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SUMMARY

Since the cellular and tissue sites of critical damage in burn lesions
are not known, this study was made to evaluate the possibility that enzymatic
activity is destroyed.

Frozen tissue sections excised from second degree burn lesions on the
depilated dorsal skin of rats were studied by standard histochemical techniques
for succinic dehydrogenase (SD), lactic dehydrogenase (LD), and diphosphopyri-
dine nucleotide diaphorase (DPND)

Sections were also stained with hematoxylin and eosin (H&E) for routine
evaluation of pathological changes.

It was observed that, for copper block burns, the loss of enzymatic action
was not an early finding in irreparably damaged tissue but became evidert be-
tween 4 and 24 hours in conjunction with other evidences of tissue damage.

This agrees with results reported by other authors that anoxic damage does not
lead to early loss of enzyme activity.

The results with 3.7 cal/cm?, 0.5 millisecond bursts of radiant energy
were strikingly different. Biops) specimens, examined immediately after burn,
showed loss of the two dehydrogenases and the DPN diaphorase from the surface

ithelium. Dermal injury was not evident and the epithelium regenerated by
the third day when it showed return of enzymatic activity The epithelium was
rapidly killed but the cells were not disrupted.

Future work will continue the study of biological reactions of cellular
and sub-cellular structures and functions of the skin to bursts of radiant
energy.
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1 - Copper block thermal exposure applicator with plastic tubing
for circulating hot water. Photo L-19749

2 - NASL xenon flash tube, condenser bank and associated
circuitry used to produce thermal burns. Photo L-19217

3a - Rat skin, copper block exposure to 60°C for 5 sec., immediate
biopsy, HRE stain. Photo L-21242-1

3b - Rat skin, copper block exposure to 60°C for 5 sec., 3 day
biopsy, HEE stain. Photo L-21242-1

3c - Rat skin, copper block exposure to 60°C for 5 sec., immediate
biopsy, DPND stain. Photo L-21242-2
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this regard by Hottel and his associates at MIT,3+4 and particularly, by
T. P. Davis® at the University of Rochester have been of the greatest
importance.

To obtain data suitable for computer solutions of this complex time-temperature
problem, a sir,le, homogenous population of mammalian epithelial cells was
selected for a qu:ntitatlvo study of thermal sensitivity. Reaction rate con-
stants were obtained® for death at elevated temperatures of the cells in this
artificial and over-simplified system. Skin itself is a highly complex
structure involving blood vessels, ccllagen and other elements, whose vul-
nerability to heat is not known. Blood vessels and lymphatics alike become
thrombosed (Child and Mixter, unpublished data) very early in the development
of the burn lesion. To date it is not known to what extent this factor con-
tributes to the pathogenesis or whether it is merely a subordinate or
ancillary change whicii indicates the extent of the lesion.

The work with tissue slices, divorced from problems of blood supply of

Falls Hershey and his associates’ suggests that there may be minor degrees of
thermal trauma which can temporarily cripple the cells (as evidenced by fail-
ure to take up oxygen), but which are insufficient to produce irremediable
damage and death. Such investigations point out a basic gap in our under-
standing of thermal trauma - the nature of the metabolic dysfunction caused
by heat. At temperatures above 100°C the generation of steam physically
disrupts the cell. But at lower temperatures, immediately after the "insult",
standard techniques fail to show gross alterations in 1rrgtt10ub1y damaged
areas. Recently, Hinshaw has adduced additional evidence® of the dynamic
nature of local burn pathology, which emphasizes the fact that under certain
circumstances the thermal "insult" may not cause irremediable damage.

The presently reported study arose as part of a broader investigation into
thermal effects upon various components of skin., The early involvement of
oxidative mechanisms suggested a histochemical investigation of burned tissue -
of the three enzymes involved in the Krebs cycle, and known to be in some
degree sensitive to temperature elevation.

OBJECT

The object of this investigation is to study the nature of local burn path-
ology. Particular emphasis is placed on the use of standard histochemical
techniques to determine the temperature sensitivities of the enzymes
succinic dehydrogenase (SD), lactic dehydrogenase (LD) and diphosphopyridine
nucleotide diaphorase (DPND).

METHOD

The thermal insult for the first portion of the study was provided by a hollow
copper block, five mils in thickness, through which water was circulated at
the desired temperature at a rate of 600 cc/min (Figure 1). The block was
held in firm contact with the skin on the dorsal area of depilated Sprague-
Dawley rats for various time intervals timed by a stopwatch. The rats, with

a body weight of approximately 240 gms, were previously anesthetized by
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RESULTS

The photomicrographs are shown in Figures 3a through 3d and 4a through 4d,

In no instance after the copper block exposure was the destruction of enzyme
activity observed as the earliest evidence of damage. In every burm studied
there was eventual loss, to a greater or lesser extent, of enzyme activity
in the irreparably damsged areas. Such losses began to occur between the 4th
and 24th hour after the burn, and in most instances continued to progress
through the 72nd hour. This statement is equally applicable to epithelial,
fibroblastic, vasculer and muscular cell elements. In this regard, it is
interesting to note a parallelism with the recent obgervatiom of Nachlas

and associates in experimental myocardial infarcts.'S In these lesions
which are primarily anoxic in origin, enzymatic activity only began to decline

some 5 or 6 hours after coronary ligation when other evidences of infarction
were also beginming to become evident.

There are, of course, & vast number of respiratory enzymes, coenzymes &nd
their more or less closely associated proteins, the majority of which are
not currently amenable to study by histochemical methods. The negative fizd.
ings of this report, concerning only three of them, can by no means be con-
strued to deny that some other enzymes may indeed be the "locus minoris
resistentiae™ of the cell, so far as heat is concerned. But the evidence is
that the enzymes studied are relatively sturdy, and that where heat is con-
cerned, something else seems to be more vulmerable.

The early appearance of vascular thrombosis, together with the similarity of
the time schedule with that of the lesions described by Nachlas, may be
highly significant. It is also interesting that calculations of the punish-
ment integral based upon epithelial cell sensitivity indicate that, at a
given depth in tissue, irreversible damage has occurred where the calculated
thermal insult was too mild to have produced immediate cell death.

Quite another set of phenomena was observed in the skin exposed to the high-
speed flashes. The results in this series were somewhat startl . As
previous studies had indicated, the immediate biopsies of the 58°C and 60°C
burns showed no loss of enzyme from the skin, and no detectable lesion on
staining with hematoxylin and eosin. By the 3rd day, however, the "classical"
psthology had developed as previously noted.

The high-speod flash bums presented the reverse picture; the earliest biop-
sies revealed loss of both dehydrogenases and diaphorase from the surface
epithelium and for short distances down the hair follicles. No evidence of
& burn lesion developed in the dermal structures, and by the 3rd day,
regenerating epithelium alwost completely covered the dermis, in most cases
beneath the necrotic and still adherent epithelium.
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DISCUSSION

For reasons cogently discussed by Davis,l4 it is not possible at the present
time either to measure, or to calculate with great exactitude, the time-
temperature curves at depth in very rapidly irradiated diathermanous skin.
Nevertheless, it is certain that the maxirum temperature attained in the

idermis in the present instance should have been on the order of 90°C rather
:ﬁln 60°C as in the copper block case. The brevity of the temperature eleva-
tion, and the sharp reduction of the peak temperature with increasing depth
presumably account for the shallowness snd rapid healing in this type of
injury. The loss of enzyme activity in the surface epithelium is of great
interest, indicating as it does that temperatures in the range between 60°C
and 100°C are capable of imactivating this type of protein in extremely short
times, This loss of activity, furthermore, is associated with very rapid
death of the cell, though not with mechanical disruption, as seen in the
"normal" appearance of the HEE stained tissue.

SUMMARY OF RESULTS

The results of the investigation may be summarized as follows:

m: Block Burns

a. A S-second contact with a copper block at 60°C caused deep, second-degree
burn lesions in dorsal rat skin. The burns contained irreparably damaged areas.

b. The appeararce of vascular throsbosis, evident in immediate biopsies,
suggesied & possible comtributiom of anoxic origin for these lesions.

¢. The destruction of enzyme action and damage to epithelial, fibroblastic,
vascular or muscular cell elements was not evident in immediate biopsies. How-
ever between 4 and 24 hours after the spplication of heat, loss of enzyme
activity, and damage to the other cell elements became evident in the irrepar-

ably damaged areas.

a8, Flash exposures having total irradiances of 3.7 and 4.6 cal/cm? caused
extremely shallow second degree burns in dorsal rat skin, The maximum tempera-
ture attained in the epidermis was estimated to be 90°C., Damage was apparent
only after 24 hours and was healed rapidly between 4 and 7 days.

b, Immediate biopsies showed loss of enzyme activity in the surface
epithelius and for short distances down the hair follicles. This loss of
activity was associated with rapid cell death, though not with mechanical
disruption.

10
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PHOTO L-19749

Figure 1 - Copper block thermal exposure applicator with
plastic tubing for circulating hot water.
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Figure 3a., Rat skin, copper-block expcsure to &0°C for
5 sec., immediete biopsy, B&E stain. Damage
not evident.

Figure 3b., Rat skin, copper-block exposure to &0°C for
5 sec., 3 day biopsy, FE&E stain. Note
development of deep second degree lesion.

PHOTO L-21242-1
Figure 3a - Upper
Figure 3b - Lower
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Figure %c, Rat zkin, copper-block exposure to &°C for
5 sec,, immediete biopsy, DPND stein, Tetra=-
zolium reaction present in epithelium,

Figure 3de Rat skin, copper=-block exposure to 60°7 for
5 sece., 3 day biopsy, DPND stein, Note loss
of tetrazolium remction deep into dermis.

PHOTO L-21242-2
Figure 3¢ - Upper
Figure 3d - Lower
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Fipure La. Rat skin, exposed to 3.7 cal/em” flesh,
immediete biopsy, F&E steine. Note ebsence
of explosive vesicles on surfece.

Fipure Lb, Rat skin, exposed to 3.7 cal/cm2 flesh, 3
dsy bicpsy, F&E stein. Note regencration
and hyperplesia of surfece epithelium,

PHOTO  -21242-3

Figure 4a - Upper
Figure 4b - Lower
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Figure Lc. Rat skin, exposed to 3.7 cal/cm® flash,
immediate biopsy, LD stain, Note loss of
tetrazolium reaction in surface epithelium
and follicles,

Figure Ld. Rat skin, exposed to 3.7 cal/cm® flash,
3 day biopsy, LD stain, Note return of
engyme activity in epithelial cells.

PHOTO  L-21242-4
Figure 4c - Upper

Figure 4d - Lower

U.S NAVAL APPLIED SCIENCE LABORATORY LAB. PROJECT 9400-12



UNCLASSIFIED

Security Classification
iR

DOCUMENT CONTROL DATA-R&D

(Security classification of title, body of abstract and indexing annotation must be eniered when the overall report is classified)

1. ORIGINATING ACTIVITY (Corporate author) 2a. REPORT SECURITY CLASSIFICATION
U.S. Naval Applied Science Laboratory UNCLASSIFIED
Flushing and Washington Avenues 2b. GROU
Brooklyn, New York 11251

3. REPORT TITLE
Histochemical Studies of Skin Burns, Contact and Flash Lamp Burns

4. DESCRIPTIVE NOTES (Type of report and, inclusive detes)
Progress Report

%. AUTHORI(S) (First name, middle initial, last name)
Mixter, George, Jrx,, M,D,
Pillsbury, Nan
Derksen, Willard, L.

6. REPORTY DATE 78. TOTAL NO. OF PAGES 7b. NO OF REFS
5 April 1967 19 14
8a. CONTRACT OR GRANT NO. 98. ORIGINATOR'S REPORT NUMBERIS)
b. proJucT no. 9400-12 Progress Report 15
<. DASA Subtask 03,062 Sb. OTHER REPORT NO(S) (Any other numbers that may be assigned
this report)
d.

10. DISTRIBUTION STATEMENT

This document has been approved for public release and sale; its distribution is
unlimited,

11. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY

Defense Atomic Support Agency
Washington, D.C.

13. ABSTRACT

Histochemical studies to evaluate the effects on enzyme activity as a possible
cause of cell damage in thermal injury were made on the skin of white rats after
contact with a copper block at 60°C for 5 seconds and after exposure to thermal
radiation of 3.7 cal/cm=2 from a xenon flash lamp puise peaking 0.5 milliseconds.
The hot copper contact burn caused deep burn lesions with vascular thrombosis.
There was no loss of enzyme activity until 4 hours after the burn exposure. The
flash lamp exposure showed only shallow tissue damage after 24 hours. There was
immediate loss of enzyme activity in the surface epithelium with rapid cell death.

FORM (PAGE 1)
D 1 NOV u‘ 473 UNCLASSIFIED

S/N 0101-807-6811 Security Classification

A-31402



UNCLASSIFIED

Security Classification

-+ ey womos LINK A LiINK B LiNk €
rore| wr [ mrore| wr | moie | wr
1. Histochemical Studies
2. Enzyme Activity
3. Cell Damage
4. Thermal Injury
5. Skin of White Rats
6. Xenon Flash Lamp
7. Deep Burn Lesions
8. *Vascular Thrombosis
9. Tissues - Injury
DD "2V.1473 (sacx) UNCLASSIFIED
S/N 0101-807-6821 Security Classification A~31409






