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Despite the current wide employment of 
dimethylsulfoxide (DMSO) in many scientific 
disciplines, its basic mechanism of action at 
the cellular level is ill-understood. I t  has been 
shorn that DMSO in equivalenlt concen- 
trations to those used in human therapy 
damages striated muscle cells( 1) and hepato- 
cytes( 2 )  of rats. The endoplasmic reticulum 
of these cells dilates to form vacuoles; agents 
which are believed to stabilize cell membranes 
and so prevent toxic cellular d,mmge are in- 
effective in the case of DMSO( 2 ) .  Similar ul- 
trastructural changes in the endoplasmic re- 
ticulum have also been observed in fibroblasts 
in the wounds of scorbutic guinea pigs (3,4). 
A study was therefore undertaken to assess 
the relationship of DMSO and ascorbic acid 
in the production and prevention of ultra- 
structural abnormalities in the fibroblasts of 
healing wounds. 

Materials and methods. Two paraillel linear 
incisions 2.5 cm in length were made m the 
shaved abdomen of 16 ether-znaesthetised 
Wistar rats (200-250 g) through the skin and 
subcutanmus tissue. The animals were divided 
equally into 4 groups; all groups had skin 
biopsies taken after 5 days. Group 1 r&ved 
an application to the wound site of 90% 
DMSO 1 hour before biopsy. Groups 2 and 
3 received intraperitoneal doses of 100 mg 
ascorbic acid after 48 hours and again 
at 7% hours and 1% hours before biopsy. In 
addition DMSO was applied in Group 2 as 
described above for Group 1. Group 4, which 
served as controls, was given neither ascorbic 
acid nor had DMSO applied. A total of 16 
healing wounds was examined. Small blocks 
from these wounds were rapidly imanmsd in 
cold osmium tetmxide buffered in S-colldne. 
After dehydration in graded wlutions of 
ethanol, the tissue was embedded in araldite. 
Sections were cut on a Huxley ultramicro- 
tome, stained with lead, and exxnined on a 
JEM T6 electron niicmcope at an ac- 

celerating voltage of 60 KV. In  addition, 
fibroblasts from DMSO-treated cremaster 
muscles of Wivtar rats were examined as 
previously described ( 1 ) . 

ResuZts. Fibroblasts from rats receiving 
neither DMSO nor ascorbic xic! (Group 4) 
or only ascorbic acid (Group 3)  appeared 
normal. Rats receiving DMSO only (Group 
1) : All fibroblasts from wounds of animals to 
which DMSO had been applied exhibited some 
ultrastructural anomaly. The cytoplasm of 
these cells was swollen and electron lucent. 
The cisternae of the endoplasmic reticulum 
were dilated and contained fine fibrillar 
material (Fig. 1). The cisternal mmbranes 
sometimes showed loss of ribosomal material. 
Mitochondria were also swollen and had fewer 
and less prominent cristae. The clusters of 
cytoplasmic ribosomes were diminished. No 
obvious abnormality of collagen fibrils was 
seen. 

Striated muscle fibres m e  also swollen and 
displayed loss of the myofibrillar elements. 
Mitochondria were dixinished in number and 
those present were swollen. Remnants of the 
sarcotubular system evhi bited gross dilatation 
producing large electron lucent vacuoles meas- 
uring 3-8 p in diameter (Fig. 2 ) .  

In rats receiving both DMSO and ascorbic 
acid (Group 2) cytoplasmic swelling and 
dilatation of cisternae of the mdoplasmic re- 
ticulum were again seen. However, these were 
much less severe (Fig. 3) than in the group 
receiving DMSO alone. Myocytic vamdles 
were not present althoilgh welling of striated 
muscle fibres, myofibrillar loss and mito- 
chondrial swelling were present. 

Discussion. The ultrastructural changes 
produced in rat fibroblasts by DMSO in these 
experiments occur mainly in the endoplasmic 
reticulum. The cisternae of this organelle 
dilate and .assume a clear vacuolated appear- 
ance. There are fewer clusters of ni.iiluos<rme~~ 
scattered throughout the cytoplasm, which is 
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FIG. 1. Fibroblast from wound treated with DM 
SO. The cytoplasm is swollen and electron lucent, 
mitochondria are enlarged, the cisternae of endo- 
plasmic reticulum are dilated and free ribosomes 
are diminivhed in nutmber. Magrdication 8695. 

FIG. 2. Striaked muscle fibre from rat after 
DMSO application. The cell is swollen and there 
is myofibdlar disarray. The slements of the 
sarcotubular system are grossly dilated. Magnification 
8418. 

FIG. 3. Fibmblast from animal receiving both D 
MSO and ascorbic acid. Although the cytoplasm is 
swollen and mitochondria enlarged the cisternae of 
ergastoplasm are only slightly dilated. Magnification 
2579. 

most likely swollen by the accumulation of 
water. The endoplasmic reticulum is similarly 

deranged in fibroblasts in wounds of scvr'butic 
guinea pigs. Here the r i b m e s  lose their 
orientation to the cisternal membrane and 
become scattered (3,4). Collagen production is 
also impaired in this deficiency d i m e .  

Insofar as the ribmorne-endoplasmic re- 
ticular slystem is the morphologic counterpart 
of the protein synthetic pathway, the dis- 
turbance of these struotures in scorbutus ex- 
plains the cytologic basis for the lack of 
manulfacture of adcquate collagen. Fulrther- 
more, afjter treatment with ascorbic acid (there 
is a reversion to the normal organellar ap- 
pearance concomitant with the synthesis of 
new coldagen(4). In cur experiments, treat- 
ment witlh ascorbic acid also reduces the 
endoplasmic reticular abnonnali ties produced 
by DMSO. The nature of DMSO-induced 
changes in relation to collagen synthesis hiis 
not been assessed in this situation. Colldteral 
evidence raises the possidbility that such 
DMSO-damaged fibroblasts would have im- 
paired protein symthetic ability. Using analy- 
ses of collagen formation in rats with errperi- 
menltal granulomata .u an index it hias beem 
shown that application of DMSO results in 
lesions containing less of the components off 
collagen than controls( 5 ) .  Likewise, the 
amount of collagen determined by hydroxy- 
p m h e  content,. in human radiation scar tissue 
m less in areas treated by DMSO t k  in 
similar untreated area.  Collagen fibrils that 
had formed b fo re  application of DMSO 
showed no ultrastructural derangement. 
Although the possibility exists that the de- 
creased content of cdlzgen could be [the result 
of degradation caused by DMSO, the evidence 
for this is lacking(6). Other human fibro- 
proliferative disorders have benefited from 
treatment with DMS0(7,8,9). I t  may well 
be that in these conditions the improvement 
resullts from damage t:, fibroblasts which can- 
not then syn'thesise collagen; the balance of 
synthesis and degradatim is altered to favour 
the latter. 

The nature of the effect of ascorbic acid in 
partially inhibilting the damage caused by 
DMSO is unclear. I t  has been shown that as- 
corbic acid is concerned with electron tram- 
port and is transferred in micmomes( 10). 
DMSO, a dip1,a.r aprotic chemical which 
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forins powerful hydrogen bonds ( 1 1 ) , may 
interfere with these intracellular mechanisms 
of electron transfer and this physico-chemical 
disorganisation may result in the morphologi- 
cal changes described. Ascorbic acid, on the 
other hand, may part:ally reverse this effect 
and so limit the chanzes due to DMSO. 

The large vacuoles in muscle fibres treated 
with DMSO resemble those arising from 
sarcotubular elemenlts in hypkalaemic pe- 
riodic paralysis ( 12.13). Impairment of the 
function of this organelle would interfere with 
muscle conltraction and may account for the 
relief of pain in mcscu1oskeleta.l disorders 
described after the application of DMSO ( 14). 

Summary. DMSO cause6 ultrastructural 
changes in rat wound fibroblasts of dilation of 
the endaplasinic reticulum and diminution of 
ribosomes. Such features are similar to those 
described in the wound fibroblast of scurbutic 
guinea pigs. Ascorbic acid partly prevents 
DMSO damage. DMSO probably acts by in- 
terfering with cell membrane electron transfer 
systems and this may be the basis of its 
beneficial effect in clinical situations. 
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Effect of Ozone on Lipid Peroxidation in the Red Blood Cell.* (32444) 
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Brinkman et al have shown that breathing 
ozone potentiates in vitro radiation provoked 
sphering of human erythrocytes( 1). This, 
and other work(2,3), has led to the hy- 
pothesis that ozone is radiomimetic and re- 
sults in free radical formation(4). Lipid 
peroxidation has also been found to be pre 
duced by radiation an? is thought to result in 
the formation of free radicals( 5 , 6 ) .  This sug- 
gests the possibility that the deleterious biolo- 
gical effects of omne are mediated by lipid 
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peroxidation caused by the interaction of 
ozone with the double bonds of unsaturated 
fatty acids. 

T o  investigate this hypothesis, an in vitro 
system employing human erythrocytes as a 
target organ was utilized in preference to ani- 
mal lungs, because of the difficulty in com- 
paring control non-exposed lungs with exporjed 
lungs heavily infiltrated with peripheral 
leukocytes. Erythrocyte osmotic fragility was 
measured as an indication of spherocyte for- 
ma tion. 

Methods. Heparinized or defibrinated hu- 
man blood was washed in isotonic phosphate 
buffered d i n e  pH 7.4, the buffy coat re- 
moved, and the cells resuspended in buffer in 
a 4% concentration. By means of fritted disc 


