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PRINCIPAL INVESTIGATORS

During this reporting perio? the principal investigators were
Fdward L, Alpen, A, Kennon Davis, Elly M, Jacobsen, D, M, Jones and
Williem Lee.

COLLABORATORS

TWorking with the principal investigators were John A, Alexander,
{1, Basil Gcofidie, H1l, an? Charles Hegeerty, W1 {tvo 19 October 1954},
QBJZCTIVES

On 1 February 1954 e new program proposal oriented towards the local
effects of high intensity thermal raciation was submitted and approved by
ATSVF, The phases of this program are gs follows:

Phgse i, Basic Consicferastions on t-e Intermction of I'sbrics apd High

Intensity Radlant Fnerpv with Reference to Effects on Skin,

The primery objectlve of this task is the eveluaticn of &ll para-
meters having an effect on the protective influence provided by fabric
comzinations mgainst the effects of hic- intensity raiant trermal enersgyv.

Prase 2. Studies on the Helationship of Seyerity and Nature of Burn

Darapge an” Certain Parameters of Blological Effectjveness,

As a paturel adjunct to Prase 1 it becomes imperative to ascertain
the blclogical effectiveness of certain types of burn lesicons. Thnder cers
tein con”ditions of ewposure to ratim:.t enerir throumh febric combinations
either pure radiant energy burnx, flar~ turne o contect burns will arise,
Tre objective of this task Is tre evelusricn of relationships between

these various types of lesions and sonme blclorical endpoint should be
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evaluated. The twe subtasks of this phase as presently outlined are:
a) study of mortality and body area =- body size relationship, and

b) study of acute red blood cell destruction as a function éf burn in=-
tensity and type.

Phase 3, OStudies of the Tffects of the Logal Burn lesion on Frythrooyte

Production and Survival.,

The objective of this tusk is the investigation of the relationzhip
between erythroeyte prorduction in the burned animel and the time course

of infiammatory processes in the local lesion.

1, PHASE 1.  PROGRESDS

1,1 Fabrie Studies, Critical Enerpies for Skin Behind Standard 9 oz,

cateen,

The (uartermaster Corp of the Army has made avallable to this Labora-
tory & series of fabrice in whict the reflectivity is varied by incorpora-
tion of graded amonnts of carbon black in 2 carboxymethyl eellulose binder,
The eritical energies for these fFabrics have been measured st 1 second
square wave exposures at contact and at spacings of 2 mm or 5 mm, The
rezults of these measurements are giver ir Teble 1, |

It has not besn possible with thc pec: irradisnce of the Mitcrell
sourze to produce burns at 5 mm spacinc except where long exposures are

used wrich profuce destruction of thre febri:. The €3 cal/cm2 exposure &t

5 vm spacing in Table 1 remresenis & 2.75 sec full beam exposure,



1,2 Temperature Hemsyrements,
& thermocouple for intradermal use has been develope:’ in this Laborna

tory of (0.8 mil constantan upon which & silver junctlon hi3 been plated.
The maximum dlameter of the couple is 1.2 mil over the re:lon of silver
plating. Measurements have been made with these couples 11 the fabric
skin systems and on bare fabric. Figures 1, 2, and 2 are typiczal tire
temperature histories for bare skin, white fabrle in contu:t with skin,
end dark grey fabric in contact with skin., It is evident that in the cari
of white febrlic the timestemperature history of the subc rianeous couple
at a depth of 200 microns is quite similar to that of t} . same couple or
bare skin. The pesk temperature attained and the durati.n of hyperthermir
are guite similar, MHowever, in the case of the dark gre: fabric the sub-
cutaneous temperature history is quite éifferent. The rise is slow a4
rrelonged with the three couples attaining equal temperaiures in eb.ut 10
se-onds,

1.3 Spectral lfeasuremepts,

In en effort to explain certain discrepancies between critical sner-
gles for skin determined on various radiant energy sources in “.-is Labora-
tory and to elucidate the effect of fabries in their role as s:lective
spectral filters a study hes been pursued on the critical ener zy for burn
production with various filters, Wor:- har been completed with a series of
four filters on normel and blaclkene” rat shin, These data ire presented
in Figure 4. These filters are: Fiiter i, 0.4 - 0.6 p, "flter B, 0.6 -

C.% p, Filter C, 0.8 - 1,9 ¢+ p (pesk at 1.1 p}, Filter b, 1.0 « 2.0 4
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(peak at 1.521). The critical energies for all but Band "B" are in

the range 3,8 ~ 4.5 cel/en?® for & minimal white burn at 2.0 sec exposure.
The B filter has & critical energy of 28 cal for a 6 sscond ‘exposure,
Shorter exposures at full beam irradiance failed to produce a burn. Re-
ciproeity failure at this level of skin damage would, however, not alter
this figure by more then 10 -~ 20% in the downward direction for the 2,0
ez burn,

On blackened skin the criticsl energy is, as wonld be predicted, in-
dependent of wave length., Tre value for production of & minimal white
burn is 2.4 calfcmg.

The conciusions from these data are that the white fabric acts as
e neutral transmission filter without its own temperature being remarkably
elevated, and the black febric acts as e heat transferring medium without
direczt transmission of an appreciablie proportion of rajlent enargy. From
Filgure 3 it can be seen thet & burn behind black fabric is essentially
equivalent to & contact type burn,

1.4 Hupap Studies,

A comparison has been made of the criticel energy for first degree
burn production on the human forearm at simulated wedEipon ylelds of 100 kt
and 10 mt, These have been found to be 4 cal/om2 end 6 cal/cmz, reapecta
ively. The data is as yet incomplete but these figures are considered to
be correct within & 0.5 cal.

1.5 Pulse Shape Studies,
Studies on the critical energy for rat skin as a function of weapon
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yield over the range 20 kt to 40 mt have been completed and the report
publiished, OStudies are now in progress on the effect of "cutting of the
tall" of the pulse, or in other words simulating evasive acéion. Studies
at the 250 kt yleld have been completed, The data are presented in Table
2. 1t can be seen from thls table that even a three second cutoff suceeeds
ir meking & small difference in effective radius for productlion of a mini-
mel white burn and that & 1.0 second cutoff makes an aporeclable difference.
From column two of this table the efficlency of the three pulse shapes can
be directly compared,

The parameters used for the nuclear pulse are those presented in
Streets {AFSWP 503). Ten tp is taken as a nominal full pulse even though
orly 80% of the energy is delivered in this interval. Correction for this
factor must be mede in extrapolation to true pulses,

It must be recognized that certeln assumptions are made 1in thess
studies which do not hold for the fleld condition. Two of the most impor-
tant of these are: &) the spectrai distribution of energy does not chanee
witr time, an? b) the energy reaching the Individusl 1s not aporeciably

scatiered,

2. PHiSE 2, PROGRESS

Acute Red Blood Cell Destructl:zy

Studies on acute red blood cell destructicn Bre nearly completed at

Mo
=

this time, The data are presented in Figures 5§ to 8,

The 4destruction measured for 12 or ib oal/cm2 given in 1 sec are 2C
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and 24% respectively at 24 hours after exposure, Destruction is spparently
increased by the shortest exposure time (0,5 sec) but unaffected by in-
creasing to 2.0 sec. Over the ranpe of area involvement st\;d—ied, 15 4o
22%, no significant differences are detected. It is obvious from the data
thal hea? injured cells are not completely removed in 4 hours for ir nearly
every measurement destruction at 24 hours is Increased.

It has been demonstrated that the early anomelous results obtained in
this Labaratory with Cr5104 labeled erythrocytes were becauze of the inter-
ference of ether mnesthesia with Cr0, labeling. Fe’”? lsbeled cells are not
subject to this shortcoming.

The repori on thls phase 1s {n preparation.

2.2 Severivy-ilortality Studies.

Fark temporarily suspended on this phase,

2.3 Area-lortality Studies,

Wierk temporarily suspsnded on this phase,

3 PHAack 3. PRGGRESS

3.1 fron Upilizatio d S vgl of Aytoiopous Cells

Studies on rats are now complete &nd heve been ;eported in USKRDL
unclassified report 433. This sawe deta has appeared in the January 1955
1ssue of the Journal of Clinical Investigetion.

The studies on dogs have progressed to the polnt that preliminary
statements may now be made, It ig apnarent that s rapid hemolytic pro-

cess exists in the dog gquite similar to that seen in the rat, Filgure 9

.
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indicates the apparent uptake of radiciron into the erythrocytes of burned
dogs. Becausge control uptakes are done before burning, there is a measur-
eble smount of radiocectivity in the blood, and therefore if destruction is
more rapld than formatlon of cells it is possible to obtain "negative” or
less than zero uptakes. This is the case in several instances in 15% thirg
derree burns on our dogs, Accompanying these hemolytic phenomens is &
depressed serum iron turnover in the early phase followed by increased serun
iren twrnover in the post infectlon stage, The tissues of these snimsls
ahow evidence of active extramedullary hematopoiesis,

3.2 Surviva] of Trapsfused Red Cells,

This study is complete and the report is in prepsration. No changes
ir. the dela presented In the last seml-annual progress report are reguired.
3.3 Elasra Hemavopoletic Factor Studies,

In the cowse of the studies on the burn snemle in the rat, interest
vas stimlisted in the factors controlling blosd voiume, The work of DBor-
sozk et 2! on the hematopoletic fa;tor seen In the serum of anemic rabblis
was used as a point of departure, It hes been possible to prepare & plasma
fraction with erythropoietic stimulating activity, During this reporting
perind all effort has been on preparation of active ﬁlasma fractions by
bcth the hemorrhagic method and the method used by the original authors,
i.e. injection of phenyl hydrazine, 1In our hands it hes been possible to
prepare active plasma frections from rabbits made anemic with phenyl hydra-
zine, but in every case where rabbits were made equally anemic by bleeding

no hematopolietic activity was found in the plasma, Certain cbservations
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have been made that provide partlal explanation for this phenomenon. 1In
rabblta bled on successive days until the hematocrits were equal to the
paired animal made anemic by prenyl hydrazine, there is, ne;értheless, a
lower oxygen carrylng capacity in the phenyl hydrazine treated animsls,

The latter have methemoglobln concentrations amounting to 20% of the total
bioccd pigment, while in the bled animmls the methemogiobin concentration

is practically zero. In addition, it has been observed that active prepara.
tlons are seen in phenyl hydrazine treated rahbits only when accompenied

by & clrrhotic liver, The conclusion to be drawh is that the factor is
produced only when the effective hematoerit is below about 12 to 15% and

when the liver i1s pot capabls of rapif destruction of the factor,

4 FLANS FOR NEXT FERIOD

4.1 Phese 1,
4.1,1 Febric Studies,

As soon &s the 4 oz white underwesr is made available it is
p-enned tu measure criticel energy es a function of weapon yleld for the
4 oz white -~ 9 ¢z 0G 107 combination 4in contact and with 2 mn spacing.
In eddition, studies on affect of fabric water cont;nt are planned for
the neer future,

4.1.,2 Temperature Messurements.

These studies will continue as outlined In the progress szection.

In addition, it is planned to make some sxploratory studies in the com-

parative temperature responase of skin and the NML simulant,

_
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4.1.3 $Spectra) Messyremepis, A now expanded series of filters are
available which will be used in the same fashion as the earlier group,

R

These filters are as folliown:

Mextomm ) Mexiwup Irrediapce .
0.4 5.0 cal/cnzfuec
0.6 p 5.3 cal/cmz,faec
0.7 u 7.8 cal/cw’/sec
C.9 p : 4.7 cal/ca?/zer
1.2 p 7.3 cel/em®/sec
1.7 p 2.5 eal/en*/aec.

in addition ancther lonpger wavelength filter of coated AgCl is on order
from Harshaw Chemical Company.
4L 1.4 Pupag Studies,

An analysis of critical energy for human skin as a function of
yieid from 37 kt to 10 mt is planned. It is pot possible to go to lower
vielés The end polnts used will be 1% and 2% burns on the volar surtace
of *he {arearm, ‘

4.1.5 FPulse Shape Studles,
These will continue ax outlined in the progrese section cewering

the range 250 kt to 10 mi.

4.2 Ehase 2,
4.2.1 jeute Red Blood Cell Destruciion,

Jt i1s planned to terminate thia phase and issue a repori in the

next reporting pericd.
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4.2.2 Seyerity-Mortality Studles,
Thia study will be activated again during the coming reporting
period. g;_
4.2.3 prea-Mortality Studies,
This study will be mctivated again during the comng reporting
pericd,
4.3 1838
4.3.1 0 11 4 ] of Aytole ell
Studies will be continued in dogs with emphasis on the role of
infeztion in depressing red cell production,
4.3.2 Suryiva) of Transfused Red Cells,
The report >n thiz phase will be complete shortly.
4:3,3 Piasma Homatorcletlc Factor Studies
Stuiies ainmad at preparation of en actlve substance will coniinue.
Viher ~he plasma factor is obtsalned in hiph enough potenor it wili be ap-
piiei in burn:d rats wo measurs ite effect on ircn metabollism in the burned

BLAEAL,

£, _REPUETS AND PUBLICGATIONS DURING THIS REPORTING PERIQU,

i+ E, L. Alpen, J. A_ Alexander and A, K. Pavis., Cowbined Effects of
Tctal Body X-Irradisticon and Radiant Energy Thermal Burus orn the Gmmotic
an? Hecharicml Fragiliiy of the Frythrocyte. Am. J. Physiol. {in press}.
2. W. M Davis, A, £ _Davis, W, Lee and E, L. Alpen. Tne Combined Ef-

facts of Thermal Burns and Whole-Body X Irredletion, IIX, Study of Bliood
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Coagulation., Annals of Surgery (in press).

3. ¥illiam N, Davis, Edward L, Alpen and A, K, Davia, Studies of Redio-
iron Utilization an? Erythrocyte Life Span in Rats Folloving,_'l’harnl In-
Jury. J. Clin, Invest. 34, 67, 1955.

4o W, lee, A, E, Davis, C, Entenman and G, E. Sheline. Phospholipide
Changes in Rat Skin after Exposure to Radiant Thermal Epergy. Arch, of
Biochem. and Biophysics (in press).

5. A. K. Davis, E. L, Alpen and G. E, Sheline, The Combined Effects of
Thermal) Burns and Whole-Body I Irradistion. 1I. Anemia, imn. Swrg. 1240,
726, 1954.

6. William Mabon Davis, Janette D, Bipgelow and Edward L. Alpen. Changes
ip Red Cell Volume and Osmotic Fragility of Erythrocytes in the Rat Follow-
ing Acute Blood Loss. Am, J. Physiol. 178, 17, 195.

7. Edward L. Alpen and Glenn E, Sheline, Ths Combined Effects of Thermal
Burns and Whole Body X Irradistion on Survival Tims snd Mortality, Aunn,
Surg. 140, 113, 195,

8. P. R. Kuhl, G, E, Shelins and ¥, 1, Alpen. Blister Formation and
Tissue Temperature in Radiant Energy and Contact Burns. An, J. Path,

30, 695, 1954.
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TABIE 1

FABRIC CRITICAL ENERGY FOR MINIMAL WHITE BURN PRODUCTION (1 SECOXD EXPQSURE)
Mitchell Carbon Arc

Griticsl Epergy for Miniml White (cal/en®)
Fabrie _—

(9 oz Sateen) Contact 2 . 5 m
Flaming with
sovere skin

Bleached 16,5 21.5 lesion at
6D oal /o
1ight Gray 10.3 ———— ——
Nedivm Gray 5.6 ——— ——
. Flaming with
severe skin
Derk Gray 6.2 s lesion at
110 cal/en®
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TLBIE 2
EFFECT OF PULSE CUTOFF OX EFFECTIVENESS FOR BURN PRODUCTION ("EVASION™)

Q for
Covors | "t | opan® | o Quliee)
{sec.} (cal/er?) Qo s
ncne 6.9 1.0 6.9 5.6
3.0 6.7 B9 7.6 5.4
1.0 5.8 57 10.2 4.7

Qp = total nuclear pulse energy

Que = Wotal energy deliversd up to cutoff point

b

. el
D = critical enerpgy radius for minimum white burn

Q
EE“‘ =z fraction of total energy ln pulse to time of cutoff
14
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