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TABLE 11. The Effect of Ergotamine Tartrate and 2% Starch Solution on Epinephrine- 
Induced Hyperglycemia in the Rat. 

z .  Avg blood sugar in mg TO-------\ 
No. of Contro1,t -1% hr after epinephrine$- 

Ergotanline tartrate 9 86.1 2.6" 53.7 2 4.8" 154.0 f 5.0* 

Coinpouiid rats/group tail blood Tail blood Heart blood 

2% starch sol. (control) 8 85.3 f 3.7 212.1 f 10.6 2.30.8 f 10.1 
_. ___ 

* ,Stand. error of mean. 
t Blood sample taken after 16 hr fast, before admin. of compound. 
$ Dose 0.2 iiig/kg of epinephrine hydrochloride subcut. 20 min. after sdmin. of ergotarnine 

tartrate or 270 starch sol. 

by cardiac puncture exhibited normal glyce- 
mic levels. This discrepancy is probably re- 
lated to the prolonged vasoconstrictive action 
of ergotamine tartrate and the resultant in- 
terference with normal peripheral circulation. 
It would appear that 0.2 mg/kg of epineph- 
rine hydrochloride had little effect on the rat 
peripheral circulation since the hyperglycemic 
response in the starch-treated controls was 
equally distributed between systemic and 
peripheral blood. The results with insulin 
indicated that a true hypoglycemic agent low- 
ered both tail and heart blood sugar values to 
the same extent. Slight inhibition of 
epinephrine-induced hyperglycemia by ergo- 
tamine tartrate was evident in heart blood, 

but appeared complete in tail blood, a reflec- 
tion no doubt of the impairment of peripheral 
circulation by ergotamine tartrate. These 
results indicate very strongly that systemic, 
not peripheral blood, is the better indicator of 
drug effects on the blood sugar level. 
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The discovery by Elson(1) of the fungi- 
static activity of propamidine (p,p'trimethyl- 
enedibenzamidine) against a number of patho- 
genic fungi led to further confirmatory inves- 
tigations of other aromatic diamidines (2-6) 
such as pentamidine (p,p'-pentamethylenedi- 
benzamidine) and stilbamidine ( p,p'-stilbene- 

~ 

* This investigation was supported by the Research 
and Development Division, Office of the Surgeon 
General, Department of the .4rmy. Compounds 
tested were obtained from the Upjohn Co., the 
William S. MerrelI Co. and the Dow Chemical Co. 

dicarboxamidine) and to clinical trials in the 
treatment of systemic mycotic infections 
(7-12). Singular success was obtained with 
the use of stilbamidine in the therapy of 
North American blastomycosis. Curtis and 
Harrell(l0) described 2 cases of North 
American blastomycosis that responded to 
treatment by large doses of diethylstilbestrol 
and noted the similarity of the chemical 
structures of stilbamidine and diethylstilbes- 
trol. It was considered worthwhile to screen 
for antifungal activity other compounds with 
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chemical formulae related to the stilbene 
nucleus : 

Methods and materials. Antifungal activ- 
ity was measured by the serial dilution agar 
slant method as described previously in an- 
other paper ( 5 ) .  This consisted essentially of 
setting up serial dilutions of the compound 
being tested in Sabouraud's dextrose agar 
slants in concentrations of 1 mg per ml, 0.1 
mg per ml, 0.01 mg per ml, and 0.001 mg 
per ml medium. If complete inhibition oc- 
curred in all the tubes, the dilution was ex- 
tended to 0.0001 mg per ml and O.oooO1 mg 
per ml medium during repeat experiments. 
The pH of the media was determined. The 
solvent used was acetone so that additional 
acetone controls were made by adding 1% 
acetone to the Sabouraud's dextrose agar. The 
experiments were all done in duplicate and 
repeated when considered necessary. The 

test organisms used were strains of pathogenic 
fungi maintained in the stock collection of 
the Department of Dermatology of the Uni- 
versity of Michigan Hospital. Equal amounts 
of suspensions of the organisms in physiologi- 
cal saline solution were inoculated on the agar 
slants. Growth was observed at room tem- 
perature and the end-point was determined at  
the lowest concentration of the compound 
where complete inhibition of 'the growth of the 
organism occurred. The 53 compounds avail- 
able for the screening survey were aromatic 
ethylenes and included a number of cinnamic 
acid derivatives. 

Results. In order to eliminate compounds 
that do not exhibit any significant antifungal 
powers, preliminary screening procedures were 
performed using as test organisms 5 fairly 
representative organisms: Trichophyton rub- 
rum, Microsporum audouini, Candida albi- 
cans, Cryptococcus neojormans, and Blasto- 
myces dermatitidis. Compounds which showed 
promising activity against these 5 species were 
tested against the remaining pathogenic fungi, 
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It became apparent from these preliminary 
results that a group of compounds belonging 
to the nitrostyrenes possessed a high degree of 
activity against pathogenic fungi. The activ- 
ity of the group was higher than the other 
compounds tested. including stilbamidine and 
propamidine, whose clinical efficacy has al- 
ready been demonstrated. The similarity in 
structure between the nitrostyrenes and the 
stilbene nucleus can be seen from the struc- 
tural formula for P-nitrostyrene. 

These 5 nitrostyrenes were 1 ) p-nitrostyrene, 
2 )  p-methosy-P-nitrostyrene. 3 ) p-acetosy- 
p-nitrostyrene. 4) p-niethyl-/j-nitrostyrene 
and 5 ) p-methosy-p-methyl-P-nitrostprene. 
Their in zjitro activity against the growth of 
pathogenic fungi is shown in Table I. 

The literature contains sonie references to 
the antifungal properties of the nitrostyrenes. 
Horsfall( 13) pointed out, -.the esccllent fun- 
gicidal and reasonably good protective powers 
on foliage" of p-nitrostyrene and p-methyl- 
P-nitrostyrene. NcGowan, Brian, and Hem- 
ming( 14) studying the fungistatic activity of 
ethylenic and acetylenic compounds. found a 
number of nitrostyrenes effective against 
Botrytis allii, Fusariunz graminearunz, and 
Penicillium digitatunz. One of the com- 
ponents of essential oils reported to be fungi- 
static by Vilanova and Casanovas ( 15) was 
isoeugenol , p-hydroxy-o-niethoxy-p-methyl- 

styrene. 
Summary. In  screening 53 compounds with 

chemical formulae related to the stilbene 
nucleus for antifungal activity by the serial 
dilution agar method, a number of nitrosty- 
renes were found to exhibit a high degree of 
activity against pathogenic fungi. 

1. Elson, W. O., J .  Infect .  Dis., 1945, v76, 193. 
2. Seabury, J. H., and Artis, D., PROC. SOC. EXP. 

3.  Snapper, I., Schneid, B., McVay, L., and Lieben, 
F., Tr. N .  Y .  Acad. Sci., 1952, v14, 269. 
1. Heilman, F. R., Proc. Sta8 Meet. Mayo Clin., 

1952, v27, 455. 
5 .  B O C O ~ O ,  F. C., Curtis, A. C., and Harrell, E. R., 

J. Invest. Derm., 1953, v21, 149. 
6. Christison, I., and Conant, N. F., J .  Lab. and 

Clin. Med. ,  1953, v42, 638. 
7. Colbert, f.,  Straws, M. J., and Green, R. H., 

J .  Invrst .  Derm., 1950, v14, 17. 
8. Schoenbach, E. B., Miller, J. M., Ginsberg, M., 

and Long. P. H., J.A.M.A., 1951, v146, 1317. 
9. Schoenbach, E. B., Tr. N .  Y .  Acad. Sci., 1952, 

vl?, 2 i 2 .  
10. Curtis, A. C., and Harrell, E. R., Arch. Berm. 

and S y p h . ,  1952, v66, 676. 
11. Schoenbach, E. B., Miller, J. M., and Long, 

P. H., Ann. Znt. Med. ,  1952, v37, 31. 
12. Miller, J. M., Long, P. H., and Schoen- 

bach, E. B., J.A.M.A. ,  1952, v150, 35. 
13. Horsfall, J. G., Fungicides and Their Action; 

Chronica Botanica Co., Waltham, Mass., 1945, p142. 
11. McGowan, J. C., Brian, P. W., and Hemming, 

H .  G.,  Ann. Applied Biol., 1948, v35, 25. 
15. Yilanova, X., and Casanovas, M., J .  Invest. 

Derm., 1953, v20, 41'1. 

BIOL. AND MED., 1946, ~ 6 1 ,  15. 

Received January 11, 1954. P.S.E.B.M., 1954, v85. 


