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Fig. 1. Electron spin resonance spectra (first derivative) of y-irradiated,

highly purified thymus DNA and the constituents thymine and thymi-

Distance between outerl?osét i%atellites is about 135 gauss. Doses
about 1 Mrad

dine.

Fig. 2. Electron spin resonance {—) spectra of y-irradiated DNA in
vacuum and shortly after introduction of air (——-)

Fig. 1 shows typical electron spin resonance spectra of
DNA, thymidine and thymine. A striking similarity
between these spectra can be observed. The three outer
satellites on each side are present in all three spectra.
Also the central regions have features in common. The
thymidine spectrum agrees with that published by Gordy?,
disregarding minor details in the centre. The radicals in
thymine and thymidine are quite stable, even in air,
while the radicals in DNA decay already in vacuum, about
50 per cent remaining after the first 24 h. If the irradiated
DNA. is exposed to air, most of the radicals disappear
leaving a spectrum which can be seen in Fig. 2. The latter
type of spectrum is also obtained after irradiation of
commercial herring sperm DNA (from L. Light and Co.,
Litd.) containing 2—5 per cent protein. The decay in vacuo
of radiation-induced radicals in the DNA, as well ag their
reaction with oxygen, seem to be dependent on the water
content, but this dependence has not yet been investigated
in detail.

In order to gain some knowledge about the radical
structure, thymine was treated with heavy water, whereby
the dissociable hydrogen was substituted by deuterium.
The only spectral change which can be seen is a sharpening
of the lines, which may be due to diminishing of the
dipolar broadening and/or very weak hyperfine splitting
from the exchangeable hydrogens.

The G-value (radicals per 100 V) for DNA was found
to be 0-4 in the dose range 200-600 krad. The order of
magnitude agrees with results by A. Miiller!® (G=0-6)
and P. Alexander et al.? (G =0-2).

Furthermore, eloctron spin resonance spectra have been
recorded for a mnumber of irradiatod DNA and RNA
constituents, that is, all the pyrimidines and purines and
most of their ribose and deoxyribose derivatives, as well
as most of the corresponding nucleotides. Of the con-
stituents investigated, only thymine and thymidine
(and later also thymidylic acid) gave electron spin
resonance spectra similar to that of DNA. Noteworthy
is that an irradiated sample of a sodium salt of highly
polymerie, pure DNA (from Calbiochem, California) gave
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the same type of electron spin resonance spectrum as
shown for DNA in Fig. 1.

In work on bacteria irradiated by ultra-violet light,
Wacker et al.11:12 has shown that the damage of the DNA
is associated with a dimerization of thymine. Tokarskaya's
in a recent publication ‘‘gives confirmation to the assump-
tion that thymine is the point of injury after having
studied effects of ionizing radiation on dry seeds and
isolated DNA™.

In view of these results, it is interesting to note that
thymine is also the main centre of stabilization of radicals.
This is in agreement with data given by Pullman and
Pullmantt. They conclude, after having compared mobile
orders for the 4-5 bond in pyrimidines and the 7-8 bond
in purines, that ‘‘the pyrimidines should thus, from that
point of view, be much more reactive towards the fixation
of radicals than the purines’” and ‘‘the site of action of
ionizing radiations and the free radicals generated by
them on the purine-pyrimidine pairs of DNA is largely
located in the pyrimidines”.

This work was supported by grants from Riksféreningen
mot Cancer, Statens Rad for Atomforskning, Knut och
Alice Wallenbergs Stiftelse, and a U.S. Public Health
Service research grant 4-5895.
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BIOLOGY

Effect of Air Exposure and Occlusion on
Experimental Human Skin Wounds

THE benefits of special dressings versus air exposure of
cutaneous wounds has long been debated. Winter and
Scales!:? have recently added fresh insight into the
problem. In the domestic pig they demonstrated that an
occlusive dressing doubles the rate of wound re-epi-
thelization when compared with wounds exposed to the
air. In this communication we report parallel studies
performed in man.

Our experimental subjects were healthy adult male
volunteers. Each subject served as his own control.
After intradermal injection of 2 per cent procaine to
obtain local ansesthesia and elevate the skin, we horizon-
tally sliced off the epidermis and upper dermis from 0-5
cm? marked sites on the inner surface of the arms. We
utilized the inner arm, as relatively few hair follicles exist
in this area. This simplifies examination of the point of
origin of re-epithelization, as the epithelium spreads
mainly from the periphery of the wound rather than from
the transected hair follicles.
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Air exposed human cutaneous wound (contml). Notu t,he
angle at which epithclium has grown bencath the eschar

Fig. 2. Occluded experimental humu\ cutaneous wound. Note lack
of eschar and straight epithelial growth

Aftor obtaining heemostasis, we applied 0-1 c.c. of 0-5
per cent neomyecin in saline to prevent infection. The
control wound was left exposed to the air and the experi-
meontal wound occluded with sterile polyethylene film. We
excigsod the wounds with an 8 mm eutaneous punch
at three-, five-, seven-, and nino-day intervals respectively.
After formalin fixation, the specimens were bisected,
paraffin  embedded, serially sectioned, and stained with
hematoxylin and eosin. Wo oxamined the slides at
60 times magnification.

With somo experience it was possible to determine
histologically the site of the original wound as well as the
area of re-epitholization. Wo meagured the length of the
original wound and that of the new epithelium in every
fifth section and totalled for each biopsy. Only growth
from the edges was recorded, and that from hair follicles
and ecerine sweat gland ducts disregarded.
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Table 1. EPITHELIZATION
Total tength Total Per
Sub-  Wound section new cent
ject No. examined ¢pidermis new
(mm x10-?)  (mm x 10-%) growth
3 days 4 51 E* 17,599 2,005 114
52 o* 5,693 1,257 22-0
B 53 E 22,656 2,4.:6 10-8
54 o 12,411 5,857 474
(% 116 B 8,902 1,424 160
117 0] 6,639 1,898 28-b
D 120 B 7.960 1,188 16-4
121 (o] 1,042 1,238 639
5 days K E 3,509 1,014 28-8
(4] 3,746 1,606 4%-8
& 118 E 5,167 668 21-1
119 [0] 2,661 1,978 73-9
D K 2,601 989 365
(4] 2,730 1,365 500
7 days ¥ 105 E 100-0
106 (¢} 100-0
@ 107 H 100-0
108 O 100-0
9 days F 103 E 100-0
104 0 1060-0
109 B 100-0
G 110 (6] 100-0
*K, control, air-exposed. *0, occluded.

The results are summarized in Table 1. Most occluded
gpecimens showed so much more opithelization than the
air-oxposed wounds that the difference was obvious without
benefit of measuromont. No difforence was observed by
the seventh day, as both wounds were 100 per cont
opithelized at this time. No wound infection occurred.
Histologically, in the air-exposed wounds we noted the
epithelium had to grow at right angles to the surface in
order to find a plane of cleavage to proliferate under the
oschar (Fig. 1). Occluded wounds allowed for no eschar
formation, so that the epithelium spread directly across
the wound surface (Fig. 2). This alone may explain the
difference in rates of epithelization.
We do not know whether these observations will fall
in the realm of biological curiosity, or if they will have
practical importance in the treatment of cutaneous
wounds and burns in man. In the past, infection precluded
the practical use of such occlusion, as these dressings
provided the moisture necessary for the multiplication of
pathogenic organisms. With the introduction of potent
anti-bacterial agents for the skin, it may now be practical
to take advantage of such an occlusive dressing as was
used in this study. Clinical investigation is needed to
determine its usefulness in burn and wound therapy.
In summary, experimental split thickness wounds in
humean volunteers were either air-exposed or oeccluded
with a polyethylene film. Re-epithelization was more
rapid in the occluded than in the air-exposed control.
This has been verified for wounds of up to duration of
five days.
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Hinman and Maibach have shown that in human skin
wounds, as in pig’s skin, epidermnal rogeneration is faster
when the wound surface is moist than when exposed to the
air and dry. There is little doubt that this is due to tho
way the scab is formed on an exposed wound surface.
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