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17058. A Comparative Study of the Local Toxic Action of Mercurial 
Diuretics. 

ROBERT A. LEHMAN, HARRY TAUBE, AND E. E. KING. 
Prom Department of Therapeutics, New Yorh Univers i ty  College of Medi.che, New Pork Ci ty .  

Th'e mercurial diuretics have today a se- 
cure place in the management of the edema- 
tous patient because of their effectiveness and 
dependability. However they give rise, on 
occasion, to various side effects of which ir- 
ritation at  the site of injection and an acute 
toxic action on the heart are the most sig- 
nificant. This latter action may sometimes 
be fataP3 and in an attempt to eliminate it 
a new type of mercurial has recently been 
made available under the name Thiornerin.* 
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This drug is identical with Mercuzanthin 
(Mercurophylline, USP XIII) except that it 
contains sodium mercapto acetate in chemical 
combination with the mercury instead of theo- 
phylline. In  animal experiments it failed to 
produce the typical ventricular tachycardia 
and fibrillation which occurs after the other 
 diuretic^.^ Thiomerin also appears to be less 
toxic to tissue and has been proposed for 
clinical use by subcutaneous injection. It 
therefore seemed desirable to make a detailed 
comparison of the mercurial diuretics with 
respect to the reaction which they produce at  
the site of injection. Thiomerin, Mercuzan- 
thin, and Mercuhydrin were used in this study. 

It has Subcutaneous Injection in Mice. 
4Lehman) R. A., PROC.  Soc. EXP. BIOL. AND 

XED., 1947, 64, 428. 
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previously been shown in rabbits, that addition 
of theophylline to a parent mercurial such 
as Salyrgan or Mercuzan, protects the skin 
from the severe necrosis following intradermal 
injection.g However, this technic was not 
found to give a sufficiently sensitive or con- 
sistent response for the study of mercurials of 
a less irritant character. The albino mouse was 
selected as a more suitable animal since, un- 
like the rabbit, the skin over the abdomen is 
thin enough so that necrosis cannot escape 
detection, and large enough groups of animals 
can be used to evaluate the effect of individual 
variation. 

Three groups of 5 mice in the weight range 
of 20 to 30 g were selected at  random and 
the hair carefully clipped over the abdomen. 
The first group received Thiomerin! the sec- 
ond Mercuzanthin and the third Mercuhydrin 
all by subcutaneous injection in a dose of 0.03 
cc of undiluted solution as supplied for clini- 
cal use (40 mg of mercury per c ~ ) .  A one 
quarter cc tuberculin syringe with a 2 7  gauge 
hypodermic needle was used with the bevel up. 
All the animals were injected on the same 
day. Approximately 24 hours after the in- 
jection the mice were examined for evidences 
of toxicity. They were then anesthetized 
with a barbiturate and photographed in color. 
These photographs appear as Fig. 1. 

I t  will be oibserved that in the case of 
Mercuzanthin the destruction of tissue has 
progressed in all animals to thle point of skin 
breakdown over a substantial a’rea of the 
abdomen. The very dark discoloration ac- 
companying some of the lesions suggests the 
presence of extravasated blood. In every case 
there is a white ring surrounding the area of 
necrosis which is presumably due to inflam- 
matory exudate. 

The response to Mercuhydrin is of similar 
character but somewhat less severe, more 
superficial, and involves a smaller area of 
skin. Nevertheless perforation of the skin will 
be observed in the first animal on the left in 
Fig. 1. Extravasation of blood appears not to 
have occurred in this group. 
-----__I___-------___ -1 
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None of the animals injected with Thiomer- 
in shows pathology which can be detected on 
gross examination. 

Intramuscular Injection in Rats. Because 
of these marked differences in local toxicity, 
studies were undertaken to compare the histo- 
pathology occurring after injection of Thiom- 
erin, Mercuzanthin and Mercuhydrin. For 
this purpose the tibialis anterior muscle of 
the rat was selected as a more homogeneous 
tissue than the skin for ‘the precise adminis- 
tration of a m’easurd volume of drug. Each 
rat was etherized very lightly, the hair shaved 
from the leg and 0.03 cc of undiluted drug 
was injected into the belly of the muscle using 
a one-quarter cc syringe and 2 7  gauge needle. 
Twenty of the rats received saline control 
injections into the corresponding muscle of 
the opposite leg. The rats were killed by a 
blow on the head after a period of 4, 24, or 
96 hours. The skin was stripped away and 
the injected muscle gently freed from ad- 
herent muscle bundles and dissected free. 
Muscles were fixed in Bouin’s solution, em- 
bedded in paraffin and cut a t  10 p. Each 
muscle was sectioned serially a t  intervals of 
500 p. The sections were examined by the 
pathologist without foreknowledge of the 
treatments given and the pathology was scored 
as ‘ none ’ ’ ~ ‘ ‘ slight ’ ’ , ‘ ‘ moderate’ ’ , ‘ ‘ marked ’ ’ , 
or “very marked” in the following categories: 
“disruption of muscle integrity”, “cellular in- 
filtration”, and “edema”. The results are 
given in the Table. 

Disruption of Muscle Integrity. I t  appears 
from the Table that after 4 or 24 hours the 
3 drugs show definite disruption of tissue in 
distinction to the saline control. After 96 
hours the disruption is less than at  4 or 24 
hours in the case of Mercuzanthin and Mer- 
cuhydrin while Thimerin injected muscles 
now show no disruption and cannot be dis- 
tinguished from the controls. 

Cellular Infiltration. After 4 hours all of 
the drugs as well as saline have produced a 
sligh,t cellular response as indicated in the 
Table. Twenty-four hours after injection the 
sesponse to saline has not increased while that 
to the three mercurials has increased a great 
deal. After 96 hours the infiltration h a  
disappeared in the case of Thiomerin and 
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FIG. 1 
Photographs of mice 24 hours after the subcutaneous injection of 0.03 cc. of a mercurial 
diuretic at a concentration of approximately 40 mgm of mercury per cc. All of the mice 
in a row received the same treatment. Top Row: Mercuzanthin (Mercurophylline USP 
XIII) ; Niddle Row: Mercuhydrin (Meralluride) ; Bottom Row : Thiomerin. 



LOCAL TOXIC ACTION OF MERCURIAL DIURETICS 3 

TABLE I. 
Scores for Examination of Muscle Sections After Injection of Mercurial Diuretics.* 

4 hr 24 hr 96 hr 
r \ I  3 7  7 

Drug DI GI ED DI CI ED DI CI ED 
Saline o +  0 0 0 0 0 0 0  

o + +  0 + 0 0 0 0  
o + +  0 + 0 0 0 0  
o + +  0 + 0 0 + o  + 0 + 0 ++ +++ + 

0 + + 
0 + + 
0 + + + + + + ++ + 

+ 

~~ ~ 

Thiomerin + + +  + + + ++ + + + ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ 

++ ++ ++ ++ ++ +++ +++ +++ +++ +++ 

~~~ ~ - + ++ ++ ++ ++ ++ ++ ++ ++ +++ 
Mercuzanthin + + +  ++ ++ + 0 ++ + + + +  ++ +++ ++ + ++ + ++ + + +++ +++ ++ ++ ++ + ++ + ++ +++ ++++ ++ ++ ++ ++ +++ ++++ +++ ++ +++ ++ 
Mercuhydrin + + +  + ++ + + ++ + ++ + + ++ ++ ++ ++ +++ + ++ + ++ ++ ++ ++ ++ +++ + +++ + ++ +++ +++ ++ ++ +++ 4- +++ ++ +ff +++ ++ 

* 0 none; f slight; ++ moderate; +++ marked; ++++ very marked. 
DI, disruption of muscle integrity; CI, cellular infiltration; ED, edema. 

saline but is still present in the case of Mer- 
cuzanthin and Mercuhydrin. 

Edema. Four hours after injection edema 
is present in every instance although saline 
shows less than the 3 drugs. The edema 
persists for at  least 24 hours. After 96 hours 
it has disappeared from the saline and Thio- 
merin injected muscles but is still present in 
the others. I t  should be pointed out in this 
connection that labsorption of these dlrugs 
is substantially complete one hour after in- 
jection .e 

The character of the response is illustrated 
in Fig. 2, 3, and 4. Fig. 2 is typical of the 
response 24 hours after injection of any one 
of the 3 mercurids and is character id  by tbe 
inliltration of polymorphs, lymphocytes and 
the appearance od edema fluid. The respnse 
to saline was similar but quantitatively less 
extensive. Fig. 3 illustrates the appearance 

of muscle 96 hours after injection of Mer- 
cuzanthin or Mercuhydrin and shows not 
only the persistence of the inflammatory 
exudate suggesting continued irritation but 
also the development of a reparative response 
as manifested by newly-fomd connective 
tissue. Fig. 4 shows essentially normal muscle 
which was consistently observed 96 hours 
after injection of Thiomerin or saline. 

Discuss~m. I t  has long been taken for 
granted that mercury compounds in which 
at least one valence bond bears an ionizable 
group are highly irritant to tissues. Thus 

Salyrgan with the configuration R H g 4 H  
is severely and rapidly necr~tizing.~ The in- 
troduction of Mercuzanthin provided a com- 
pound of structure RHg-N< in which the 
irritant action of the mercury has been con- 
siderably reduced by combination with theo- 

+ -  



3 LOCAL TOXIC ACTION OF MERCURIAL DIURETICS 

FIG. 2 .  
Section of ra t  muscle illustrating the iesponse t o  Mewuzaiitliin, Mercuhyclrin or Thiomerin 

24 hr after inj. Left--100; riglit-x430. 

FJG. 3. 
Section of rat  muscle illustrating the response t o  Mercueanthin or  Mercuhydrin 96 hr after 

inj, Left--100; right-X450. 
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FIG. 4. 
Section of ra t  muscle 96 hr after inj. of Thiomerin or  saline showing 

essentially normal tissue. XlOO. 

phylline. Nitrogen compounds of similar 
structure (such as succinimide) can ,be sub- 
stituted for theolphylline with comparable ef- 
fect."~~ Salyrgan-theophylline and Mercu- 
hydrin are theophylline-bearing drugs of this 
class. In Thiomerin the second valence bond 
of the mercury has been bound as a mercap- 
tide to give a substance of the formula RHg- 
S- and this modification has been shown above 
to result in a drug of still less toxicity. In  a 
previous report it was indicated that the ad- 
dition of a sulfhydryl compound to a conven- 
tional diu'retic will cause precipitation of the 
theophylline indicating that the Hg-S bond 
is chemically more stable than the Hg-N.4 
Hence the results here reported would be con- 
sistent with the conclusion that local irritant 
action in the mercurial diuretic series is pro- 
portional to the reactivity of the mercury 
which they cuntain. A logical extension of 
this series would be the cornpound RHg-4 
<- which might be expected to show even less 
local irritant action than Thiomerin. How- 
ever, such a mercurial would also be expected 
not to have therapeutic activity. 

I t  is beyond the scope of this report to dis- 
cuss the effect of the Hg-S bond on diuretic 

GLehman, R. A., and Dater, Arnold, J .  Pharm. 

7 Hunt, W. H., Walter, L. A., and Fosbinder, 
Exp. Therap., 1938, 83, 443. 

activity. Clinical studies8-10 seem to indicate 
that Thiomerin is a t  least as effective as the 
other mercurials in this respect. 

I t  may be mentioned in passing that the 
sensitivity of mice to the subcutaneous injec- 
tion of mercurials was found to be greater in 
the summer than in the winter months. All of 
the injections for the experiment which is il- 
lustrated in Fig. l were accordingly given 
on the same day (September) so that the com- 
parison would be valid. In  this connection 
the work of DiPalrna and coworkersll on sea- 
sonal variations in the sensitivity of the skin 
to the production of reactive hyperemia is of 
inte'rest. 

Summary and Conclusions. Three mercurial 
diuretics, Thiomerin, Mercuzanthin and Mer- 
cuhydrin have been compared with respect to 
the tissue reaction which they produce. Thiom- 
erin was tolerated by mice on subcutaneous in- 
jection without exhibiting gross pathology 
while Mercuzanthin and Mercuhydrin gave 

8 Herrmann, George R., Chriss, John W., Hej- 
mancik, Milton R., and Sims; Paul M., T ~ Z U S  Stute 
J. Med., 1949, 45, 79. 

9 Grossman, J., Weston, R. E., Edelman, I. S., 
and Leiter, L., in press. 

10 Batterman, Robert C.; Unterman, David, and 
DeGraff, Arthur C., J .  Am. Med.   ass?^, in press. 

11 DiPalma, J. R., Reynolds, S. M. R., and Fos- 
R. J., J .  Am. Pharm. Assn., Sci. ed., 1942, 31, 278. ter, F. I., Ant. Heart J., 1942, 23, 377. 
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rise to necrosis of the skin under the same con- 
ditions. -4,fter intramuscular injection in rats 
all three drugs gave an early inflammatory re- 
sponse &a.racterized by the appearance of a 
polyrnorphonuclear exudate. In the case of 
Thiomerin this exudate was entirely resorbed 
without evidem of residual damage. After 
injection of Mercuzanthin, or Mercuhydrin, 
however, the irreversible nature of the re- 

sponse was indicated by marked fibroblastic 
proliferation. 

These results would seem to furnish an 
adequate experimental basis for the clinical 
use of Thiomerin by subcutaneous injection. 

The au.thors wish to thank the Misses Florence 
Ka.tine and Josephine Brosseau for able technical 
assis tame. 
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17059. Observations of Nitrite-Induced Postural Syncope in Patients with 
Mental Disease. 

M. D. ALTSCHULE AND M. LORENZ. 
From the Lccborcttmy of Clinical Phy.&ology2 MeLean Hoq@tal, Wauarley, Mms.., and the 

Departlntent of Mediche, Harvard Medical School, Boston, Mms. 

Earlier work1 discussed the vasomotor sys- 
tem in schizophrenia; it was concluded that 
no structural vascular defect exists and that 
schizaphrenic ,patients of ten exhibit acral 
vasoconstridion. Investigation of the reac- 
tivity of postural vasoconstrictor mechanisms 
has also been made. Nitrite dilates vessels 
by relaxing smooth muscle. but does not pre- 
vent the action of nervous impulses on this 
muscle; accordingly, the degree to which the 
vasoconstriction overcomes the effect of ni- 
trite affords data on the reactivity of postural 
vasoconstrictor mechanisms. 

Material and methods. Twenty-four pa- 
tients were studied. Their diagnoses varied 
(Table I). Four (Table 11) , all schizophren- 
ics were studied only after lobotomy. Twenty- 
^four normal subjects were also observed. After 
reassurance the subjects came to the labora- 
tory fasting or 3 or 4 hours after a last meal. 
Patients were not permitted to smoke before 
or during experiments. Each subject was 
given 3 grains of sodium nitrite by mouth and 
allowed to rest for 30 minutes. He then lay on 
a board which had no protuberances except 
for a bicycle seat at right angles to it; this the 
patient straddled. After control observations 
were made, the board was tilted 60 degrees 
leaving the patient head-up with legs hang- 

hTeurol. a& Pw9&&, 1949, 61. 44. 
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1 Altschule, M. D., and Sulzbach, W. M., Arch. 

ing. Systolic blood pressure was m u r e d  
every few minutes by palpation. A4uscultatory 
measurements were not made since they may 
be markedly in error with changing vasom- 
tor tane; an arterial cannula was considered 
undesirable for lmeasuring arterial pressure in 
this study. If syncope did not occur within 
forty minutes after tilting the patient, the ob- 
servations were ended and were repeated no 
sooner than 2 days later, using 7 grains of 
d i u m  nitrite. 

Observations. Subjects were classified as 
follows : 

Group I. Syncope during tilting after 3 
grains of sodium nitrite, i.e., no increase in 
vasomotor reactivity (Fig. 1). 

Group 11. Syncope during tilting after 7 
grains but not after 3 grains of sodium nitrite, 
i.e., possible increase in vasomotur reactivity 
(Fig. 2). 

Group 111. Fall in b l d  pressure during 
tilting but no syncope after 7 grains of sodium 
nitrite, i e . ,  definite increase in vasomotor re- 
activity (Fig. 3). 

Group IV. Rise in b l d  pressure during 
tilting after 7 grains of sodium nitrite, i.e., 
marked increase in vasomotor reactivity (Fig. 

Twenty-two normal subjects were in Group 
I and 2 in Group 11. Seven of the I 1  mn- 
lobotomized schinmhrenic Datients exhibited 

4) - 


