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were always performed first. After 48 hours' 
incubation at 37'C all fluids were tested for 
hemagglutinins. Table I shows the results of 
several experiments in which the 50% end- 
points of infectivity obtained with the two 
methods were calculated by the.method of 
Reed and >Iuench.(4) I t  is seen that the 
titers of allantoic fluid as measured by allan- 
toic sac inoculation were always lower than 
those obtained with the prepared membrane 
alone. Since a much larger amount of fluid 
is introduced into the "empty" eggs, a cor- 
respondingly higher amount of virus is also 
inoculated. This may explain the greater 
sensitivitj. observed. Other explanations seem 
possible. 

Discussiorr. The method may have various 
applications. I t  is possible to introduce 
larger amounts of fluid into the egg than by 
other methods and this may be of advantage 
when virus isolation from throat washings are 

undertaken. The influence of fluids of dif- 
ferent composition on virus multiplication and 
the effect of inhibitors and accelerators of 
growth can easily be studied by this method 
which allows virus growth in a practically inp 
tact tissue. Rforeover, thce rate and charac- 
ter of growth of virus in the membrane may be 
more accurately studied,. Such experiments 
are in progress. The method may have certain 
advantages for the production of vaccines as 
virus multiplication can be obtained in a 
medium of chosen compsition, and the pres- 
ence of urates in the virus fluid is excluded. 

Summary. A method is described, in which 
the chorioallantoic membrane of the egg in 
sifu is used for the cultivation of influenza 
virus. The sensitivity of the method is dem- 
onstrated and various possibilities for its ap- 
plication are discussed. 
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During the past 30 years. organic mer- 
curial compounds have been used widely for 
the purpose of inducing diuresis. Because of 
their apparently low clinical toxicity, mer- 
curial diuretics have been used with impunit!. 
in the presence of cardiac failure, and, even 
in the presence of impaired renal function, 
few clinicians have hesitated to administer 
them. Studies in animals( 1-4) gave results 
which, while in some degree conflicting. 
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nevertheless indicated that the agents could 
produce transient or permanent renal damage 
in doses which were comparable to those 
recommend'ed fox use in man. When clinical 
application of the mercurial diuretics was 
begun, it soon became evident that, although 
there was some indication of renal irrita- 
tion, (4-6) the clinical toxicity was negligi- 
ble,(7,8) a t  least in the absence of severe, 
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pre-existing renal damage. I t  was determined 
soon after their introduction that mercurial 
diuretics acted directly upon the kidney, 
(9-12) and there has been general agreement 
that diuresis results from depression of tubu- 
lar function. The localization of this action 
in the tubule has been studied more recently, 
but has not been completely clarified, There 
are some indications that the effect is pro- 
duced upon the proximal tubule,( 13,14) 
whereas some evidence indicates an effect 
upon the distal tubule.( 15) To further com- 
plicate matters, there is evidence for species 
differences in the effects of mercurial di- 
uretics. (13,16) 

Because it seemed probable that mercurial 
diuretics are potentially toxic substances 
which act by depressing tubular function, it 
seemed remarkable that such toxicity does not 
become clinically evident in patients with the 
nephrotic syndrome, when mercurial diuretics 
are used, Here, in a situation which is ac- 
companied by tubular degeneration, it would 
seem reasonable to suppose that damaged 
tubule cells, seen as desquamated cells in the 
urinary sediment, would be more susceptible 
than nornial cells to the toxic action of these 
compounds. Yet such patients often receive 
mercurial diuretics without ill effect, though 
often, in our 'clinical experience, wilthout 
therapeutic effect. As a result of such ob- 
servations and reflection, we became inter- 
ested in studying the (effect of proteinuria 
upon the toxic action of mercurial. compounds. 
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Methods and materials. This study was 
performed with 75 female rats, each weighing 
about 150 g. The organic mercurial diuretics 
studied were mersalyl-theophylline and meral- 
luride sodium. Mersalyl-theophylline con- 
tains 39.6 mg Hg and 50 mg theophylline in 
1 ml. Meralluride sodium contains 39.0 mg 
Hg  and 48 mg theophylline in 1 ml. In  the 
dosages tabulated (Table I )  theophylline was 
present in the above ratio to the dose of Hg. 
The animals each received three 16 ml intra- 
peritoneal injections, S o .  I a t  9:30 -4.11. and 
No. I1 a t  4:30 P.11. on the first day, and 
Xo.  I11 a t  9:30 -3.11. on the second day. For 
the control groups, the injection material was 
0.85% sodiuni chloride solution. For the ex- 
perimental animals, the injection material was 
676 human albumin in 0.857; sodium chloride 
solution. Immediately after the designated 
intraperitoneal injection (Table I ) ,  the nier- 
curial diuretic was administered intravenous- 
ly, diluted to give the proper dose with 0.85% 
sodium chloride solution. The animals were 
then left undisturbed upon stock diet either 
until death, or for the interval specified, a t  
which time they were killed by ether anes- 
thetization and exsanguination from the ab- 
dominal aorta. The kidneys were removed 
promptly, except in the few animals that died 
during the night, decapsulated, sagittally sec- 
tioned, blotted, weighed, and dropped into 
10% formalin. -4fter fixing, paraffin sections 
were made and stained with hematoxylin and 
eosin for microscopic examination. 

Results. The animals in Group 1 (saline + 0.26 mg Hg) and la (albumin + 0.26 mg 
Hg)  appeared perfectly normal until killed. 
At autopsy they also appeared perfectly nor- 
mal. There was no appreciable difference 
between the groups in kidney weight, except 
for the difference expected after albumin ad- 
ministration. The kidneys appeared normal 
in the gross, both externally and on sagittal 
section. I n  the niicroscopic sections there 
were minimal changes of acute nephrosis 
present in both groups. There was no con- 
vincing difference in the degree of nephrosis 
between the two groups. The animals in 
Group 2 (saline + 0.79 mg Hg) and 2a 
(albumin + 0.79 mg Hg) also appeared 
normal until killed. At autopsy, as in all the 
animals, there were no significant findings 

outsid'e of the kidneys. I n  Group 2 the kid- 
neys were somewhat smaller than normal, 
with slight pallor of the surface and the 
cortex. I n  Group 2a the kidneys were noriiial 
in size and the pallor was hardly evident, 
resembling the slight pallor that accompanies 
protein injections alone, in our previous es- 
perience. Microscopically, the kidneys in 
Group 2 showed definite and pronounced 
tubular damage (Fig. 1 ) ,  while those in 
Group 2a showed slight damage of a much 
milder degree (Fig. 2 ) .  

In  the animals of Group 3 (saline - 1.95 
mg Hg),  the findings were entirely different. 
These animals were obviously ill from the day 
of the mercurial injection and 4 of the 14 

FIG. 1.  
Section of kidney, Group 2 : saliiie-injected 

aiiiinals, 1 day after mersalyl (0.79 nig Hg),  
showing acute iiecrotizing iieplirosis. Hematos~l in-  
eosiii stain, 240X. 

FIG. 2. 
Section of kidney, Group 2a : albumin-injected 

animals, 1 day after mersalyl (0.79 mg Hg), rela- 
tively free of tubular damage. Hematoxylin-eosin 
stain, 240X. 
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animals died from the fourth to the sixth day 
after injection. A t  the end of a week, the 
survivors were severely ill, emaciated; and 
hyperirritable when disturbed. In this group 
the kidneys were greatly enlarged, with ex- 
tremely pale granular surfaces. On sagittal 
section, the cortex was very pale and striated, 
while the medulla appeared to be relatively 
well preserved and of almost normal color. 
On microscopic examination, the tubular 
structure was disrupted, with appearance of 
severe toxic nephrosis in an advanced healing 
stage. (Fig. 3, 4). In  sharp contrast, the 
animals in Group 3a (albumin + 1.95 mg FIG. 5. 
Hg) appeared to be entirely normal until Section of kidney, Group 3a: albumin-injected 

animals, 7 days after meralluride sodium (1.95 mg 
Hg) , administered a t  time of albumin injection 
KO. 111. Note relatively intact tubular structure 
with mild changes of acute nephrosis. Hematox- 
ylin-eosin stain, 2 4 0 X .  

FIQ. 3. 
I<idneys, gross specimens. Left  : Group 3, saline- 

iiijected animals, 7 days after meralluride sodium 
(1.9.5 mg Hg).  R,ight: Group 3a, albumin-in- 
lectecl animals, same interval and same dose of 
k r a l l u r i d e  sodium, injected after albumin in- 
jection S o .  111. Note difference in size and color 
bf lridneys. E’lo. 6. 

Section of kidney, Group 3b : albumin-injected 
animals; 7 days after meralluride sodium (1.95 mg 
Hg) ,  administered a t  time of albumin injection 
No. 11. Note that degree of damage is relatively 
slight, similar to that i n  Fig, 5. Hematoxylin- 
eosin stain, 2 4 0 X .  

FIG. 4. 
Section of kidney, Group 3 :  saline-injected ani- 

mals, 7 days after meralluride sodium (1.95 mg 
Hg)  , showing necrotizing nephrosis with healing 
2nd deposits of calcifie material. Hematoxylin- 
ensiii stain, 240 X. 

killed. All survived in good health and there 
was a slight gain in weight. At autopsy, the 
kidneys were normal in size and appearance 
except for the slight pallor mentioned under 
Group 2a. Microscopically there was a very 
slight degree of tubular damage (Fig. 5). I n  
Group 3b (albumin + 1.95 mg Hg after 
inject. KO, 11) the animals were entirely com- 
parable to those in Group 3a, and the kidneys 
were virtually indistinguishable (Fig. 6).  The 
animals in Group 3c (albumin + 1.95 mg Hg 
after inject. No. I)  were the most severely 
affected of all. Only one animal survived the 
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full week, and it appeared moribund. The 
kidneys of those dying earlier showed pro- 
nounced enlargement, but those of the one 
surviving were most remarkably enlarged, 
almost chalky white, with a granular surface. 
On sagittal section, the entire kidney was 
similarly without color in both medulla and 
cortex. Microscopically, the tubular damage 
was profound and more severe than in an_\- 
other group (Fig. 7 ) .  

Discussion. The data given here show con- 
clusively that in traper i toneal administration 
of albumin to rats. in large doses, p i o r  to the 
administration of a severely toxic dose of 
mercurial diuretic, effectively protects the 
kidneys from the toxic effects of mercury. On 
the contrary, when the protein is administered 
simultaneously with the mercurial. the toxic 
effect of mercury is enhanced. Many previous 
experiments with administration of protein. 
in the same dosage used in this study, have 
established the relation of proteinuria to the 
time of injections.( 1 7 , ~ )  The first appear- 
ance of proteinuria after such injections has 
been interpreted as indicating that the maxi- 
mum tubular capacity for reabsorbing protein 
has been exceeded, so that the rate of protein 
reabsorption is critically diminished. This 

FIG. i. 
Section of kidney, Group 3c : albumln-iiijectecl 

animals, 7 days after ineralluride sodium (1.95 mg 
Hg), administered a t  the time of albumin injection 
No. I. Note extreme severity of toxic nephrosis. 
Hematoxylin-eosin stain, 240 X. 

coincides with the time of our injection S o .  
11. Therefore, it seems probable that the 
diminished toxicity of mercurial diuretic a t  
this time is associated with diminished tubular 
reabsorption of mercury as well as protein. 
On the other hand, it seems plausible to sup- 
pose that, during the interval from the first 
protein injection to the first appearance of 
proteinuria, the reabsorption of protein pro- 
ceeds at  a more rapid rate than normal, and 
that during this period the reabsorption of 
mercury is similarly increased, so that the 
toxicity of a given intravenous dose is en- 
hanced. That mercurial diuretic is selecti\iely 
concentrated in the kidney, in patients who 
have received mercurial diuretics( 19) and in 
normal dogs,(20) is already known. Little 
is known about the precise molecular struc- 
ture and physical properties of the mercurial 
diuretics. The prosthetic, mercury-contain- 
ing portion of the complex is unstable except 
in combination with theophylline. However, 
the precise nature of the combination is not 
known, nor is the size of the complex known. 
We have tried to dialyse meralluride sodium, 
and found that after 48 hours virtually none 
had passed through a cellophane membrane. 
In  an effort to ascertain whether the mer- 
curial diuretics are bound by serum protein, 
meralluride sodium was incubated with 6% 
human albumin and then separation was at- 
tempted by precipitating the protein, using 
trichloracetic acid, phosphotungstic acid. and 
phosphomolybdic acid. In each case. the 
meralluride sodium did not appear to be 
bound by protein, all remaining in the super- 
natant fluid. Therefore, it would appear that 
inhibition of mercury reabsorption is probably 
not related to a union between the mercurial 
diuretic and protein, as such. Experiments 
are in progress to determine by cytological 
demonstration whether our hypothesis, that 
proteinuria reduces the quantity of mercury 
reabsorbed, is correct. 

From these findings, it is suggested that 
our clinical experience concerning the unex- 
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pected relative innocuousness and therapeutic 
ineffectiveness of mercurial diuretics in pa- 
tients with renal disease may be related to 
the presence of marked proteinuria, 

Addendum. After submission of this paper, 
we became aware of work done by Havill, 
Lichty, and Whipple,( 2 1) showing that the 
tolerance of dogs for mercury bichloride was 
increased by frequent hemoglobin injections. 
I t  seems reasonable to assume that the mecha- 
nism of protection from the toxic action of 
the metallic ion was similar in this instance, 
since hemoglobin, like albumin, is reabsorbed 
by the proximal tubule cells until saturation 
of the reabsorptive capacity occurs, although 
Havill and his co-workers did not relate the 
protective effect to the occurrence of hemo- 
globinuria, which they did not measure, sug- 
gesting instead that the pigmented moiety of 
the hemoglobin molecule was responsible for 
the protection. 

ple, G. H., J .  Exp. Med., 1932, v55, 627. 
21. Havill, W. H., Lichty, J. A., Jr., and Whip- 

Summary. Administration of human al- 
bumin to rats, with resultant proteinuria, prior 
to administration of mercurial diuretics, 
sharply reduces renal toxicity of the mer- 
curial. This effect is attributed to inhibition 
of mercurial reabsorption when the tubules 
are saturated with protein. 

Simultaneous administration of human al- 
bumin and the mercurial enhances toxicity. 
This effect is attributed to the more rapid ab- 
sorption of mercurial, concomitant with more 
rapid reabsorption of protein during the tubu- 
lar loading phase. 
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The course of pregnancy may be severely 
altered by ffeeding fanale rats a diet restricted 
in vitamin A, the severity of the alteration 
being roughly proportional to the degree of 
vitamlin deprivation. Death and resorption of 
the fetuses, prolongation ocf pregnancy, and 
delivery of stillborn young were reported by 
Masonl( 1 ) and 'Cannon( 2 )  who employed de- 
ficient diets with little or no supplement of 
vitamin A or carotene. Warkany and Schraf- 
fenberger (3 >4) using similar diets supple- 
mented with smll amounts of carotene also 
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noted a high incidence of fetal resorption; 
but, by interrupting pregnancy at various 
times from the 13th day to term, they were 
able to obtain a number of living and recently 
dead fetuses and newborns suitable for histo- 
logic study. The eyes of these offspring were 
found to bear several developmental anoml- 
ies, notably: folding and ewrsion of the reti- 
na, persistence of the choroidal fissure, ab- 
sence olf the ciliary IMY, and pstlmticular 
fibroplasia. Thus, deficiency of vitamin A 
in the diet of female rats prior to and during 
pregnancy not only reduces fecundity by 
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