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The rate and quantity of placental iron 
transport in swine was observed to be some- 
what less than that reported for sheep(5). 
This could be explained by the differences in 
physical complexity of the 2 placentae. If 
placental transfer is governed partly by mem- 
brane complexity, then more iron would be 
expected to traverse the ovine than the por- 
cine placenta, as reported. 

Values in Table I11 show that a standard- 
ized litter of 8 pigs contained 119 mg iron 
at 105 days gestation. Since a total of 2801 
mg iron was accreted in the total fetal com- 
plex during the 105 day period, iron transfer 
to the total fetal complex per day was cal- 
culated as 2.67 mg. Therefore, if available 
iron was transferred into the placental com- 
plex as needed the added daily iron require- 
ment of pregnancy in swine was 2.67 mg. 
Assuming maternal dietary absorption to be 
lo%, the sow would need to consume an 
additional 26.7 mg iron per day to meet these 
demands for fetal growth and development. 
The ration utilized in this study contained 
463 ppm iron. From these figures it can be 
calculated, therefore, that an additional 5 7.6 
g feed per day would be required to supply 
the additional 2.67 mg iron for the developing 
litter in a pregnant sow. 

Summary. Results of radio-chemical studies 
with 9 pregnant and 3 control gilts dosed 
intravenously with a single tracer injection 
of Fe59 citrate, and sacrificed after 48 hours, 

indicated Fe59 values to increase 7-fold be- 
tween 35 and 70, and 5-fold from 70 to 105 
days gestation, respectively. Total fetal iron 
content increased from 0.18 mg at  35 days 
to 4.3 and 14.9 mg at  70 and 105 days, re- 
spectively. Fetal liver and spleen exhibited 
greatest contribution to hematopoiesis during 
early gestation, while these organs and red 
bone marrow became increasingly important 
as pregnancy advanced. Results of this study 
indicated that iron is transferred across the 
placental membranes of swine at  each tri- 
mester, with quantity and rate increasing pro- 
gressively with each stage of gestation. 

Appreciation is expressed to B. Patterson, B. Cowan 
and Ann Gaydos for technical assistance. 
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Orloff (1) have shown a decrease in free 
water clearance associated with administra- 
tion of chlorothiazide in maximally hydrated 
dogs. The authors suggested that this agent 
blocked sodium transport in the distal neph- 
ron where free water is formed. Porush et a1 
(2 ) ,  and Goldstein et aZ( 3) demonstrated that 
administration of mercurials was unassociated 
with any effect on the concentrating or dilut- 
ing operations in man, and suggested a site 
of action beyond the concentrating and dilut- 
ing sites. During these experiments( 2,3) 
mannitol, a nonspecific solute diuretic, was 
demonstrated to produce an augmentation of 
free water reabsorption ( TCH20). 

Preliminary studies by Cannon et aZ(5) on 
the recently synthesized compound 2,3-di- 
chloro-4- (2-methylene butyryl) phenoxyace- 
tic acid, (ethacrynic acid) , have indicated 
that this is a potent natriuretic agent which 
produces a large increase in osmolar clear- 
ance and a slight decrease in free water clear- 
ance in hydrated subjects. The authors sug- 
gested that both a proximal and a distal tubu- 
lar action was present. The present studies 
were designed to study the effect of etha- 
crynic acid on the concentrating operation. 

Materials and methods. Five patients with 
cirrhosis of the liver and 2 patients with car- 
cinoma were studied. Each patient had sub- 
stantial fluid retention and was receiving a 
500 mg sodium diet containing at  least 75 g 
of protein per day. An indwelling catheter 
was used in the female patients, but the men 
were allowed to void spontaneously. 

Six female mongrel dogs eating normal ad 
Lib diets were studied. The average weight 
was 15 kg. The animals were anesthetized 
with i.v. sodium pentobarbital prior to study 
and an indwelling catheter was placed in the 
bladder. Blood was obtained at  appropriate 
intervals through an indwelling arterial 
needle. 

All subjects studied were in the hydropenic 
state having been fasted for 16 hours and 
given 5 units of vasopressin tannate in oil 12 
hours prior to study. Clearance of inulin (C,,) 
was determined in most studies by standard 
techniques previously described (6).  Aqueous 
pitressin in dosage of a t  least 200 mU/hr 
was infused during all studies. 

The following studies were carried out: 
1. Each subject received a rapid infusion 

of 10% mannitol to determine the control 
TCH20 curve with a non-specific solute. 

2.  Ethacrynic acid was given in a single 
oral dose of 2001 mg to 3 human hydropenic 
subjects, and i.v. in the dose of 1 mg/kg to 
4 hydropenic dogs. In humans after the peak 
volume flow had been obtained a rapid man- 
nitol infusion was superimposed. 

3. Ethacrynic acid was given in the same 
dosage by the same route to hydropenic sub- 
jects (4 humans and 5 dogs), after a steady 
mannitol diuresis had been established. 

Osmolality, sodium, potassium, and inulin 
determinations were made on most blood and 
urine samples. Laboratory methods have pre- 
viously been described ( 6) .  Solute clearance 
(C,sm) was calculated from the formula 

u o s m  
Cosm = - 0  V where U,,, represents 

Posm 
urine osmolality and Po,, represents plasma 
osmolality. TcH20 was calculated from the 
formula TCH20 = COsm - V. 

Results. Since the data appeared compa- 
rable in humans and dogs they are discussed 
together. 

A. Eflects on water conservation. I. Man- 
nitol alone. Hypertonic manntol produced a 
characteristic rise in TCH20 with increasing 
C,,, in all subjects. Values for TCH20 a t  
approximately peak osmolar clearances are 
given in Table I. Representative values of 
TCH20 over a range of Cosm from 3 to 16 
ml/min in 2 of the 7 human subjects are 
shown in Fig. 1. 

11. Ethacrynic acid alone. When ethacrynic 
acid was given alone there was a progressive 
rise in urine volume and Cos, which began 
almost immediately after I.V. administration 
(4 dogs) and at  approximately 20 minutes 
after oral administration (3 humans). The 
pre-drug control C,,, averaged 1.8 -+ 0.5 
ml/min (1 SE) in dogs, and 1.9 rt 0.23 mlJ 
min in humans. The maximum rise in Cos, 
averaged 7.0 r4 0.5 ml/min in dogs (P< 
0.01) and 8.3 t 1.6 ml/min in humans 

In the initial phase of the diuresis TCH20 
either was maintained a t  control levels or 

(P<O.O5). 
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TABLE I. Comparison of Effect of Mannitol and Ethacrynic Acid (E.A.) on Tc&O at 
Comparable Osmolar Clearances. 

Subject Study" Volume c o s m  TcH,O u o s m  P 0 , m  
(ml/min.) (ml/min.) (ml/min.) (mOsm/l) (mOsm/l) 

1 a. 
b. 

2 a. 
b. 

3 a. 
b. 

4 a. 
b. 

5 a. 
b. 

6 a. 
b. 

7 a. 
b. 

C. 

C. 

C. 

A a. 
b. 

B a. 
b. 

D a. 
b. 

E a. 
b. 

F a. 
b. 

G a. 
b. 

C. 

c. 

C. 

C. 

12.6 
15.8 

7.6 
10.8 
7.9 

17.8 
21.8 
12.5 
15.5 
10.0 
11.9 
10.4 
11.7 
9.8 
6.0 
8.9 
8.7 

3.7 
6.1 
6.4 
4.5 
7.8 
7.5 

10.2 
14.3 

7.0 
9.0 

15.3 
5.8 
8.9 
9.0 
5.6 
8.0 

I. Human Studies 
16.0 
15.8 
10.1 
10.8 
8.4 

21.2 
21.7 
15.4 
15.4 
11.3 
12.0 
12.2 
12.0 
10.6 
8.3 
9.3 
8.8 

11. Dog Studies 
6.3 
6.7 
6.7 
7.0 
7.9 
7.6 

14.8 
14.3 

7.6 
15.7 
15.5 
9.2 
9.4 
9.6 
8.3 
8.2 

3.4 
0 
2.5 
0 

.5 
3.4 
-. 1 
2.9 -. 1 
1.3 
.1 

1.9 
.3 
.8 

2.3 
.4 
.1 

2.6 
.6 
.3 

2.5 
.1 
.1 

4.6 
0 

.6 
6.7 

.2 
3.4 

.5 

.6 
2.7 

.2 

399 
302 
400 
320 
324 
363 
287 
382 
293 
333 
288 
362 
312 
316 
43 7 
317 
305 

540 
364 
320 
522 
336 
318 
500 
354 
333 
565 
350 
515 
358 
326 
500 
338 

313 
302 
302 
320 
300 
3 04 
288 
311 
295 
294 
285 
308 
305 
286 
315 
305 
302 

320 
330 
305 
337 
333 
311 
344 
354 
308 
324 
347 
324 
338 
305 
336 
330 

* a. = Mannitol alone ; b. = Mannitol plu's E.A. ; c. = E.A. alone. 

showed a small transient rise. Following this 
there was a precipitous fall in U,,, to levels 
very close to plasma in all subjects and 
TCH20 therefore approached zero (Fig. 1 )  
(Table I). 

111. Ethacrynic acid and mannitol. When 
ethacrynic acid was superimposed upon a 
steady mannitol diuresis (or vice versa) the 
effects on C,, and TcHzO were qualitatively 
the same as those obtained with ethacrynic 
acid alone. TCH20 at  comparable values of 
C,,, for mannitol, ethacrynic acid and the 
combination are given in Table I. There was 
a substantial rise in C,,, with an abrupt fall 

in TCH20 to zero and in some cases to slight- 
ly negative values (Fig. 1, 2) .  The initial 
rise or maintenance of TCH20 observed when 
ethacrynic acid was given alone was not ob- 
served when it  was superimposed on a man- 
nitol diuresis (Fig. 2 ) .  The effects on TCH20 
are further evident in Fig. 3, where mannitol 
points lie a t  a greater distance from the 
isosmo tic line, indicating considerable TCH20 
formation; values for ethacrynic acid cluster 
around the isosmotic line, indicating TCH20 
values near zero. 
B. E8ect on electrolyte excretion. In all 

instances administration of ethacrynic acid 
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was associated with a massive natriuresis and 
a moderate kaliuresis, as has been previously 
reported(5). In the 3 humans receiving the 
drug alone the increase in sodium excretion 
(UN,V) was 1076 t 121 peq/min. When 
ethacrynic acid was superimposed on a 
steady mannitol diuresis in 4 humans, UN,V 
rose 2600 t 335 peq/min from control levels 
with mannitol alone. The increase in potas- 
sium excretion (U,V) averaged 156 t 71 
peq/min with the drug alone and 302 t 77 
peq/min when ethacrynic acid was given dur- 
ing a steady infusion of 10% mannitol. Com- 
parable increases in UsaV and UKV were 
obtained in dogs (Fig. 2 ) .  

Inulin clearance (CIn) showed a mean de- 
crease after ethacrynic acid of 12.9 t 2.3 
ml/min (P<O.O1) from mean control values 
in 5 humans, but the mean decrease in CI, in 
dogs was 6.3 t 6.8 ml/min which was not 
statistically significant. The “sodium rejec- 
tion fraction’’ (cNa/cIn) at  the time of maxi- 
mum diuretic effect with ethacrynic acid 
alone was 11% and 16% of filtered sodium 
in 2 humans in whom calculations could be 
made. When the drug was superimposed on 
a mannitol diuresis values for UN,V in 3 hu- 
mans a t  time of peak drug effect were 32, 
34 and 46% of filtered sodium. 

Discussion. In the present studies admin- 
istration of ethacrynic acid was consistently 
associated with a marked decrease in ability 
of the kidney to concentrate the urine. Ac- 
cording to current concepts of renal physi- 
ology concentration of the urine occurs in 
relation to the following events: sodium is 
actively transported out of the ascending 
loop of Henle essentially without water; as 
a result the medullary interstitium is kept 
hypertonic to plasma, whereas the tubular 
fluid entering the distal convoluted tubule is 
dilute with respect to plasma; in the presence 
of ADH tubular fluid becomes isotonic to 
plasma in the distal convolution, and in the 
collecting duct, where passive diffusion of 
water into the interstitium occurs, the urine 
becomes hypertonic. 

In  hydropenic subjects administration of a 
nonspecific solute such as mannitol induces 
a characteristic increase in TCH20 as C,,, 
increases. In contrast, the increase in C,,, 

URINE CONCENTRATION 

resulting from administration of ethacrynic 
acid was associated with a fall in TcH20, 
which approached zero. The abolishment of 
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FIG. 1. Relationship of free water reabsorption 

( TCH20) t o  solute excretion (C,,,) during diuresis 
with ethaerynic wid and mannitol i n  2 patients. 

FIG. 2. Resultis of a representative study (Dog 
D) showing effects of 14 mg of I V  ethacrynic acid 
superimposed on a steady mannitol diuresis. (E.A. 
given a t  time zero.) 

FIG. 3. Effects of ethaerynic acid and mannitol 
on TeH20 formation in humans. 
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TCH20 by this agent is not prevented by 
prior or concomitant administration of man- 
nitol. This latter finding indicates that de- 
creased delivery of sodium to the loop of 
Henle cannot be responsible for the observed 
effect on TCH20. 

One explanation for the abolishment of 
concentrating ability by ethacrynic acid is 
that the drug blocks sodium transport in the 
ascending loop of Henle, with the result that 
the medullary interstitium rapidly becomes 
isotonic to plasma and TCH20 is abolished. 
Another possibility is that the drug decreases 
the permeability of the collecting duct mem- 
brane to water, even in the presence of maxi- 
mal ADH, so that tubular fluid entering from 
the distal convolution does not come into 
osmotic equilibrium with the medullary inter- 
stitium. Since the decrease in TCH20 is ac- 
companied by a profound sodium diuresis, it 
seems more reasonable to explain the two 
phenomena through a single mechanism, i.e., 
a blocking of sodium transport in the ascend- 
ing loop of Henle. Such an action would not 
only eliminate the formation of TcH20, but 
also deliver more sodium into the urine. The 
hypothesis that ethacrynic acid decreases col- 
lecting duct permeability to water seems un- 
likely since one would have to postulate a 
separate action to explain the natriuresis. 
Furthermore, the urine obtained in the pres- 
ent studies following ethacrynic acid was es- 
sentially isosmotic to plasma, indicating that 
the distal tubular membrane was permeable 
to water, so that the tubular fluid reached 
equilibrium with the surrounding interstitiurn 
in the cortex. The second hypothesis would 
then require a selective effect on the collect- 
ing duct membrane as differentiated from the 

the drug inhibits sodium reabsorption else- 
where in the tubule besides the loop of Henle. 
Cannon et aZ(5) observed an average peak 
“sodium rejection fraction” of 22  % of fil- 
tered sodium in a group of subjects consist- 
ing of 2 normals, 2 patients with cardiac 
failure and 2 patients with cirrhosis. A some- 
what smaller fraction (11 and 17%) was 
noted in 2 humans in the present studies. 
The present data showing that the initial 
sodium diuresis is associated with no change 
or a transient but significant increase in 
TCH20 when ethacrynic acid is given alone 
also suggest that this agent blocks sodium 
reabsorption at  site(s) other than the loop of 
Henle, and that this action may precede the 
effect in the loop by a brief period of time. 
This action is apparently not demonstrable 
when the drug is given with mannitol (Fig. 

Summary. Studies to demonstrate the effect 
of ethacrynic acid on the urine concentrating 
ability of the kidney in maximally dehy- 
drated humans and dogs have been described. 
Results indicate that the drug essentially 
abolishes TCH20 in association with a mas- 
sive sodium diuresis. The most likely expla- 
nation of the effect on urine concentration is 
an inhibition of sodium transport in the 
ascending loop of Henle. Additional sodium 
blocking action at  a site(s) other than the 
loop of Henle is postulated to account for the 
maqnitude of the sodium diuresis. 

Addendum. Since submission of this article 
for publication, Goldberg et al ( J .  Ch. In- 
vest., 1964, v43, 201) have reported that 
ethacrynic acid markedly impaired the urine 
concentrating mechanism in normal human 
subiects. 

2 ) .  

distal tubular membrane, which is unlikely. 
Further evidence against this hypothesis was 

that this drug in hydrated subjects was as- 
sociated with decreased free water clearance, 

permeability rather than a decrease. While 
neither of these hypotheses is established by 

We wish to thank Miss An’n Long and Mrs* 
Margaret Wilcox for supervising the care of the reported by Cannon et showed patients on the metabolic unit and Mrs. Antigone 
Letsou for dietary 

2)eSt.J 1961, v40, ”’* 

Levitt, M. F., ibid., 1961, v40, 1475. 

which might suggest an increase in membrane 1. Earley, La En, Kahn, M v  Orloff, J V  J .  C”n* In- 

2.  Porush, J. G., Goldstein, M. H., Eisner, G. M., 

3.  Goldstein, M. H., Levitt, M. F., Hauser, A. D., the present data, the first seems more likely 
for the reasons given. Polimeros, D., ;bid., 1961, v40, 731. 

The magnitude of the sodium diuresis seen 
with ethacrynic acid strongly suggests that 

4. A ~ ,  w. Y. w., Raisz, L. G., ibid., 1960, v39, 
1302. 
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Relationship of the Adenovirus Erythrocyte-Receptor-Modifying Factor 
to the Type-Specific Complement-Fixing Antigen. (29145) 
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Department of HEW, Public Health Service, Nut. Inst. Health, National Institute of Allergy and 

Infectious Diseases, Laboratory of Clinical Investigations, Bethesda, Md.  

Infection of tissue cultures with adenovi- 
rus types 1, 2, 4, 15 and possibly type 5 re- 
sults in formation of a factor demonstrable 
by its capacity to reduce the agglutinability 
of human 0 erythrocytes for 3 of the adeno- 
virus serotypes which agglutinate these cells 
( 1 ,2 ) . This substance, termed the “erythro- 
cyte-receptor-modifying factor,” was distin- 
guishable physically, serologically, or bio- 
logically from the infectious particles, the 
soluble group complement-fixing antigen (3 ,  
4,s) and the cell-detaching factor (6).  Since 
the erythrocyte-receptor-modifying factor 
was neutralized type-specifically, experiments 
were done to determine its possible relation- 
ship to the soluble type-specific complement- 
fixing antigen (4,s). This report describes re- 
sults of these experiments. 

Materials and methods. Virus preparations. 
Stock virus pools were prepared from proto- 
type strains of adenovirus types 1 and 2. 
These strains, which had been previously 
propagated in cultures with medium contain- 
ing 5 %  chicken serum, were passaged an ad- 
ditional 5 times (0.1 ml of 1:100 dilution) 
in HeLa tube cultures* with Eagle’s basal 
medium( 7) .  Following the final passage, cul- 
tures were frozen and thawed 5 times, pooled, 
centrifuged for 10 minutes a t  2000 rpm and 
the supernatant fluid stored at  -7OOC until 
used. 

Virus suspensions were reduced 100-fold in 
volume with polyvinylpyrrolidone (PVP) t by 

* Tissue cultures were obtained from Microbio- 
lcgical Associates, Inc., Bethesda, Md., and Flow 
Laboratories, Rockville, Md. 

t General Aniline and Film Corp., Linden, N. J. 

the method described by Kohn( 8) .  This pro- 
cedure was carried out at  room temperature. 
Prior to use, suspensions were dialyzed over- 
night at  4OC against 0.01 M phosphate buffer 
solution pH 7.2. 

Antisera preparation. Serum- free adeno- 
virus suspensions prepared with either pri- 
mary rabbit kidney or hamster kidney cul- 
tures were used to prepare antisera in rabbits 
as previously described ( 3 ) .  

Chromatography procedure. Fractionation 
of adenovirus suspensions was done by coI- 
umn chromatography with DEAE-cellulose$ 
a t  room temperature, essentially using the 
procedure described by Wilcox and Ginsberg 
( 5 ) .  Following addition of a suitable volume 
of concentrated and dialyzed adenovirus sus- 
pension to a DEAE column which had been 
previously equilibrated with 0.01 M phos- 
phate buffer pH 7.2, fractions were collected 
by stepwise elution. Twenty-five ml of 0.01 
M phosphate buffer solution pH 7.2 (0.0 M 

NaCl) and buffer solutions containing increas- 
ing concentrations of NaCl were added to the 
column and the effluents collected separately 
under conditions of free-flow. Each fraction 
was reduced in volume 10-fold by dialysis 
against PVP. 

Assay of eluates. Each eluate was assayed 
for biologic activity, and presence of comple- 
ment-fixing antigens against rabbit antiserum 
prepared with a crude type 1 suspension and 
human antiserum from volunteers experimen- 
tally infected with adenovirus type 26. The 
tests for demonstrating erythrocyte-recep tor- 
modifying (ERM) activity and inhibition 

$ Eastman Organic Chemicals, Rochester, N. Y. 


