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seems to be associated with lines or strains 
of virus. The  differing hemagglutinative sus- 
ceptibility of individual donors suggests that 
the mechanisms involved are rather complex. 

The  phenomenon of agglutination of mam- 
malian erythrocytes has practical application - - --- 
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in maintaining the identity of stock strains 
of virus and possibly also in determining 
probable intermingling of the viruses of live 
vaccines and wild strains in field outbreaks 
of Sewcastle disease. 

~ - 
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Effect of hlercurials on Kidney Adenosine Triphosphatase Activity." 
(17846) 

Mercurial diuretics are capable of produc- 
ing renal tubular damage Preliminary es- 
perinients( 1 ) have shown that kidnzy adeno- 
sine triphosphatzse ( ATP-are) activity is in- 
hibited by these cornpour,ds. Since very little 
is known about the nature 3f nephrotoxic 
action of drugs, it s?eme,d of interest to study 
the possible relationshio between the inhibi- 
tory effect of mercurials on kidr,ey -ITP-ase 
activity and the rer,al tubular injury pro- 
duced by th2se drugs. 

Mntcrial and methods.  IYhite rats of both 
sexes weighing approximately 200 g were 
used in this study. They were sacrificed by 
a blow on the head. The  kidneys were 
homogmized a t  ice-water temperature in an  
all glass homogenizer. ,\TP-ase activity was 
determined by the method of DuBois and 
Potter( 2 ) .  All enzyme determinations were 
done in quadruplicate. Inorganic phos- 
phate was determined by the method of 
Fiske and Subbarow(3) usin? a Coleman 
spectrophotometer. -4TP was obtained as 
the barium salt from the Sutritional Rio- 
chemicals Corporation, Cleveland, Ohio. The 
solution of the sodium salt was prepared just 

* W e  are grateful to Dr. E. E.  Muirhead for  carry- 
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prior to the performance of the experiment. 
The  mersalyl used was Salyrgan-Theophyl- 
lire-IYinthrop. The  amour-t 'of theophylline 
in this preparation was found not to affect 
-ATI'-ase activity in the concentrations em- 
ployed. Tn the in vivo experiments, .one kid- 
ney of each rat  was homogenized; the other 
was fixed in 10% formalin for microsccpic 
studies. The -4TP-ase activity of Kormal 
rat kidneys was determined simultaneously 
with the determinations done on kidneys of 
injected azimals. 

Results. Table I shows the effect of the 
addition of mersalyl and mercuric chloridz on 
the -3TP-ase activity of homogenized rat kid- 
neys. Inhibition was observed consistently 
following the ad-dition of these compounds in 
concentrations as low as 0.00101 M. The  in- 
organic mercurial produced a greater iphibi- 
tion a t  anv given concentration than the or- 
ganic compound. 

TABLE I. 
Effect of Xercurials on ATP-ase Activity of 

II omogeni zed Rat  Kidneys. 

ATP-ase activity" per 
mg of kidney 

Final concentration of 
added drug 

r 1 

Drug 0 0.0001M 0.00001M 

Mcr s alp1 57 51 57 
.5 8 50 55 

Mcrrurjc  Chloride .5 7 35 54 
.5 8 38 52  

p g  of phosphorus liberated per hr. 
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TABLE 11. 
-4TP-ase *4ctivity of Rat Kidneys Following Intramuscular Injection of Mersalyl. 

ATP-ase activity" % diff erenee from 
mean of controlst f 

per total ,-v Microscopic 
Dose, Time after per mg of kidney, per mg of per total tubular 

Exp. S o .  mg/kg inj.? hr  kidney X 10-3 kidney kidne? damage$ 

2. 10 

3. 50 

1. 5 4 60 44 0 -1 9 0 

-21 0 
-2 1 0 

24 57 43 
56 43 

4 54 59 -1 0 + g  0 
54 56 -1 0 + 3  0 

24 62 5 7  + 3  4- 5 + 
6 0 45 0 -1 '7 + 

48 53 40 -12 -2 6 + 
54 43 -10 -2 1 + 

i 2  62 63 + 3  + 16 + 
55 5 T  - 8  + a  + 

4 62 50 + 3  - 8  +++f 
61 59 + 2  + B  ++++ 

24 44 33 -2 7 -3 9 ++++ 
44 49 --" 7 -10 ++++ 

48 44 39 -2 -28 ++++ 
41 41 -3 2 -2.5 ++++ 

79  24 34 -6 0 -3 8 ++++ 

61 49 1 - z  -1 0 0 
- 

- 

__ 
* pg of phosphorus liberated per hour. ATP-ase activity per mg of kidney multiplied by the 

t The mean ATP-ase activity of 19 norma! rat  kidneys was 60 per mg of kidney and 54 per total 

$ Microscopic tubular damage: 0 = none; + = occasional tubules necrotic; ++++ E majority 

weight of the kidney in g gives total activity per kidney. 

kidney with the standard deviations of 8 and 10% r2spcctively. 

of tnbules neerotie. 

Table I1 shows the effect of the injection 
of varying doses of m-ersalyl on the kidney 
ATP-ase activity of rats sacrificed a t  varying 
intervals following the injection. Regardless 
of the dose injected, there was no significant 
change in ATP-ase activity as early as 4 
hours following the injection of the mercu- 
rial. Inhibition was evident in 24 hours and 
subsequently, (especially in the group which 
received 50 mg per kg of mersalyl. In this 
group, marked renal tubular damage was 
present 4 hours following the injection. At 
that stage no significant changes in ATP-ase 
activity could be demonstrated. 

The  decreases in ATP-ase activity could 
not be due to dilution caused by the swelling 
of the kidneys, since the total ATP-ase activ- 
ity of the kidney was decreased also. 
Furthermore, a number of kidney ATP-ase 
determinations in which enzyme activity was 
calculaked on the basis of dry weight indi- 
cated also that there was an actual dmepletion 
of ATP-spli tting enzyme. 

Discussion. The results of this study show 
that mersalyl and mercuric chloride inhibit 

kidney ATP-ase activity in vitro. I t  is also 
evident from this study that the injection of 
mersalyl into rats lmeads to a decrease in kid- 
ney ATP-as: activity. Since microscopic 
studies demonstrated a marked renal tubular 
damage which preceded the enzymatic 
changes, it  appears that the decrease in ATP- 
ase activity is a consequence and not a 
cause of tubular damage. I t  is possible that 
the inhibition of other enzymes may pre- 
cede the developm'ent of kidney damage, but 
it is also possible that the "disorganization 
of the protoplasm which may or may not 
precede the inactivation of numerous en- 
zymes" as suggested by  Bernheim (4) repre- 
sents the cause of renal injury in acute mer- 
cury poisoning. 

Conclusions. 1. Mersalyl and mercuric 
chloride were found to inhibit ATP-ase activ- 
ity of homogenized rat kidneys. 2. Follow- 
ing the intramuscular injection of various 

4. Bernheim, F., The Interaction of Drugs and Cell 
Catalysts, Burgess Publishing Co.! Minneapolis, 1948, 
p43. 
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doses of rnersalyl into rats, renal ATP-ase 
activity was unchanged in 4 hou,rs; i t  was de- 
creased after 24 hours. 3. Simultaneous duced by mersalyl. 
microscopic and enzymatic studies suggest 

that  thse decrease in ATP-ase activity is a 
result an,d nlot a cause of renal injury pro- 
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Acetylcholine Content of Tyrode Solution Perf used Through Muscles as 
Affected by Calcium and Procaine Hydrochloride.* (17847) 

A. R. MCINTYRE, F. 31. DOWNING, A. L. BENNETT, AND -A. L. DUNN. 
From t h e  Department  of  Ph?ysiolopj a n d  Phnrnincology, l'wiverxity of Nebraska College of 

Mrdicinr,  0 ninho. 

There apmar  to be many similarities 
between muscle fibrillation caused by de- 
nervation and fibrillation produced by cal- 
cium lack ( l ,2.3 -4.5 ) .  These experiments 
were performed in order to examine the pos- 
sible r6le of acetylcholine in fibrillating dog 
muscle caused by these two conditions. 

Method. -4 week to 10 days before an  
experiment a dog's left sciatic nerve was sev- 
ered aseptically. On th: morning of the ex- 
periment the animal was lightly anesthetized 
with pentothal sodium and prepared for can- 
nulation of the right iliac artery and vein. 
The following solutions were in readiness : 
mammalian Tyrode solution containing suf- 
ficient heparin to provide the animal with a 
total of 10 mgikg: Tyrode solution contain- 
ing eserine in a concentration of 1 : 100.000. 
Two Ca7+ free Tyrode solutions were also 
prepared and to one of them was added 1 
millimol of procaine hydrochloride Der liter. 
Provision was made for warming these solu- 
tions to body temperature by passage 
through a glass coil immersed in a tank main- 

* These experiments were supported in part from 
a grant from the National Foundation for Infantile 
Paralysis. 
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tained a t  about 40°C. Electromyograms 
were obtaine'd from wire recor-dings made 
continuously throughout #the experiment. We 
have recently described this technic and full 
details are readily available in anoth.er jour- 
na l (6) .  The  method is recommended as the 
wire recorder permits reproduction of the 
electrical activity of the muscle for photog- 
raphy a t  a later time when the experimenter 
is not preoccupied with operative and other 
technics. The  standard procedure was as 
follows: the right sciatic nerve was cut, a 
concentric needle was inserted into the right 
gastrocnemius, and with the amplifier, wire 
recorder and loud speaker turned on, the 
right iliac artery was perfused with Tyrode 
solution conttaining heparin. Usually no e k -  
trical activity from the muscle was heard on 
the speaker. The  iliac vein was then cannu- 
lated and the sanwinous perfusate collected. 
The muscle was then perfused with Tyrode 
solution containing eserine 1 : 100,0100, cal- 
cium free Tyrode solution and lastly, cal- 
cium free Tyrode soh tion containing pro- 
caine hydrochloride 1 millimol per liter. 
Samples of perfusate were collected in separ- 
ate flasks, additional eserine added, and the 
perfuzates stored in the ice box for further 
use. -4 complete recording of the electrical 
aetivity of the perfused muscles was ob- 
tained. The whole procedure was then re- 
peated on the denervat'ed side and again sep- 
arate eserinized samples of perfusate were 

6 .  Dunn, A. L., Bennett, A. L., and McIntyre, A. 
R., J .  Appl ied  Phyyiol., 1948, v l ,  402. 


