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FOREWORD

The work described in this report was authorized under Project IT0611I1A91A,
Studies on the Acceleration of Wound Healing. Thk work was started in October 1969 and
completed in March 1971. The data are recorded it TSD notebooks MN-2300 and MN-2372.

In conducting the research described in this report, the investigators adhered to the
"Guide for Laboratory Animal Facilities and Care," as promulgated by te Committee on the
Guide for Laboratory Animal Resources, National Academy of Sciences-National Research
Council.

Reproduction of this document in whole or in part is prohibited except with
permission of the Commander, Edgewood Arsenal, Attn: SMUEA-TS-R, Aberdeen Proving
Ground, Maryland 21010; however, DDC and the National Technical Information Service are
authorized to reproduce the document for Unitea States Governmen t purposes.
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'k. DIGEST

A model system has been developed for studies of the direct effects of high pressure
oxygen on skin growth and viability. The data demonstrate the feasibility of the system in
studies of the effects of hyperoxygenation by exhibiting the toxicity of 100% oxygen under theEof

conditions employed.
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MICROFIBER GLASS DISCS,
K A NEW SUPPORT FOR SKIN ORGAN CULTURES

I. INTRODUCTION.

For several years, this laboiatory has studied the effects of high pressure ox ygen on
F the survival of traumatized tissue. 1 ,.2,3 As an extension of a study of the influence of high

pressure oxygen on skin pedicle flaps in rabbits, an in vitro model system has been established to
determine the direct effect of high pressure oxygen on the viability of rabbit skin. The viability
of the skit, in organ culture is assessed by the uptake of DNA-precursor tritiated thymidine from
an aqueous culture medium. The In vitro system to be described is designed to allow direct
exposure of the epidermis to the gaseous environment whi'1 ; the dermis rests on an absorbant
support matrix. The unique support matrix in this system consists of a microfiber glass prefiter.
This matrix provides an inert stationary support for the skin organ culture but permits rapid and
quantitative removal of the skin for bioassay.

1I. MATERIALS AND METHODS.

Ani adult New Zealand albino rabbit was sacrificed, clipped, and shaved. The
a1'dominal skin surface was cleansed wvith pHisoHex surgical detergent and zephiran chloride

1: 1000) antiseptic (both from Winthrop Laboratories, New York, New York. Skin preparation
was completed with three rinses of sterile 0.9% saline solution. Full thickness abdominal skin was
removed and cut into 2- by 2-mim squares.

Individual pieces of skin wnre placed in growth medium with four times the usual
concontration of antibiotics for 30 to 45 minutes prior to culture preparation. The standard
g~rowth medium was 90 Eagle's minimal essential medium with "'irle's balanced salt solution
and 10%R calf serum. Additives included 2 pinolus/nil L-glutamine, 100 units/nil penicillin, and
100 pig/utl streptomnycin. Media and supplements were obtained from Microbiological Associates,
Bethesda, Maryland.

Organ cultures having four pieces of skin each were established in standard 60-rm
glass Petri dishes. Tito growth surface consisted of a Millipore (Millipore Corporation, Boston,
Massachusetts) inicrofiber glass prefilter (No. AP 25-042-00) placed with the smooth side up. The
prefilters were washed in 0.9% saline mid sterilized in the Petri dishes. by autoclaving. Four

iAckemmis. N. K .uid taunke. V. I). Cornpin of iUf&et un Timue Oxy~c'iutwi of Hylkibaric Oxyten and Iilutlau
dr oro4Wajd, Sutgety 63. 283 (IM6).

G (ruber, R. 1'.. IRdkty, F. B., Amato, J, I.. and Mcadeliwa, J, A. ftypjtbuWi Oxygen 3Ad Pedicle 1qli. Skin~ Grafts. and
Burn. Plait. Acconttt. Surg. 45, 24 (1970).

SGruber, R~. P., M~ly, L 1., Itenkamp, V Hi.. and AM, J. 1.. Hypctbri Olky~nawon Of pedkI@ FlAPS Witout (hygell
Toaidty. Ibid. 46.4T? (19710).
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milliliters of growth medium was added to each dish to saturate and thinly cover the surface of
the prefilter. Cultures were incubated in a hyperbaric oxygen chamber (Bethlehem Corporation,
Bethlehem, Pennsylvania) at 37°C in an atmoaphe,e containing 5% carbon dioxide and 95% air
or oxygen at 60% to 65% relative humidity. The two atmospheric conditions -.mployed above a.
referred to as 20% oxygen and 100% oxygen [both at 1 atmosphere absolute (atm abs)].

Two culturos were labeled each day with 2.0 microcuries each of
thymidine-methyl-H 3 (New England Nuclear Corporation, Boston, Massachusetts) in 0.2 ml of
growth medium. The two cultures were harvested after 24 hours and the tissue was removed. All
tissues were washed three times in 0.9% saline solution, blotted on filte, paper, weighed, and
transferred to plastic liquid scintillation vials. Digestion was carried out in 0.5 ml of NCS
solubilizer (Nuclear-Chicago Corporation, Des Plaines, Illinois) for 24 hours at 50'C. At the end
of this period, 9.5 nml of scintillation fluid4 was added to each vial. Samples were counted at 40C
in a Nrilear-Chicago liquid scintillation spectrometer at a counting efficiency of approximately
48%. The count rate in all samples was at least live utmes the background rate, Specific
radioactivity of each sample was calculated from the resulting counts and the known tissue
weights.

III. RESULTS.

Tissue viability and growth under culture conditions in 20% oxygen was ascertained
by visual inspection as well as by determination of thymidine uptake (figure). The curve
obtained demonstrated an initial "growth phase" characterized by a rapidly increasing rate of
thymidine uptake and a subsequent "stationary phase," wherein the rate of thymidine uptake
increased very slowly. in the presence of 100% oxygen, thymidine uptake was minimal and no
grow,:h or stationary phase was evident (figure), eor comparison, when tissue was killed by
heating in boiling water for 3 minutes (figure), th _ vti of thymidine uptake was approximately
the same as in those exposed to 100% oxygen,

IV. DISCUSSION.

A number of previous studies in which skin organ cultures5 ,6 ,7 were used have
suggested that oxygen may ho toxic to skin it' given in too high concentration or at hyperbaric
pressures. Reavett and Cox' have shown that oxygen at concentrations greater than 40% (at I
atn abs) decreasas itotic activity and thymidine-tnethyl-W uptake, In their study, however,
small pieces of skin were used (3 to 5 nmn in diameter), With larger skin fragments of up to 1.5
cm in diameter, othe-r studies8 have shown hyperbaric 100% oxygen to prevent central necrosis
and maintain survival.
4 P'tte~on M S., Wr Gamte, i&, C. MW-+aurerrta of Low ELup Bets-Eutt, to Aqugo~ Solutlon by Uqui S"tittoiin
Contins of t'mW tA. Anl. (txChm, A54 (1965).

5 lkpplestwt. A, E., gad Shtkint, )..D. D Iu1m Racwioa to Ityp ~ltc Osyteu. Lame't 7, 11)5 (96.4).
6 Mcpathn0, gl. M., gnd Wemulh. R. E, The Vre of Ilypetlebt Oxygm to Pte"Ai Ntclods In EptlzmntM i Pedkle F1ap

and (,o~tpdta Sika Ckafts. I a. Recoottt. Suft. 3, 422 (1966),
7 tica". L P,, and 'ox, A. J, Wavior of Adult PF ,n Skin In Orpn Culture. 3. iktst. ImIat. SO, I ( 196).
8 St. It, A.. and lhas. N. A. O)rlm Culture a5 rumt (i ¢,uo i ,p ypelet O ygea. Am, . iSd. S4. W,391 (1966),
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The contradictory nature of the foregoing reports and a requiremnent for direct
asses. ment of the effect of high pressure oxygen on rabbit skin viability prompted the
development of the model system described in this report. The preliminvry data obtained
demonstrate that 100% oxygen (1 atmn aba) is toxic to 2- by 2-mm rabbit skin fragments whereas
20%1 oxygen 0I atm abs) promotes normal growth. The solution of the problem of skin size
versus optimal oxygen concentration and pressure will require additional experimentation.
Simplification of the problem, however, may be achieved by use of the nicrofiber glass disc
culture technique employed in this investigation.

V. SUMMARY.

A model system Wa been developed for studies of the direct effecos of high pressure
otykgim on jkiin iowth eaq 40H~b!4.y. The dato dewtrnwtrAte the feasibility of this systemn in
studies on the effects of 'iyperoxygenation by exhibiting the toxicity of 100% oxygen under the
conditions employed.
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