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Antibacterial Activity of d-Usnic Acid and Related Compounds on 
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From Xmti Fork University, College of Medzbine and fke  Coii.vsrse Memorial Laboratory, 
Harvard l7'nivm.Yity. 

Usnic acid, a lichen acid isolated over 
a century ago, has been the subject of active 
study at  various schools of chemistry in1 re- 
spect to structure. That it is a promising 
antibiotic particularly antagonistic to M. 
tuberculosis in vitvo and in vivo was discovered 
by Marshak and has since been confirmed 
in vitro by Stoll, Brack and Renz, Barry and 
more recently by Shibata and 12kita.14 

The excellent antibacterial characteristics 
of usnic acid are somewhat offset by its poor 
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water solubility which leads to difficulty in 
administration to animals and a considerable 
degree of toxicity. It is therefore of interest 
to ascertain whether or not these drawbacks 
could, be counteracted by suitable operations 
on the molecular architecture of usnic acid. 
Accordingly, a series of derivatives and de- 
gradation products of d-usnic acid have been 
prepared in the hope that one or other of 
these compounds (KO. 2-10, Xo. 15-18 and 
No. 21) might possess more advantageous 
pharmacological and antitubercular properties 
than usnic acid itself; these could conceivably 
arise in the animal organism as a result of the 
customary detoxification mechanisms. More 
specific attempts to prepare derivatives which 

a Stoll, A., Bra.&, A., and Rms, V., Erperimtia, 
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TABLE 1. 

Growth of X. tuberculosis H 37 Rv 
0 means no growth 7 
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* Suspension slightly turbid due to low solubility of drug. 
f Samples of these were furnished by Prof. Alexander Robertson, F.R.S., to  whom our grateful thanks are due. 
$ These differed in melting points from those previously recorded in literature, but gave correct analytical figures. 
Solubility : s-?3ohtion, c-eolloid, p-suspension. 

This may account for higher density readings. 
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might exhibit desirable solubility character- 
istics consisted in the condensation of usnic 
acid with substances bearing hydrophylic 
groupings. The compounds obtained in this 
connection are No. 29-33. Furthermore, a few 
substances possessing some of the structural 
features of usnic acids, No. 11-14, No. 19, 
No. 20, No. 22-27 have also been included 
for the examination of their antitubercular 
potentialities. -4 total of 33 compounds, re- 
lated to usnic acid, have therefore been tested 
against the tubercle bacillus strain H37 Rv. in 
Dubos medium, using d-usnic acid for com- 
parison. I t  appears desirable to report the 
results so far obtained in view of the recent 
publication of Shibata and V‘kita on similar 
lines. They are given in Table I which also 
includes vulpinic acid. 

IYe had hoped that this preliminary inquiry 
would reveal the minimum .structural require- 
ments of the usnic acid molecule essential for 
activity and the relationship, if any, between 
chemical constitution and antitubercular ac- 
tion in this group so that further planned 
progress could be made in the chemotherapy 
of mycobacterial infections. An examination 
of the present results, which are qualitatively 
in agreement with ‘those of Stoll and his asso- 
ciates and Shibata and I‘kita. could give rise 
to numerous generalities of a speculative 
nature. However, the relationship between 
structure and activity seems to be particularly 
obscure in this class of compounds. On the 
one hand, there is the utter lack of specificity 
of action of the stereoisomeric usnic acids un- 
like other optically and physiologically active 
natural products, and on the other. there is 
the apparently high degree of specificity of 
the entire usnic acid molecule for antituber- 
cular activity. However, it  is gratifying to 
fmd that some of the simple derivatives of 
usnic acid, the mono- and diacetyl usnic 
acids, dihydrousnic acid, m and p-hydroxyus- 
nanilides, have activities equal to or com- 
parable to that of the original substance. 
These compounds are now being subjected to 
further investigation. 

6 Dubos, R., PWC. SOL EXP. BXOI,. h N U  MED., 
1945, 58, 361. 

83, 409. 
eDubos, R., and Davis, B., 3. Ezp.  Hed., 1946, 

Experimental. ,411 tests were made by in- 
oculating 0.1 ml of an 8-10-day-old culture 
diluted 6 x lo3 into 5.9 ml of culture medium 
plus drug in 20 x 125 mm screw cap tubes 
which were then incubated at 37°C. Dubos 
liquid culture medium was used.”6 The cul- 
ture tubes were previously selected to have 
the same optical density in the Coleman spec- 
trophotometer to within 0.5%. Readings of 
the optical density of the culture in these 
tubes were then taken at  3, 10, 15. and 20 
days after inoculation and compared with the 
growth of the control cultures grown at the 
same time. 

-411 substances to be tested were dissolved 
i n  hot acetone, filtered thru a Corning U.F. 
filter into a small quantity of culture medium 
from which the acetone was then evacuated 
under reduced pressure. The sodium usnate 
was also tested by dissolving it in a minimal 
amount of warm (60°C) 2 %  NaiCO, before 
addition to the culture medium. Both 
methods gave the same results. -4 few com- 
pounds gave clear solutions; the remainder 
were either colloidal or finely divided particu- 
late suspensions as indicatedl in the table. 

The optical density readings at 10, 15, and 
20 days after inoculation were expressed as 
percent of the control readings and then classi- 
fied into 4 groups, Group 1 being 1 to 25% 
of the control reading, Group 2 ,  25 to 5OyG, 
Group 3, 50 to 7576 and Group 4, 75 to 
100%. Zero indicates no growth as measured 
by optical density. The results are given in 
Table I. -411 tests were made in duplicate. 
In a few cases the tests were repeated at a 
later date. The values for these are indicated 
in parentheses. 

Summary. The entire usnic acid molecule 
is involved in its action against the tubercle 
bacillus since any major alteration in the 
molecule markedly reduced or destroyed the 
activity. This is in marked contrast to the 
equal activity previously demonstrated for 
stereoisomeric usnic acids. 
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Professor Louis F. Weeer, in whose laboratories 
the chemical work was carried out, for his advice 
:nid twcouragemcnt, and also to Mks Blanche 
Burkhazrt for her assistance with the baeteriologi- 
CPI tests. 




