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against human strain mycoplasma. Addition 
of 0.002% of MB to PPLO agar converts it 
to a medium which is highly selective for 
Mycoplasma pneumoniae. This modification 
is recommended for epidemiological surveys, 
for purification of cultures, and even for 
identification of M .  pneumoniae. A test based 
on a color reaction between M .  pneumoniae 
and TTC has been described. This test is 
recommended for confirming or establishing 
the identity of this species from other myco- 
plasma of the human respiratory tract. 

The authors are indebted to Dr. Irvin S. Snyder, 
Univ. of Iowa Cdl .  of Med., for helpful suggestions 
in the tetrazolium study. 

1. Chanock, R.  M., Hayflick, L., Barile, M. F., 

2. Clyde, W. A., Jr., Science, 1963, v139, 55. 
3. Somerson, N. L., Taylor-Robinson, D., Chanock, 

Proc. Nat. Acad. Sci., 1962, v48, 41. 

R. M., Am. J. Hyg., 1963, v77, 112. 

4. Edward, D. G., ff., Fitzgerald, W. A., J. Path. 

5. Huijsmans-Evers, A. G. M., Ruys, A. C., An- 

6. Liu, C., J.  Exp. Med., 1957, v106, 455. 
7. Chanock, R .  M., James, W. D., Fox, H. H., 

Turner, H. C., Mufson, M .  A., Hayflick, L., Proc. 
SOC. Exp. Biol. and Med., 1962, v110, 884. 

8. Taylor-Robinson, D., Somerson, N. L., Turner, 
H .  C., Chanock, R. M.,  J. Bact., 1963, v85, 1261. 

9. Clyde, W. A,, Jr., J .  Immunol., 1964, v92, 958. 
10. ~ , Fed. Proc., I, 1964, v23, 2867, 579. 
11. Barile, M.  F., Yaguchi, R., Eveland, W. C., 

1 2 .  Smith, P. F., Morton, H. E., Leberman, P .  R., 

13. Morton, H. E., Lecce, J. G., J. Bact., 1953, 

14. Switzer, W. P., Am. J. Vet. Res., 1955, v16, 540. 
15. Somerson, N. L., Morton, H. E., J .  Bact., 

and  Bact., 1964, v68, 23. 

tonie van Leeuwenhoek, 1956, v22, 377. 

Am. J. Clin. Path., 1958, v30, 171. 

Proc. SOC. Exp. Biol. and Med., 1950, v74, 552. 

v66, 646. 

1953, v65, 245. 

Received November 30, 1964. P.S.E.B.M., 196.5. v118. 

Enhancement of Ethanol Toxicity by Ethacrynic Acid. (30019) 

ROBERT L. DIXON AND DAVID P. RALL 
Laboratory of Chemical Pharmacology, National Cancer Institute, National Institutes of Health, 

Bethesda, M d .  

Ethacrynic acid [ 2,3-dichloro-4- (2-methyl- 
enebutyryl) phenoxy] acetic acid is a new 
potent saluretic-diuretic agent that was de- 
veloped through a search for biologically ac- 
tive compounds that react selectively with 
sulfhydryl groups ( 1 ) . Although ethacrynic 
acid probably most closely resembles the 
mercurial diuretics ( 2 ) ,  its mechanism of ac- 
tion is thought to be qualitatively different 
from diuretics employed commonly. 

During studies in our laboratory on the 
effect of ethacrynic acid on thiol groups it 
was noticed that mice treated with ethacrynic 
acid became much more susceptible to the 
toxic effects of ethanol. Doses of alcohol, 
non-lethal normally, were lethal to a large 
percentage of mice after treatment with this 
diuretic. This problem was further investi- 
gated because of the importance of sulfhy- 
dry1 containing enzymes in the metabolism 
of ethanol, and the possible clinical implica- 
tions of ethanol toxicity. 

This paper presents data concerning the 
increased lethality of ethanol after ethacrynic 
acid treatment and preliminary studies on 
the mechanism of this action. 

Methods. Male and female general pur- 
pose mice weighing 20-30 g were used in 
these experiments. Mice were generally 
treated subcutaneously (s.c.) with the drug 
prior to administration intraperitoneally 
(i.p.) of alcohol. Alcohol was administered 
as a volume/volume solution prepared such 
that the dose/kg of alcohol was brought to a 
volume of 10 ml with distilled water or sa- 
line. One-tenth ml of this solution was ad- 
ministered per 10 g of body weight. 

Blood alcohol was determined by the alco- 
hol dehydrogenase (AlDH) method of 
Bucher and Redetzki as described(3). En- 
zymes and cofactor were obtained from Cal- 
biochem. Yeast AlDH was used as received. 
Equine liver AlDH was used after dialysis 
for 48 hours to remove residual ethanol. 
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TABLE I. Effect of Combination of Ethacrynic 
Acid and Ethanol on Lethality. 

yo Lethality (7  days) 
Ethacrynic acid Saline 

Ethanol treatment treatment treatment 

5.0 ml/kg (3.95 gQcg) 100 90 
3.75 ” (2.96 ) 60 0 
2.50 ” (1.97 ” j 40 0 
1.25 ” ( .99 ” ) 0 0 

.25 ml saline 0 0 

Animals were treated with ethacrynic acid 100 
mg/kg S.C. one hour prior t o  i.p. administration of 
alcohol. Each group consisted of 10 mice. 

Ethacrynic acid (MK-595), kindly supplied 
by Merck, Sharp & Dohme, was dissolved in 
a small volume of 2 %  NaHC03 solution and 
brought to final volume with distilled water 
or saline. Other diuretics used were aceta- 
zolamide sodium (Diamox) , chlorothiazide 
(Lyovac-Diuril) , and mercaptomerin sodium 
(Thiomerin) . 

Results. Table I shows the lethality of 
ethacrynic acid (100 mg/kg) and a variety 
of doses of ethanol in mice. I t  can be seen 
that the combination of ethacrynic acid and 
alcohol greatly increased the percent lethal- 
ity in these mice when compared to, adminis- 
tration of either drug alone. Similar results 
were obtained after oral administration of 
ethacrynic acid followed by alcohol i.p. 

Table I1 demonstrates that even very low 
doses of ethacrynic acid (3.13 mg/kg) re- 
sulted in death within 7 days for some of the 
animals treated with ethanol (3.16 g/kg) . 
This dose of ethanol was selected because i t  
is just below the lethal level. The 7 day 
LD.50 for ethanol administered i.p. is 3.40 

TABLE T I .  Effect of Various Doses of Ethacrynic 
Acid on Lethality of 4 ml/kg Ethanol. 

Ethacrynic acid YO Lethality 
(mg/kg ) (7 days) 

100 100 
50 100 
25 9’0 
12.5 90 
6.285 80 
3.13 30 

(3.60-3.21) g/kg with a slope of 1.016. There- 
fore, even a slight effect of the drug on toxic- 
ity is demonstrable after administration of 
3.16 g/kg (4.01 ml/kg) ethanol. These data 
are in contrast to similar experiments utiliz- 
ing acetaldehyde. Ethacrynic acid adminis- 
tered S.C. a t  comparable doses had no effect 
on the lethality of acetaldehyde (0.5-1.0 ml/ 
kg) administered i.p. 

Table I11 presents the concentration of a 

TABLE 111. Concentrations of Various Diuretics 
Necessary for 50y0 Inhibition of AlDH. 

Concentration for 50% 
inhibition 

Liver AlDH Yeast AlDH 

Ethacrynic acid 5 x 10”M 2.6 X 10“M 
Mercaptomerinsodium 5 X 10-SM 2.5 X 10-9M 
Chlorothiazide >2.5 x 10-2X 2.5 X 10-2M 
Acetazolamide sodium No effect at 5 X lob2 M 

The enzyme reaction was measured by monitor- 
ing reduction of DPN at 340 mp(4). The incuba- 
tion system consisted of enzyme 10“M, DPN loF6 
M, ethanol M brought to a final volume of 3 ml 
with 0.1 M phosphate buffer pH 7.4 containing 0.1 
M semicarbazide. 

variety of diuretics which results in 50% in- 
hibition of the alcohol dehydrogenase system 
described. Equine liver and yeast AlDH are 
presented for comparison. These values were 
obtained by plotting percent of control activ- 
ity against the logarithm of the inhibitor 
concentration. I t  can be seen that ethacrynic 
acid is capable of inhibiting AlDH at  about 

M. I t  should be noted that the mer- 
curial diuretic, mercaptomerin, is also a weak 
in vitro inhibitor of AlDH. Chlorothiazide is 
more than 10-fold less potent while aceta- 
zolamide had no effect on AlDH at  any con- 
centration tested. This in vitro data con- 
cerning mercaptomerin is not paralleled by 
an effect on in vivo studies on alcohol lethal- 
ity. Animals treated with mercaptomerin 
(120 mg/kg) S.C. showed little or no change 
in lethality of 3.16 g/kg ethanol adminis- 
tered one hour subsequently. This dose is 
approximately 4 times the molar concentra- 
tion of ethacrynic acid (15 mg,’kg) which 
results in lethality for 90% of the animals 
treated subsequently with 3.16 g/kg ethanol. 
Similar negative results were obtained in vivo 
with chlorothiazide (60 mg/kg). Acetazola- 

Animals were treated with ethacrynic acid S . C .  
one hour prior t o  administrakion i.p. of 4.0 ml/kg 
(3.16 g/kg) of ethanol. This dose 02 ethanol fol- 
lowing treatment with 0.25 ml of 1% NaHCO, was 
nonlethal. 100 m d k g  of ethacrynic acid adminis- 
tered S.C.  and n i t  fvollowed b y  ethanol was also 
nonlethal. Each group consisted of 10  mice. mide demonstrated no in v i v ~  effect o g  alco- 
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TABLE IV. Venous Blood Ethanol Concentration 
After Prior Treatment of Dogs with Ethacrynic 

Acid. 
~~ 

Alcohol blood concentration (mg %) 
Mill af tcr EtliacryiLic acid 

alcollol treated Control 

30 * 155 2 65 87 2 21 
GO* 96 2 13 7 7 *  9 

120 7 5 2  4 7 0 2  5 
180 6 5 +  4 5 5 2  8 
240 5 1 2  7 47 I+ 12 

Values presented are mean mg % alcohol plus 
or minus standard deviation a t  various times after 
alcohol administration. Asterisk indicates a sig- 
iiificaiit difference from control. 

Five dogs were treated with ethacrynic acid i.v. 
one hour prior to administration of 0.789 mg/kg 
of ethanol. The 4 control dogs received no drug 
trcatinent prior to ethanol. 

hol lethality a t  doses as high as 500 mg/kg. 
Table IV presents alcohol blood levels of 

dogs after prior treatment with ethacrynic 
acid and/or ethanol. Five dogs were treated 
with ethacrynic acid ( 5  mg/kg) intravenous- 
ly (i.v.) one hour prior to administration i.v. 
of 50% ethanol (0.789 g/kg). The control 
dogs received no drug treatment prior to 
ethanol administration. All animals weighed 
approximately 12 kg. Venous blood was 
sampled 30 and 60 minutes after ethanol ad- 
ministration and then hourly for 4 hours. It 
can be seen that the values for ethanol in 
venous blood are significantly higher in etha- 
crynic acid treated than control animals dur- 
ing the first hour after alcohol administra- 
tion. This increase could possibly be due to 
an effect on the metabolism of ethanol. How- 
ever the data are also compatible with a 
change in total body water which might re- 
sult from the potent natriuretic and diuretic 
action of ethacrynic acid. 

Discussion. Data have been presented 
which indicate that ethacrynic acid is capable 
of increasing the lethality of ethanol. Etha- 
nol is enzymatically oxidized to acetaldehyde 
which in turn is oxidized to acetic acid by 
alcohol and acetaldehyde dehydrogenase. An 
effect of ethacrynic acid upon AlDH might 
alter the lethality of ethanol. An effect of the 
diuretic on acetaldehyde dehydrogenase could 
alter the lethality of both ethanol and acet- 
aldehyde. However, in this case only ethanol 
lethality was increased and no effects were 
seen with ethacrynic acid and acetaldehyde. 

Therefore, one possible mechanism of action 
might involve an inhibition by ethacrynic 
acid of the conversion of ethanol to acetalde- 
hyde. This mechanism has been demon- 
strated for chlorpromazine (4) and partially 
explains the increased actions of alcohol after 
treatment with this tranquilizer. 

Ethacrynic acid has been shown to be a 
rather weak inhibitor of alcohol dehydroge- 
nase. Fifty percent inhibition was obtained 
at  a concentration of about M. This 
effect might explain the increased blood alco- 
hol levels demonstrated in dogs after prior 
treatment with ethacrynic acid. However, the 
mercurial diuretic, mercaptomerin also an in 
vitro inhibitor of AlDH was much less effec- 
tive than ethacrynic acid at  comparable dos- 
age in altering in vivo alcohol lethality. Chlo- 
rothiazide is a much weaker in vitro inhibi- 
tor of AlDH, and acetazolamide possessed no 
in z~itro inhibitory effect. Neither of these di- 
uretics show any significant effect in vivo on 
alcohol toxicity a t  the doses investigated. 

Although alcohol dehydrogenase, both 
yeast and liver, contains thiol groups and is 
inhibited by sulfhydryl inhibiting agents ( S ) ,  
and ethacrynic acid has also been demon- 
strated to bind sulfhydryl groups(2), it does 
not appear likely that an inhibition of AlDH 
by ethacrynic acid can be the sole explana- 
tion for these data. Another possibility might 
be that ethacrynic acid, a potent natriuretic 
agent, and ethanol which is known to inhibit 
the release of antidiuretic hormone result in 
a dehydration with abnormal salt loss. These 
effects could result in a decreased extracellu- 
lar volume and therefore greater intracellular 
concentrations of ethanol in animals treated 
with ethacrynic acid. The observed increase 
in blood alcohol of ethacrynic acid treated 
dogs would be compatible with either mecha- 
nism. 

The clinical implications of these observa- 
tions are obvious. Serious consequences could 
occur if patients taking ethacrynic acid be- 
came more susceptible to ethanol. It is clear 
that a person deeply intoxicated is close to 
the toxic level of alcohol, and an effect only 
slightly greater could be very hazardous. 

Summary. Treatment with ethacrynic acid 
increases the lethality of ethanol in mice. 
Dogs treated with ethacrynic acid and etha- 
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Physical and Chemical Properties of H-1 Virus. I. pH and Heat 
Stability of the Hemagglutinating Property.* (30021)) 

ELIAS L. GREENE~ (Introduced by Helene Wallace Toolan) 
Division o f  Virology and Immunology, Sloan-Kettering Institute for Cancer Research, Graduate 

School of  Medicd Sciences, Cornell University Medical College, N e w  York,  and Putnam 
Memorial Hospital Znstitute for Medical Research, Bennington, Vermont 

H-1 virus, one of a group of small spheri- 
cal agents, was isolated by Toolan(1) from 
fractions of human tumor tissue (HEp-1) 
grown in conditioned rats. At least 2 other 
H-viruses are known: H-3, derived from an- 
other human tumor, HEp-3, also grown in 
rats, and H-B, isolated directly from human 
placental tissue. H-3 is similar to Kilham's 
RV( 2 ) .  All the H-viruses produce a specific 
deformity in hamsters injected when new- 
born, but they can be distinguished from one 
another antigenically and by their different 
agglutination patterns with red cells from 
various species of animals. Since its first iso- 
lation, H-1 virus has been obtained repeat- 
edly from human tumors received from the 
operating room and from products of human 
conception, when 3 to 4 blind passages in 
newborn hamsters are done(3). I t  is also this 
virus that is most active in production of de- 
formities in hamsters infected in utero (4).  

The activity of the H-viruses can be meas- 
ured in 2 ways: infectivity in newborn ham- 
sters and agglutination of guinea pig red cells. 

*Aided by Granlts E-110 E and E-343 from Am. 
Cancer SOC. Grant U-1096 11B from Health Re- 
search Council of City of N. Y., and Grants CA- 
02042-11 and CA-0'1826-01 and Training Grant CA 
5015 from Nat. Cancer Inst., N.I.H., U.S.P.H.S. 

t Present address: Putnam 'Memorial Hosp. Inst. 
for Medical Research, Bennington, Vermont. 

Data(5,6) have indicated that the virus it- 
self is the hemagglutinating agent. The pres- 
ent paper reports on the stability of the hem- 
agglutinating property of H-1 virus to ranges 
of heat and pH. 

Materials and methods. Source of virus for 
these experiments was the liver of hamsters 
injected within 3 days after birth with the 
sixth hamster passage of H-1 virus. Livers 
from moribund hamsters were excised, 
minced, diluted to 10% (w/v) with sterile 
distilled water, homogenized in a Waring 
blendor, and filtered through a Selas porce- 
lain candle filter, porosity 0.03. The filtrate 
was partially purified by centrifugation in a 
Beckman-Spinco ultracentrifuge in a 40 rotor 
at  30,01080 rpm for 5 hours. The pellet, re- 
suspended in distilled water, contained more 
than 67% of the initial hemagglutinating ac- 
tivity and about 8% of the original protein, 
as determined by the Lowry method( 7 ) .  This 
final virus preparation had a titer of 1280 
hemagglutinating units (HA units) with 
guinea pig red cells. 

Hemagglutination assays were run as fol- 
lows: equal parts of dilutions of virus and 
0.4% guinea pig red cells were mixed. Phos- 
phate-buffered saline (PBS), pH 7.2, was 
used as the diluent and suspending fluid. The 
mixtures were stored overnight in the cold 
room at 5"C, and the end-point was read the 


