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Ability of several enzymes in producing splits in the skin has been reported by
several workers (Medawar, 1941; Stoughton, 1952; Hambrick and Blank, 1954; Gold-
blum et al, 1955, Fan, 1958; Burbach, 1959; Miller and Stoughton, 1960; Klein and
Fitzgerald, 1962; Dobson and Bosley, 1963 and Einbinder et al, 1966) but no definite
role has been assigned to them for the :splitting seen in spontaneous diseases. This
is because most of these enzymes were not traced to cutaneous origin. There is no
report also of the capability of epidermal extracts in prbducing splits in the skin.
Burbach (1959) failed to achieve any success with epidermal extracts,

The present investigation was undertaken to study the effects of intradermal
injections of three proteases-trypsin, pepsin and chymotrypsin, and epidermal
extracts in vitro and in vivo, Results of application of a 0,5% cantharidin ointment
to skin are also reported.

MATERIALS AND METHODS

Experiments were conducted both on the living as well as the excised skin of
dogs and humans.

Human skin was excised from amputated legs, while dog skin was removed from
the abdomen immediately after killing the animal.

Enzyme solutions (pepsin, trypsin and chymotrypsin) of 0.1%, 0.2%, 0.3%, 0.4%,
0.5% and 1.0% strengths were prepared in Ringer’s solution. Epidermal extract was
made by homogenising stretch separated human or dog epidermis in borate buffer pH
9.4 (Roe, 1958) in a pestle and mortar using neutral glass powder, The extract was
kept at 4°C for 24 hours, centrifuged at 2500 rpm for 20 minutes in cold and the
clear supernatent separated.
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In vitro experiments were conducted by injecting 0.1 ml of the enzyme solutions
and epidermal extract intradermally and incubating the skin pieces in moist petri
dishes at 37°C for 24 hours, at the end of which they were fixed in 10% neutral
formalin.

Controls were taken by fixing one piece of skin immediately in formalin, incu-
bating a second piece without any injection along with other pieces, injecting a third
and a fourth piece with 0.1 ml of Ringer’s solution and borate buffer respectively and
incubating them with the experimental specimens.

In the in vivo experiments, intradermal injections were made with the solutions
on the abdominal skin of dogs anaesthetized with pentobarbitone. The dog wag
killed with intravenous magne:ium sulphate after 5 hours, the injected sites were
excised and fixed in 10% neutral formalin.

In the humans, only 0.5% and 1.0% concentrations of the enzymes were used.
Epidermal extracts were passed through a Seitz filter and tested for sterility before
injecting. Biopsies were taken after 5 hours and fixed in formalin,, Extracts of human
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epidermis were Injected into humans, while those of dogs For controls, Rlnger 5!
solution and borate buffer were used.

With cantharidin, the in vivo experiments were done by the method of Burbach
(1961), while for in vitro studies, the skin was incubated at 37°C for 6 hours after
application of 0.5% cantharidin ointment, The specimens were then fixed in formalin.

All the samples were embedded in paraffin, sectioned at 4-6 microns and stained
with haematoxylin and eosin.

RESULTS

The pattern of changes produced by each of the enzymes and the epidermal
extract was the same, although chymotrypsin produced markedly pronounced
changes and these were better depicted in the human skin. The severity of cha-
. nges was much less in the in vivo experiments as compared to in vitro studies.
Macroscopic blisters were seen only in the in vivo studies and they were often
haemorrhagic.

Appearance of vacuolated spaces at the dermoepidermal junction (Fig. 1) was
the earliest change noticed, followed by extensive separation and appearance of
inflammatory infiltrates in the perivascular areas (Fig. 2). The infiltrate was mono-
nuclear in the experiments on the excised skin and was minimal, while in the In vivo
studies, it was predominantly polymorphonuclear with an admixture of erythrocytes
(Fig. 3). The infiltrate was massive with chymotrypsin.

Severer changes in the epidermis consisted of contraction of the nuclei, followed
by their disappearance leaving behind vacuolated spaces in the epidermis which then
gave an appearance of “honey-comb” (Fig. 4). This change though seen with all the
three enzymes “ihe epldermal extract was best depicted by pepsin,
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With yet severer changes, even the cytoplasm of epidermal cells disappeared
feaving behind only stratum corneum (Fig. 5). In the dermis too, all the inflammatory
as well as connective tissue cells disappeared.

Hair follicles, sweat and sebaceous glands underwent the same changes of separa-
tion from the basement membrane, ‘honey-combing’ and ultimately complete
disappearance as seen in the surface epidermis.

Separation of epidermal cells from each other, individually as well as in masses
was seen with pepsin and chymotrypsin (Fig. 6). Acantholysis seen with pepsin
(Figs 7 and 8) resembled to a great degree that produced by cantharidin (Figs. 9
and 10). In addition to intraepidermal changes, cantharidin at times, produced
dermoepidermal splits as well. ’

DISCUSSION

The aim of this investigation was to study the effects on skin, of some well
known proteases which have their equivalents in intracellular cathepsins. Changes
produced by trypsin had been reported by several earlier workers but pepsin and
chymotrypsin had not yet been studied, The results obtained showed that all the
three proteases produce almost similar effects, although the degree of changes varied
with each enzyme. The pattern of changes suggests a non-specific proteolytic
action on tissues, in the form of dissolution of all cellular components.

The ability of epidermal extracts in producing splits in the skin had been a
controversial subject, because the extractants used for preparing the skin extract
were also found to produce dermoepidermal splits. This was encountered in the
present study as well, but extracts made in several other extractants were seen to
possess similar activity and further, this activity was’still present in the fraction
consisting of precipitated proteins (unpublished observations). Further studies to
isclate and identify the actual components responsible for splitting are in progress.

The presence of inflammatory infiltrates in the in vivo studies indicates the
activation or release of a leucotaxine-like substance under the action of the proteases
as suggested by Duthie and Chain (1939) and Burbach (1960). Demonstration of
leucotaxine in thermal burns (Cullumbine and Rydon, 1946) further supports
this belief.

Absence of macroscopic blisters and the paucity of inflammatory infiltrates in
the in vitro experiments could be attributed to the absence of circulation in excised
skin and further supports the views of Burbach (1960), Kandhari and Pasricha (1965)
and Sulzberger et al (1966), that the blister fluid is derived chiefly from blood.

Milder changes seen in the in vivo experiments could be attributed to a rapid
absorption and removal of the injected substances from the site of action or to their
inactivation by some inhibitory influence of blood,
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Acantholysis produced by cantharidin has been studied extensively. Among
other views Stoughton and Bagatell (.1959) believed that cantharidin activates
proteolytic enzymes which are in turn responsible for acantholytic changes, Bagatell
and Stoughton (1964) isolated an active principle having properties of an enzyme
from skin to which cantharidin had been applied. Resemblence of acantholytic cells
produced by pepsin to those seen with cantharidin in the present study further
supports the above contention and it is possible that cantharidin zlso activates intra-
cellular cathepsins which mimic the activity of pepsin or other allied enzymes;
Cantharidin only triggers the process as many unknown stimuli are supposed to do.

SUMMARY

\/Results of a study undertaken to investigate the effects of intradermal injections
of trypsin, pepsin, chymotrypsin and epldermal extracts and application of cantharidin
ointment to skin of humans and dogs in vivo and in vitro are reported. Dermo-
epidermal separation with progressive loss of all cellular elements of epidermis and
dermis were seen with all the proteases and the epidermal extracts. The effects
possibly represented a non-specific proteolytic activity of the enzymes. Fpidermal
extracts were also seen to produce similar changes. Acantholytic changes seen with
pepsin resembled those seen with cantharidin and it is postulated that the action
of cantharidin is mediated by a pepsin like cathepsin. Severity of changes in the in
vivo studies was much less, possibly due 10 absorption or inactivation of the enzymes
by the circulation. Absence of macroscopic blisters and the paucity of inflammatory
reaction in the excised skin were attributed to absence of circulation, \_~
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