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THERE has been a general impression
that severe burns may be accompanied by
alterations in the subjects' responsiveness
to antigenic stimulation. This association
has been limited, however, by a paucity of
information on the response of severely
burned individuals to well-characterized
antigens in precisely defined immunologi-
cal systems.4 This has also been true of
studies of skin homograft rejection patterns
in severely burned humans and experi-
mental animals.

Holman,28 Dempster and Lennox,18 Kay,33
Branch, Wilkins, and Ross,14 and Blocker 13
have found prolongation of survival of skin
homografts in severely burned human sub-
jects. Ashley and associates 5 observed ac-
celerated rejection of skin homografts ap-
plied to scalded rats. These studies did not,
however, consider known variables such as
graft dosage, effects of prior blood trans-
fusion, or of application of grafts to burned
areas in the recipients. Each of these fac-
tors, and particularly that of graft dosage 9'
35, 39, 52, 56 might have contributed signifi-
cantly to the results observed. It has there-
fore been difficult to assign a specific im-
munologic significance to these conflicting
observations.
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It is the purpose of this study to report
the response of severely burned animals to
skin homografts in an experimental setting
where a deliberate attempt has been made
to limit the bearing of such variables upon
the results observed.

Materials and Methods

Adult male open-stock Wistar rats weigh-
ing 250 to 300 Gm. were used. The animals
were clipped on the day before burning.
The technic of burning has been described
in detail elsewhere.29, 3 Briefly, it consists
of applying, under ether anesthesia, a
thermal-regulated metal surface main-
tained at 2500 C. to a precalculated body
surface area of the rat (30%7) through a
measured asbestos frame. Control of the
duration of exposure and of the pressure
applied produces a standard full-thickness
burn in the exposed area.
Each rat received a skin homograft from

a normal donor, either at the time of burn-
ing, or within the first 15 days after the
burn. The skin grafts were applied to nor-
mal areas in the recipient, in constant dos-
age similar to that used in previous studies
of the immune response to skin homografts
in this species.9 3 52 The skin transplants
were full-thickness specimens measuring
1.69 cm.2, applied to an intact area on the
lateral aspect of the dorsum of the animals.
The method of transplantation has been de-
scribed previously.9 Control rats received
skin homografts from the same donors, ap-
plied to similar body areas. Periodic gross
and stereomicroscopic observations pro-
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vided an objective evaluation of graft via-
bility in burned and in control animals.35 52

Animals in this study received no treat-
ment other than ether anesthesia, burning,
and application of skin homografts.

Experimental Results

Selection of a 30 per cent body surface
area third degree burn as the standard
thermal injury resulted from a preliminary
study of mortality rates associated with the
technic of burning employed. It is noted
in Figure 1, in 210 rats exposed to 40 per

cent and 30 per cent burns, that the mor-

tality resulting from 40 per cent burns was

90 per cent by the third day after burning.
When only 30 per cent of the body surface
was burned, the mortality was reduced to
37 per cent. As this value appeared to offer
a suitable compromise between the aim at
a maximum severity burn and survival of a

sufficient number of animals for homograft
studies, it was utilized for this study.
The results are outlined in Table 1.

Three groups of burned animals were

studied. The time of graft application did
not appear to have a significant effect upon
subsequent observations-provided that the
grafts were applied within the first 15 days
after burning. Following application of
homografts, the animals were observed for
13 days in the first group, for 18 days in
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FIG. 1. Comparative mortality of 30 and 40 per

cent body surface area full-thickness skin burns in
open stock Wistar rats.

the second, and for 21 days in the third
group. One hundred and thirty-three ani-
mals were studied in the course of the ex-

periment. Of these, 42 animals served as

controls, and 91 rats were homografted
after a 30 per cent body surface area burn.

Survival times of grafts applied to con-

trol animals were consistent with previous
observations made in open stock Wistar
rats.9 In 42 control grafts, 33 (79% ) sur-

vived seven days after transplantation.
Only five grafts (12%) were viable at the
end of the second week, and two grafts
(5% ) by the eighteenth day. All grafts
were rejected by the twenty-first day.

TABLE 1. Surzv*al Times of Skin Homografts Applied to Normal Recipient Areas in Open Stock Wistar Rats
Follouing 30%G Body Surface Area Full-thickness Skin Burn

No. Skin Homografts Surviving at:

7 Days 14 Days 18 Days 21 Days
No.--

Experimental of No. No. No. No.
Conditions Rats Rats ' Rats C Rats (4c Rats %

Controls 42 33 79 5 12 2 5 0 0

Short-term burn study 45 45 100 43 98 - -

(14 days)
Long-term lurn studly 34 34 100 32 94 32 94

(18 days)
Long-term burn study 12 12 100 10 83 10 83 10 83

(21 days)
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In the 91 burned animals, all grafts sur-
vived at the end of the first week follow-
ing transplantation (as compared with 79%
control grafts). After 14 days, 85 grafts
were still viable (i.e., 93% grafts were in-
tact, as compared with 12 per cent control
grafts); after 18 days, 42 of 46 grafts ob-
served had survived (i.e., 90% as compared
with 5%o control grafts); by the end of the
third week, when all controls had been re-
jected, 10 of 12 homografts in burned ani-
mals studied for that period continued to
survive.

Discussion
The burned subject's response to thermal

injury is associated with a wide variety of
pathophysiologic changes.3 The effects of
stress and other endocrinologic responses
have been described 2, 20, 21, 30 and the re-
sulting metabolic alterations have been
documented.17, 27, 36, 41, 42, 53 Secondary ane-
mia and delays in wound healing have also
been noted.3" The marked decrease in
reactivity of severely burned subjects to
skin homografts could be interpreted as
support for the possibility that the gen-
eralized disturbances observed are also as-
sociated with some impairment of im-
munologic responsiveness.
With few exceptions, however, there is

little experimental evidence to support the
conclusion that dermal burns induce a loss
of specific immunologic function.40 54 The
studies of Balch 6,7 in man have demon-
strated that severe injury, or nutritional im-
pairment does not result in reduction of
resistance to infection, or in loss of the
capacity to form serum antibody. Recently,
Balch has reported similar findings in se-
verely burned patients.8 His observations
suggest that thermal injury may actually
be associated with an increase in phago-
cytic activity of leukocytes, and elevations
in the level of serum complement. Lan-
gohr, Owen, and Cope have also reported
that burned subjects retain the ability to
form serum antibody in response to chal-
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lenge with Staphylococcal extracts.34 This
finding, as has been noted by Balch,8 also
receives support from the low incidence of
tetanus in immunized burned patients who
have received a booster injection of tetanus
toxoid at the time of injury.

In view of the lack of evidence of im-
pairment of any specific immunologic
mechanism studied thus far, it would ap-
pear that functions other than the capacity
to make serum antibody should be ex-
plored for their relevance to the prolonged
survival of skin homografts after severe
burns. One possible explanation has been
sought in the increased production of ad-
renocortical steroids in severely burned pa-
tients and experimental animals. There is
no clear-cut evidence, however, that levels
of adrenocortical steroids elaborated in
stressed experimental animals are sufficient
to inhibit skin homograft rejection.10 11 This
possibility is further weakened by the
demonstrated ineffectiveness of adreno-
cortical steroids and of ACTH to inhibit
skin homograft rejection in human sub-
jects.'5' 55

In a search for alternate explanations for
the prolonged skin homograft survival ob-
served in severely burned patients and ex-
perimental animals, recent concepts de-
rived from well defined immunological sys-
tems may be particularly pertinent. These
concepts include: 1) competition of anti-
gens; 2) immunological paralysis; and 3)
sharing of tissue transplantation antigens.

Competition of Antigens: Adler 1 has
observed that the immune response to an
antigen can be impaired by the previous,
simultaneous, or subsequent injection of an
additional antigen. This effect, termed com-
petition of antigens, may result in varying
degrees of suppression of the host's response
to the first antigen. It appears to affect the
early events of the immune response, and
its intensity is related to the potency of the
antigenic stimulus afforded by the second
competing antigen.
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Immunological Paralysis: Felton 22 23
noted that massive dosages of antigen
(pneumococcal polysaccharide) did not in-
duce serum antibody formation in adult
mice, and that such treatment inhibited
subsequent attempts to elicit a serum anti-
body response to this antigen. Felton at-
tributed this effect to the saturation of
antibody-producing cells with a poorly
metabolized antigen over a prolonged pe-

riod of time. Kaplan, Coons and Dean,32
Freund,24 and Dixon, Maurer and Weigle'9
confirmed these findings, and suggested
that, in view of the large excess of available
antigen, any serum antibody might be
neutralized as rapidly as it was formed.
Recent studies of Sercarz and Coons,50
Gitlin, Monckeberg and Janeway26 and
Brooke and Karnovsky 16 have secured evi-
dence, however, that the phenomenon of
immunological paralysis is not due to a

continuous neutralization of antibody, but
rather to an induced state of specific im-
munologic unresponsiveness.

The concepts of competition of antigens
and of immunological paralysis may serve

to suggest experimental approaches to the
further study of possible causes of pro-
longed skin homograft survival in severely
burned subjects. In this regard, reports of
the wide variety of potentially antigenic
materials released into the general circula-
tion from burned tissues 48 49 and the pos-
sible antibody response reflected by the as-

sociated serum hyperglobulinemia 12, 43, 44

may be particularly pertinent.
Sharing of Tissue Transplantation An-

tigens: A third observation of more direct
relevance to the prolonged survival of skin
homografts in burned subjects is the real
possibility that unrelated individuals may
share tissue transplantation antigens. This
possibility is based on recent evidence of
cross-sensitization to skin homografts from
unrelated individuals in human recipients
sensitized to some other individual donor's
skin. It is further supported by the pro-

longed survival of skin homografts ex-

changed between individual donors who
induced cross-reactions to each others' skin
homografts in various unrelated recipi-
ents.25' 4 Similar evidence has also begun
to appear in the course of studies of ex-

perimental animals, where skin homografts
were exchanged between individuals stem-
ming from outbred lines of unknown genetic
backgrounds.5'
Some of the antigens released from the

host's burned tissues may bear a similarity
to those present in skin homografts from
certain individual donors applied to the
burned recipient. If such antigens are re-

leased in sufficient concentrations, a partial
or complete suppression of the response to
skin homografts obtained from such com-

patible donors may result. Such a phe-

nomenon could be mediated through either
of the mechanisms discussed above (com-
petition of antigens; immunological paraly-
sis). The reported variations in survival
times of skin homografts obtained from
different donors and applied to the same

burned recipient I are consistent with this
interpretation.

It is probable that no single factor, im-
munological or otherwise, can be implicated
in the prolonged survival of skin homo-

grafts in severely burned individuals. The
present state of knowledge concerning this
complicated state also makes it probable
that such an over-simplification would serve

no useful purpose. Nevertheless, the mecha-
nisms considered above may provide an

approach to the isolation of those factors
that are amenable to experimental analysis.
Although the observations relating to com-

petition of antigens, immunological paraly-
sis, and the sharing of tissue transplantation
antigens have been made in otherwise nor-

mal subjects, they suggest a method of
study of similar mechanisms operative in
the state of altered tissue reactivity as-

sociated with thermal injury.
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Summary and Conclusions
Application of a 30 per cent body sur-

face area full-thickness skin thermal injury
results in prolongation of skin homograft
survival in open stock Wistar male rats.

This result is discussed in the light of
recent findings which suggest an experi-
mental approach to the analysis of the
state of altered tissue reactivity associated
with thermal injury. These findings include
antigen competition, immunological paral-
ysis, and the sharing of tissue transplanta-
tion antigens by randomly selected unre-
lated individuals.
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