 ul of sulfur

mustardi(HD)f
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Pigure 3: Mean skin lesion size in‘haired vs. hairless
guinea pigs 24 hours after exposure to sulfur mustard (HD).
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Pigure 4: Mean skin lesion size in haired vs. hairless
guinea pigs 48 hours after exposure to sulfur mustard (HD) .
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Pigure 5: Median erythema/eschar scores in haired vs.
hairless guinea pigs 24 hours after: exposure to sulfur
mustard (HD).
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Pigure 6: Median erythema/eschar scores in haired vs.

hairlass guinea pigs 48 hours after exposurs to sulfur
mustard (HD) .
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Figure 7: Median edema/blister scores in haired vs. hairless
guinea pigs 24 hours after exposure to sulfur mustard (HD).
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Pigure 8: Median edema/blister scores in haired vs.'hairless
guinea pigs 48 hours after exposurs to sulfur mustard (HD).
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Figure 9: Microblister in hairless guinea pig skin

at 24 hours after exposure to 0.2 ul of sulfur

mustard (HD). H;.croblister cavity (mc), epidermis (e),
dermis (d), hair! follicles (hf), and polymorphonuclear
cells (pmn). H&E.
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Figure 10: Semithin epoxy sectiaws throuch centers of
microblisters at the dermal-epidermal junction of hairless
guinea pig skin. A. Microblister cavity (mc) internpted by
a hair follicle (hf). (330X) B. Micreblister cavi

infiltrated with polymorphomiclear leukocytes (pm) ard
filled with cellular debris. The roof of the cavity is
formed by basal cells (bc) and suprabasal cells (sbc) of
the epidermis with the floor formed by the basla lamina (bl)
of the dermis (dy. (330X) Htmdxrev's stain.
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Figure 11: Transmission electron micrographs of microblister
cavity formaticn at the dermal-epidermal juncticn of the
hairless guinea pig. A. At the perimetar of the blister

cordensation of chromatin (nc), blebbing of the perimuclear
evelope (pb), and pararuclear vacuclation (v). (12,000X)
B.Azeaattraperimtarslndmd:sablhgotam
filaments (af) of the basal cell hemidesmosames (hd

(30,000X) C. The cavity, infiltrated withmatmphils (ne)
4and cellular detritus, is demarcated by the basla lamina
(bl) of the dermis (d) amd degenerating basal cells and
supra basla cells of the epidermis (epi). (9,000X)
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Pigme 12: Scamning electron aicrogyaphs of the dearmal-
epidermal junction of hairless quinea pig skin. A Area of
rorre-blistared skin: epidernis (epl): dermis (d); keratin
(k)y; ard collagan fibers (c). B Area of microblister
formation. Microblister cavity {s bordered by cells of the
epidernis 4t the voof and the basal lamina (bl) at the floor.
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Figure 13: quxiticatim-cmmmnl-ctzm
dmmmotﬂmm“v. A& B The
mmrmmmmmmmmmm«mmuw
cavities are clearly visible. Cavities vary in sive, up to
250mmwidthw\pt000minh-m. Lacperd :
epidermis (epi); dernis (d); basal lamina (bl): ard
keratin (k). ‘
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TABLE 1: EXPERIMENTAL DESIGN

GROUP I 4 « 0.%5-4.0 ul 24 hrs

GROUP II . 4 ' 6.5-4.0 ul 48 hrs

GROUP III f 0 3 0.05-0.4 ul | 24 hrs.
e
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TABLE 2: DOSES OF SULFUR MUSTARD (HD) APPLIED TO HAIRED AND HAIRLESS
GUINEA PIG SKIN

ANIMAL SITz SITE SITE SITE _SITE SITE SITE SITE
NUMBER 1L 2L 3L 4L 1R 2R 3R 4R
I-1A 0.5 1.0 2.0 4.0 o : 0 0 . 0
I-18 0.5 1.0 2.0 4,0 0 0 0 0
I-2A 4.0 0.5 1.0 - 2.0 o} 0 ] o
I-28 4.0 0.5 1.0 2.0 0 0 0o 0
I-3A 2.0 . 4.0 0.3 1.0 0 o 0 0
1-3B 2.0 4.0 0.5 | 1.0 o 0 0 0
I-4A 1.0 2.0 4.0 0.5 0 ) 0 0
1-4B 1.0 2.0 | 4.0 0.5 0 0 0 0
II-1A 0.5% 1.0 2.0 4.0 d\ 0 0 0’
I1-1B8 0.% 1.0, 2.0 4.0 0 0 (o] ]
II-2A 4.0 0.5 1.0 | 2.0 0 0 o 0
I1-2 4.0 0.3 1.0 2.0 ) [+ ] c
II-3A 2.0 4.0 | o.s 1.0 0 0 0 )
I1-38 2.0 4.0 0.5 1.0 0 0 0 (o}
II-4A 1.0 2.0 4.0 0.8 0 0 0 0
II~-4B 1.0 2.0 4.0 0.5 0 0 0 0
I11-18 0.0% 0.1 | 0.2 0.4 0.4 0.2 0.1 0.05%
I11-28 0.4 0.0% 0.1 0.2 0.2 0.1 0.0% 0.4
111-38 0.2 0.4 0.0% 0.1 0.1 0.08 0.4 0.2
—L—-———-—————_—d———————u———u—————h————————-—-—-—-——u

Footnotes:

1. Dose of HD is expressed in microliters (ul)

2. Animal number alfanumeric code: Roman Numeral = Experimental group:
Arabic Numeral = Individual/pair designator within an experimental
group; A = Haired; B = Hairless.

3.  Site code: Arabic numeral = site numbered tron anterior to posterior:
L = Laft; R = Right.




TABLE 3: MEAN GROSS LESION DIAMETER, MEDIAN ERYTHEMA/ESCHAR SCORE, AND
MEDIAN EDEMA/BLISTER SCORE AT 24 AND 48 HOURS POST-EXPOSURE IN
HAIRED GUINEA PIGS.

ey
24 HOURS POST-EXPOSURE - 48 HOURS POST-EXPOSURE

HD
DOSE DIAMETER | ERYTHEMA/| EDEMA/ DIAMETER | ERYTHEMA/| EDEMA/
(ul) (mm) ESCHAR BLISTER | (mm) ESCHAR BLISTER
SCORE SCORE SCORE 'SCOPE

0.5 2,75 1.50 l1.00 8.00 2.00 1.00

1.0 4.60 3.00 1.00 9.00 3.50 1.00

2.0 6.50 3.00 1.00 11.%0 3.50 1.00

4.0 10.25 3.50 1.00 13.00 3.50 2.00

ERYTHEMA/FSCHAR SCORE: EDEMA/BLISTER SCORE:
NO @rythema...vcevescorsanccsssesO|NO @d@BA. .. vt ecircesteraicaneadl
Slight erythema (barely seen)....l|Slight edema (barely seen).......l
Moderate srythema (pink).........2] Moderate edema (well defined)....2
Severs erythema (beet red).......l}|Severe edema (raised >1 mm),.....3
Eschar formation (necrosis)......4 Blister formatioN....c.veevveeescd

TABLE 4: MEAN GROSS LESION DIAMETER, MEDIAN ERYTHEMA/ESCHAR SCORE, AND
MEDIAN EDEMA/BLISTER SCORE AT 24 AND 48 HOURS PQST-EXPOSURE IN
HAIRLESS GUINEA PIGS.

ww

24 HOURS POST-EXPOSURE 48 HOURS POST<~EXPOSURE
HD
DOSE DIAMETER | ERYTHEMA/| EDEMA/ - | DIAMETER ERYTHEMA/| EDEMA/
(ul) (mm) ESCHAR BLISTER (mm) ESCHAR BLISTER
] SCORE SCORE SCORE SCORE
—_— e —— e I e e
0.08 3.17 . 3.%0 1.00 n/a n/a n/a
0.1 5.08 3.00 1.00 |  n/a n/7a | ' nsa
0.2 6.7% 3.00 . 1.00 n/a n/a n/a
0.4 8.83 4.00 2.00 n/a n/a n/a
0.5 8.7% 3.5%0 1.00 $.7% 4.00 1.5%0
1.0 13.50 3.50 1.%0 13.62 3.50 2.00
2.0 16.38 4.00 1.5%0 13.88 4.00 2.00
19.7% 2.00 17.62 4.00 2.00
ERYTHEMA/ESCHAR SCORE: EDEHA/BLISTER SCORE:
”O .ryth.utQQ.I.Q.OC....O'......O “o .d.‘..l.ll..ll..l....l.....l..
Slight erythema (barely seen)....1l|Slight edema (barely seen).......
Knderate erythema (pink).........2| Moderata edema (well dotinad)....ﬂ
Severe arythema (beet red).......3|Severe edema (raised >1 ln)......J
Eschar foraation (necrosis)......4{Blister formation....icvevevessecd
: R
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