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FIG. 1. Toltmnce curves of individual rats from 
each group. Food was withheld for 12 hr. Blood 
was drawn (zero time), the animals were allowed 
access t o  their respective diets for 15 min, the food 
was again n-itliheld, aiid blood samples were taken 

for nilalpis as shown. 

galactose or xylose is injurious to the lens at 
a lower blood level. 

Fig. 1 gives blood sugar tolerance curves 
for typical rats from each group. 

Summary. Cataract was produced experi- 
mentally in weanling littermate rats by (1) 
alloxan treatment, ( 2 )  galactose feeding, and 
(3) xylose feeding. A11 groups showed greatly 
elevated blood sugar levels as compared with 
untreated controls receiving glucose. Cataract 
was exhibited by all of the xylose- and galac- 
tose-fed rats, and by nearly all of the alloxan- 
treated rats. However, the development of 
cataract was much slower in the alloxan- 
treated than in the other groups. It is con- 
cluded that not only the level of blood sugar: 
but also the specific configuration of the sugar 
concerned is a factor 4n its cataractogenic 
action, 
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Some Pharmacological Properties of Three New Mercurial Diuretics.* 
(19095) 

CARROLL A. HANDLEY, DON CHAPMAN, AXD JOHN H. MOYER. 

Houston, Texas. 
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A preliminary appraisal of a new series of 
mercurial compounds with diuretic activity 
showed many in the group to have greater 
potency than diuretics currently employed ( 1). 
From stability data and other considerations, 
3 of the agents were selected for further in- 
vestiga tion. They are 3-chloromercuri-2 - 
methoxypropylurea ( 1347Ex), 3-carboxy- 
me thyl-mercap tomercuri- 2 -methoxypropylu- 
rea ( 13 53.E~)  and 3- (a-carboxyethylmer- 
captomercuri) -2-methoxypropylurea (143 1- 
Ex). The following data compare some of 
the pharmacological properties of these mer- 
curials with meralluride (Mercuhydrin) . 

Methods. Diuretic activity and sodium ex- 
cretion were studied in unanesthetized female 

*Aided by a grant from Lakeside Laboratories, 

1. Nuhfer, P. A, and White, S., J .  Pharm. Ex#. 
Milwaukee, Wisc. 

Therap., 1951, v101, 30. 

dogs or in dogs lightly anesthetized with 
sodium pentobarbital (2  5 mg/kg, I.V.) . The 
animals had not had access to food for 16-18 
hours and water for 3-4 hours prior to the 
experiment. Urine, collected at  20 minute 
intervals from a retention catheter, was re- 
moved from the bladder as completely as 
possible by introducing air and using com- 
pression. Three or 4 control collections were 
made before the drugs were administered. 
Meralluride at  several dosage levels was used 
as a standard, and the dosage of the other 
compounds was adjusted to give approxi- 
mately equivalent responses. A Perkin-Elmer 
flame photometer was used for sodium 
analyses. Electrocardiograms, in dogs an- 
esthetized with 30 mg per kg of pentobarbital 
sodium, recorded from lead 11, were used to 
investigate the acute cardiac effects. After a 
control record, amounts of the 3 new mer- 
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curials equivalent to 2 5 0  mg of mercury dis- 
solved in 50 ml of physiological saline were 
infused at a rate of 2 ml per minute into the 
external jugular vein. Electrocardiograms 
were taken at 5 minute intervals for the first 
hour, and then a t  half hour intervals for an  
additional 2-3 hours. In  the chronic toxicity 
studies, changes in glomerular filtration rate 
(GFR)  was used as a criterion fur the de- 
velopment of renal damage, and the animals 
were carefully observed for other symptoms of 
mercury poisoning. I n  addition, the maximal 
rate of tubular reabsorption of dextrose 
(TmG) was used as a measure of tubular 
function in 7 and 3 dogs given 1347Ex and 
1431Ex, respectively. The method of Lang 
and Selson( 2 )  was used for the determina- 
tion of mercury in urine and fxes.  

Djurctic potency. Ten dogs were used for 
measuring the activity of each compound a t  
each dosage level. -411 the assays of diuretic 
activity were made from a group of 20 ani- 
mals of 12-16 kg. These animals were used 
for each mercurial. although none of the 
dogs was given a diuretic more frequcntly 
than once a week. S o  difference could be 
detected in the diuretic response between 
unanesthetized animals and those lightly an- 
esthetized with sodium pentobarbital. The 
average control rate of urine formation in 10 
unanesthetized dogs was 0.11 ml, min and 
the maximum rate after 4 mg kg of meral- 
luride mercury intravenously was 3.10 m1,l 
min. Tests on the same animals several 
days later under the same conditions except 
that they were lightly anesthetized with 2 5  
mg/kg of sodium pentobarbital intravenously 
gave corresponding figures of 0.15 and 3.42 
mlimin. Diuretic activity of the 3 com- 
pounds, tested a t  different intravenous dosage 
levels, was 3 or 4 times that of meralluride as 
measured by the maximum output of urine 
and sodium per minute. Table I shows the 
average response of 10 dogs for each dosage. 
The development of maximal diuresis was 
usually more delayed than with meralluride, 
but the duration of action was approximately 
the same, namely 5 or 6 hours. 

Agr. Chem., 1942, v25, 399. 
2.  Lang, E. P., and Xelson, K. W., J .  Assn. Opicial 

TABLE 1. Comparison of Average Maximal Rstcs 
of Excretion of Urine and Sodium of 10 Dogs for 

Each Dose. 

drg inax rake of 
xvg excretion 

control \ 

Dose, urine, Sodium, tTrine, 
nig Hg/kg nd/niin mEq/niin nil/min ('oiitpuiicl 

Me~allut~ide 2 .(I 7 
.10 
.I2 

4 
1353E.u .a 

. 1 7  

.10 
1 

13 4 i Es .a 
.14 
.I 1 

1 
143 1 Es .a 

1 .13 

.43 

.64 

.32 
3 6  
.34 
.43 
.48 
.61 

2.43 
3.10 
2.28 
3.67 
2.19 
3.22 
2.84 
4.29 

TABIX IT. Hecorcry of Mercury in Uriue and 
b'cccs Aft  rr Intravellow hdministnttion of Doses 

Equivaleiit t o  2 nig per kg of hlercury. 

C ' o i i i p ~ ~ i ~ d  24 hr 48 Irr Total Hangt: 
hrg of 12  dogs per co111yound (%)  

~ ~~~ - 

Recovery of mercury. Mercury determina- 
tions on 24 and 48 hour specimens of urine 
and feces showed that most of the mercury, 
from intravenous doses of the compounds 
equivalent to 2 mg per kg of mercury: was 
excreted within 2 4  hours. The amount of 
mercury recovered from the feces was usually 
less than 4% of the total mercury excreted. 
Table I1 compares the rates of excretion of 
the new mercurials with meralluride and mer- 
captomerin (Thiomerin) . The  rates of 
excretion approached that of meralluride and 
appeared to be somewhat greater than the 
rate of excretion of m,ercaptomerin. This dif- 
ference was especially apparent at the end 
of 24 hours. 

Six dogs: weighing 
10-13 kg, were used for evaluating the car- 
diac effects of each compound. Five dogs 
given 143 1Ex showed no significant cardiac 
changes during the infusion period, but one 
animal developed ventricular fibrillation a t  
the end of 2 hours. None of the dogs receiv- 
ing 1353Ex showed any evidence of cardiac 
effects. The  QRS interval increased in all 
dogs infused with 1347Ex, and 2 developed 
ventricular fibrillation. All animals given 

Acute cardiac ejTects. 
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these large doses succumbed within 24-72 
hours. The usual autopsy findings were pul- 
monary edema and gross hemorrhage of the 
gastro-intestinal tract. 

Chronic toxicity. Chronic toxicity of the 
3 compounds was compared to that of mer- 
alluride by determining changes in glomerular 
filtration rate a t  monthly intervals. The dogs 
were frequently examined for the appearance 
of dermatitis, and other symptoms of mer- 
cury poisoning. Ten dogs were used for 
each drug and were given an intravenous 
dose equivalent to 1 mg of mercury per kg 3 
times weekly, except for the dogs in the mer- 
alluride group. Since ameralluride is approxi- 
mately one-fourth as active in producing di- 
uresis in the dog ‘as the other 3 compounds, 
it was administered in an intravenous dose 
equivalent to 4 mg of mercury per kg. These 
doses are several !times the therapeutic level 
as used in man and were selected because they 
approach the maximum tolerated dose for the 
dog. Fig. 1 shows the effect of 4 months of 
such treatment on glomerular filtration rates. 
Each number in the graphs represents a curve 
for glomerular filtration rates of one dog de- 
termined at  monthly intervals. The curves 
show that with these comparatively large and 
equivalent diuretic doses, there were no 
marked differences in renal toxicity among 

the three new compounds, or between the 
new agents and mer.alluride. Mild dermatitis 
developed in one dog in the meralluride group, 
2 in the 1347Ex group, and one receiving 
1353Ex. All animals developing dermatitis 
also showed a reduction in glomerular filtra- 
tion rates. No diarrhea, stomatitis, or Dther 
symptoms of severe mercury poisoning that 
occur in dogs were noted in any of the ani- 
mals. 

Discussion. The greater diuretic activity 
of these compounds, considered in relation to 
the fact that they are excreted at  rapid rates, 
should give them a safety margin equal to, 
or even greater than, mercurial diuretics cur- 
rently used. Chronic toxicity data on do,gs, 
receiving relatively large doses over a period 
of several months, indicate that athere is lit- 
tle difference in renal toxicity, or other signs 
of mercury poisoning, when these agents are 
compared with an equivalent diuretic dose 
of meralluride. ,4n extensive study has pre- 
viously been made to show the changes in 
renal function associated with the develop- 
ment of chronic toxicity from several mer- 
curial diuretics currently used therapeutically. 
The effects on glomerular filtration rate have 
been described(5) and the changes in renal 
tubular function, as measured by TmG and 
TmPL4H, will soon appear in connection with 
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TABLE 111. Comparison of Effect of Mercurial Diuretics on Glomerular Filtration Rate and 
Tubular Function.” 

-1-4 mo of mercurial- 

mljniiii iiig/miii GFR/TmG ml/min mg/min GFR/TmG 
C+FR.t TmG.t GFR,t TmG,t Dog 

S o .  Wt, kg Drug 

11-4 13 1ler:illuridc 4; 13; 2 9  -d 90 87 2 .5  
,) ti (1 235 2 6  4 5 170 ,?t i  

T--5 14 1\Iercaptomerin .X 200; .- a- 1 25 82 .31 
8 li 

7 19 134iEs ii 7 240 2 8  40 130 .31 
7 ,  3.3 .-)- - 4  3 - .3n .50 164 .3n -1 17 

4 1 2  1431Es 33 169 .31 37 1% .-- 
11-2 15 Meralluride 64 208 .31 t i  1 191 3 2  

9 )  7 (3 2 i 3  2 6  s3 301 2s 3 17 
1 15 134iEs 
2 16 

*-I cj 

21.3 . - I  211 2.5 
i) 7 33 .) - 

3 ‘3oy 2 6  49 18.5 .- .5 4 7 ’  

- 
* Xrterisl blood saiiiplcs usccl for  all analyses. Dogs unanesthetized. 
t Average of 3 10-niin periods. 

a study of several types of agents having 
nephrotosicity. The investigation included 
weekly determinations of the above renal 
functions in 20 dogs given daily injections of 
diuretics (4 mg,’kg of mercury, I.\-.) for one 
month. In addition, similar observations 
were made on 5 dogs given mercuric chloride 
(0.2 mg,’kg I.\:,: daily). The data in Table 
I11 show representative examples taken from 
the previous study (11-4, -8; -2, -3 and T-5) 
and similar observations on 1347Es and 
1131Es from the present investigation. The 
significant feature of the renal function 
studies is to demonstrate parallel changes in 
GFR and tubular function as may be seen by 
the constant GFRjTmG ratio, -4 similar 
correlation between GFR and TrnP-iH has 
been observed as nephrotosicity develops 
from mercurial compounds. The logical con- 
clusion to be derived from such data is that 
variable numbers of nephrons are completely 
inactivated as renal toxicity develops. De 
pressed renal functions develop either simul- 
taneously with, but more frequently before, 
other signs of chronic mercury poisoning. In 
some animals, GFR and TmG returned to 
control values several weeks after discon- 
tinuing the drugs, while in others the dam- 
age appeared lto be permanent. The GFR 
and TmG of dogs 31-4 and T-5 in Table I11 
had not improved significantly 2 months after 
discontinuing the drugs. Mercuric chloride 

5 .  Handley, C. -is, Sigaioos, R. B., Telford, J., 
and LaForge, M., PROC. SOC. EXP. BIOL. AND MED., 
1949. v72, 201. 

produces similar chronic toxic effects as or- 
ganic mercurial compounds, including the 
above mentioned renal changes. The last 4 
dogs illustrate the absence of renal effects 
when no other signs or symptoms oi chronic 
mercury toxicity were demonstrable. 

Because of the proportional depression of 
GFR and tubular functions with the develop- 
ment of chronic tosic effects from mercurial 
diuretics, we h’ave used GFR alone to indicate 
the development and progress of renal dam- 
age from these agents. Certain precautions 
must be observed if GFR is to be used as a 
measure of renal toxicity. Several hours of 
mercurial diuresis will frequently lower GFR 
and TmG considerably from dehydration ( 6 ) .  
Recovery from extensive water loss is rapid, 
after the diuretic action of the drug disap- 
pears? and may be quickly eliminated by in- 
travenous saline. ,411 the data on renal func- 
tions reported were obtained on a day when 
no drug was given or prior to the administra- 
tion of the diuretic. Routine hematocrit 
determinations also served to indicate the 
presence or absence of hemoconcentration. 

Studies in this laboratory have indicated 
that doses of meralluride equivalent to 8 
mg/ kg of mercury, given intravenously to 
dogs, consistently produced electrocardio- 
graphic changes. In  fact, 4 mgjkg is the 
minimum dose that may be administered 
without prolonging the QRS complex in some 
animals. The cardiac effects appeared 

6 .  Handley, C. A., Sigafoos, R. B., and LaForge, 
M., Am. J .  Physiol., 1949, v159, 179. 
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promptly after a single injection of the above 
specified amounts of meralluride over a one 
minute period, Previous observations both 
in cats and dogs have yielded similar re- 

Dogs tolerated large amounts of 1353Ex 
and 1431Ex without any indicatidn of cardiac 
toxicity. which might have been anticipated 
since these two compounds are mercaptides 
(3).  The chlorine substituted mercurial 
(1347Es) appeared *to have .even less cardiac 
toxicity than meralluride, which is probably 
the least toxic of the non-mercaptide mer- 
cur ia l~ (3,4). S o  electrocardiographic changes 
occurred in any of the dogs given 1347Ex 
until the total amount infused was equivalent 
to 75 mg *kg of mercury and in 4 dogs, the 
QRS comples was not prolonged until about 
twice this amount of the compound had been 
given. These values are many times the 

3. Lehman, R. A., PROC. Soc. EXP. BIOL. AXD 

MED., 19-17, vb4. 428. 
4. Chapman. D., and Shaffer, C. F., Arch. Znt. 

Med., 1047. r i g .  149. 

SUltS(3.4). 

amount of meralluride mercury required to 
produce similar electrocardiographic changes. 

Summary. The compounds, 3-chloromer- 
curi-2-methoxypropylurea ( 1347Ex), 3-car- 
boxymethylmercaptomercuri - 2 - methoxypro- 
pylurea ( 1353Ex), and 3- (a-carboxyethylmer- 
captomercuri) - 2 -methoxypropylurea (143 1- 
Ex),  had 3 or 4 times the diuretic potency 
of meralluride in the dog. Twenty-four and 
48 hour mercury excretion rates were com- 
parable to that of meralluride at  the same 
dosage level, ,Chronic toxicity studies indi- 
cated no essential difference between meral- 
luride and the other compounds, if the greater 
diuretic potency of the new compounds was 
considered and the dosage adjusted accord- 
ingly. Large amounts of 1353Ex and 1431Ex 
were infused intravenously without disturbing 
cardiac function, but the acute cardiac 
toxicity of 1347Ex, although greater than 
the other 2 compounds, appeared to be less 
thoan meralluride. 
~~ 
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Distribution of Phosphorus32 in the Embryo and Larva of the Frog.+ (19096) 

Lor-IS A. HAMBOROUGH AND DAVID DENNY. (Introduced by A. H. Maloney.) 
From the Department of Zoology, Howard University, Washington, D .  C .  

Radioactive substances have been employed 
in several studies on protein synthesis during 
development. Recently, Friedberg and Eakin 
( 2 )  studied the incorporation of C14 of radio- 
active glycine into protein in the embryos 
and larvae of the Pacific tree-frog, Hyla 
regilla. They reported an increase in the 
uptake of glycine from the beginning gastrula 
through the early larval stages. This was 
interpreted as evidence of acceleration in pro- 
tein synthesis accompanying differentiation 
and groffth. Dent( 1) observed the effects of 
phosphoru9 on regenerating amphibian 
tissues. He found that tadpoles of Rana 
clamitans immersed for 3 days in solutions of 

*This work was supported in part by a special 
grant from t,he i2tomic Energy Commission under 
Contract S o .  AT(30-1)-949. 

Pa (1000 microcuries) before amputation of 
the tail, regenerated a 'tail which was half 
as large as that of the control after 2 weeks. 
By introducing radioactive phosphorus into 
the hen% egg and analyzing chemical extracts 
of the tissues of the embryos, Hevesy, Levi 
and Rebbe (4) showed that the phosphatide 
molecule of the yolk was lower in specific 
activity than that of the embryo and con- 

~ 
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