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Table 1 
Volume of Reaction time (min) % 

Degrading DMSO 10 350 1,200 Decrease 
agent added (ml.) 17sp in 17sp 

Ascorbic acid 0 0·139 0·036 0·029 79·2 
0·005 0·138 0·122 0·114 17·4 
0·01 0·142 0·127 0·120 15·5 
0·05 0·166 0·158 0·148 10·8 
0·10 0·174 0·175 0·174 0·0 

Hydroquinone 0 0·136 0·080 0·049 64·0 
0·005 0·129 0·127 0·120 7·5 
0·01 0·140 0·135 0·133 5·2 
0·05 0·121 0·118 0·115 4·9 
0·10 0·142 0·143 0·143 0·0 

Tetracycline 0 0·137 0·123 0·053 61·3 
0·005 0·129 0·126 0·086 33·2 
0·01 0·124 0·123 0·096 21·8 
0·05 0·120 0·121 0·119 0·8 
0·10 0·139 0·140 0·139 0·0 

the effects of external agents, such as antibiotic preserva
tives and their ability to participate in an ORD reaction, 
together with methods of preventing such degradation. 

Solutions (4 ml.) of umbilical potassium hyaluronate 
(Flukka) (0·045 per cent) in phosphate buffer (pH 7·3, 
0·3 M) were mixed in U-tube viscometers at 30° C with 
aqueous solutions of the following antibiotics: penicillin 
G (5·4 mM/1.), streptomycin sulphate (5·4 mM/1.), poly
myxin B sulphate (5·0 mM/1.), neomycin sulphate (5·4 
mM/1.) and tetracycline hydrochloride (5·2 mM/1.). The 
percentage change in specific viscosity (1Jsp) of each digest 
after 21 h was 2·0, < 1, 4·7, 3·9 and 65·5, respectively. The 
degradation by tetracycline followed an initial period of 
about 3 h, during which no degradation was observed. 
The change in 1JSP of a control solution of hyaluronate 
mixed with de-ionized water (2 ml.) was 2·2 per cent, while 
another mixed with an aqueous solution (2 ml.) of 
vitamin K (5·4 mM/1.) showed less than 1 per cent 
decrease. 

The considerable decrease in 1JSP of the hyaluronate 
solution when mixed with tetracycline suggested that an 
ORD reaction was taking place. Attempts to show free 
radical inhibition in this reaction, by addition of sodium 
diethyldithiocarbamate, failed due to precipitation, caused 
by interaction between the antibiotic and the inhibitor. 

However, we have found that this and other ORD type 
degradations of hyaluronic acid can be inhibited by 
dimethyl sulphoxide (DMSO). The latter was added in 
different proportions (0·005 ml.-0·1 ml.) to standard 
hyaluronate solutions (4 ml.) as used here. Solutions (2 ml.) 
of ascorbic acid (0·56 mM/1.), hydroquinone (0·55 mM/1.) 
and tetracycline (5·21 mM/1.) were then added severally 
to the separate digests and the changes in 1JSP determined 
over 24 h. 

In each case the degradative action of the additives 
was decreased by increasing concentrations of DMSO 
(Table 1), demonstrating that DMSO is a useful inhibitor 
of the ORD reaction. The finding6 that DMSO is an anti
inflammatory adjunct and a bacteriostatic agent may 
depend in part on the ability of DMSO to inhibit free 
radical biological reactions. It is of interest to note that 
in recent investigations connected with the storage of 
cornea', DMSO has been found to be an extremely 
effective preservative. 
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BIOCHEMISTRY 

Failure of Phenol to remove Residual 
Protein from Hyaluronic Acid 

IN view of the successful removal of protein-containing 
material from carbohydrates1 and from nucleic acids 2 by 
extraction with phenol, we have attempted by this means 
to remove the protein which remains associated with 
hyaluronic acid when the latter is prepared from ox 
synovial fluid by filtration 3 •4 • Solutions were extracted at 
0°-2° with phenol to give about equal volumes of the 
phenol and water-rich phases. Phenol was removed 
from the water-rich phase by extraction with diethyl 
ether or by dialysis. 

Preliminary experiments showed that a single extraction 
would remove 80 per cent of the protein present in the 
filtrate obtained from synovial fluid (measured by 
extinction at 280 mµ after removing the phenol). Hyal
uronic acid (measured as glucuronio acid by the method 
of Bitter and Muir5 ) was not extracted to a significant 
extent. 

Table 1. ANALYSIS OF HYALURONIC ACID-PROTEIN COMPLEX BEFORE AND 
AFTER EXTRACTION SIX TIMES WITH PHENOL 

Sample 
Dry wt. (mg/ml.) 
Total N (mg/ml.) 
Total N/dry wt. per cent 
Protein per cent of dry weight 

Before After 
extraction extraction 

0·69 
0·047 
6·77 

28 

0·42 
0·025 
5·84 

21 

Accordingly, a sample of hyaluronic acid from which 
most of the filtrable protein had been removed was 
subjected to six successive extractions. The extracted 
solution was freed from phenol and its nitrogen content• 
per dry weight was compared with that of the original 
material (Table 1). The protein contents were calculated 
on the bases of the analyses of Preston et al. 4 • (N content 
of protein 15·5 per cent; ofhyaluronio acid 3·34 per cent.) 
It is seen that phenol extraction reduced the protein 
content to, but not below, the value obtained by exhaustive 
filtration. 
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Dehydrogenation of trans-trans Farnesol by 
Horse Liver Alcohol Dehydrogenase 

Christophe and Popjak1 have recently reported that a 
number of prenols2 could serve as substrates for horse 
liver alcohol dehydrogenase (LADH) but they could not 
act as substrates for yeast alcohol dehydrogenase. This 
high degree of specificity of the prenols for LADH led the 
same authors to propose that the physiological role of the 
enzyme is connected primarily with the metabolism of 
intermediates of sterol biosynthesis and of similar natural 
products, and only fortuitously with dealing with man's 
social habit of consuming ethanol. 

During the course of a study of the specificity of 
LADH towards sterols11 some trans-trans farnesol was 
prepared and tested as a substrate. This compound was 
of more interest than the other prenols since it had 
previously been implicated as being directly involved in 
cholesterol biosynthesis by rat liver homogenates. 
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