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Acute renal failure in man may result from
such factors as trauma, transfusion accidents, sep-
sis, burns, and acute poisoning with carbon tetra-
chloride, ethylene glycol, or mercury. Regardless
of the etiology and despite marked variability in
the histologic appearance of the kidneys of indi-
vidual cases, most patients with acute renal fail-
ure develop oliguria or anuria together with evi-
dence of impaired tubular function. The cause
of this decrease in urine volume, however, has
not been well defined. Some theories commonly
conjured to explain the oliguria of acute renal
insufficiency stem largely from pathological find-
ings rather than from functional studies in vivo.
Of these findings, three have been stressed as pos-
sibly being responsible for oliguria: tubular ob-
struction by cellular debris (1-3), tubular com-
pression by interstitial edema (4-7), and "pas-
sive backflow" of glomerular filtrate through holes
in the wall of the tubule (6, 8, 9). We have at-
tempted to determine the possible role of these fac-
tors in mercury-induced acute renal failure in the
rat.

Methods

Sprague-Dawley rats weighing 190 to 250 g were
placed in metabolic cages 12 to 16 hours before ex-
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perimentation. Their food and fluid intake and urine
volume were measured; animals whose water intake
was less than 10 ml during this period received supple-
mentary fluids intraperitoneally in the form of 75 mM
saline. Mercuric chloride, 12 mg per ml 140 mM NaCi,
was injected intramuscularly at a dose of 12 mg per kg,
control animals receiving a comparable volume of saline
alone. Micropuncture experiments were performed at
times ranging from 2 to 27 hours after mercury injec-
tion, and the fluid intake and output in the intervening
period were recorded. Urine osmolalities, measured
cryoscopically with a Fiske osmometer, were obtained
routinely in early experiments to rule out hypovolemia
due to a redistribution of body water and a resultant
ADH effect as the sole cause of oliguria. Since urine
osmolalities in mercury-treated animals were consistently
less than 610 mOsm per kg, these measurements later
were discontinued.
Animals were anesthetized with sodium pentobarbital,

35 mg per kg body weight, supplementary pentobarbital
being added as necessary. They were placed supine
and warmed from above with an infrared lamp to main-
tain body temperature at 400 C. The left kidney was
exposed through an abdominal-flank incision and gently
dissected from the perirenal fat. The renal capsule was
left intact, but in dissecting the kidney from its bed
collateral circulation through capsular vessels was vir-
tually abolished. The kidney was placed in a Lucite
holder as gently as possible, care being taken to avoid
distortion of the renal vessels and ureter. The surface
of the kidney was illuminated with a 25-w zirconium
arc lamp and covered with warm mineral oil to prevent
surface evaporation and facilitate visualization of the
renal architecture. The blood pressure of each animal
was monitored with either a tail microphone apparatus
or direct aortic manometry. When the tail microphone
was used, a 1-cm occluding cuff was placed at the base
of the tail and the pickup positioned 1 cm distal to the
cuff. The output of the carbon microphone was recorded
on a Techtronix oscilloscope, model 502, at a sensitivity
of 200 Av per cm. Mean arterial blood pressure in
anesthetized control animals varied between 80 and 105
mm Hg. To be sure that any abnormalities of renal
function noted in mercury-treated animals were not re-
lated to hypotension, however, animals whose mean ar-
terial pressure was less than 85 mm Hg were excluded
from this study. In many experiments, electrocardio-
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grams were obtained to rule out obvious mercurial myo-
cardiopathy. The output of subcutaneous leads in the
fore and rear legs was recorded on the second channel
of the oscilloscope. There was no detectable difference
in heart rate or QRS complex between control animals
and those that had received mercury up to 12 hours
earlier.
Tubular pressures were measured by manometry in a

manner similar to that described by Wirz (10). Micro-
pipettes with a tip diameter of 10 to 15 A were filled
with a 10% solution of indigo carmine. A water, rather
than mercury, manometer was used in these experiments
to obtain maximal definition. The manometer was ad-
justed at zero pressure before each pressure measure-
ment by immersing the pipette tip into a water well
placed at the same height as the surface of the kidney.
Proximal tubular puncture was performed in the usual
fashion. The pressure at which indigo carmine did
not leave and tubular content did not enter the pipette
was considered the static intratubular pressure.

Glomerular filtration rate, proximal tubular water
absorption, and tubular flow rate were determined at
least 1 hour after the iv inj ection of 40 ,uc of C'4-labeled
inulin. Immediately after this injection, 140 mM saline
containing 75 Mtc of C14-inulin per ml was infused into
the femoral vein at a rate of 0.45 ml per hour with a
Braun microperfusion pump and siliconized, precision-
ground syringes. Only proximal convoluted tubules
were punctured in these experiments, collections being
made with pipettes whose tip diameter averaged some
8 A so as to minimize the risk of leakage of tubular con-
tents around the pipette. A drop of mineral oil stained
with Sudan black was inj ected through the collection
pipette just before the collection of the sample to
prevent retrograde aspiration of tubular contents. Fluid
was withdrawn from the tubule at a rate closely approxi-
mating spontaneous tubular flow by allowing the in-
jected oil droplet to move neither towards the pipette
nor distally down the tubule. Samples varied in size
from 0.01 to 0.06 ,l, volumes being measured in a pre-
calibrated 0.2 mm i.d. constant-bore capillary tube. Menis-
cus error was minimized and evaporation of the samples
prevented by filling the tip of the capillary with a 7: 3
mixture of chloroform and liquid silicone. The site of
each collection was assessed by the intratubular injec-
tion of latex and subsequent microdissection of the
nephron in the manner described by Bott (11). One-
tenth-ml blood samples were taken from the tail im-
mediately before and after each collection period for
inulin assay. Inulin-C"4 activities of tubular fluid and
plasma samples were measured in a Nuclear Chicago
liquid counter at an efficiency of 62%. The glomerular
filtration rate of individual nephrons was calculated from
the plasma C4-inulin concentration and the excretion
rate of C'4-inulin by each nephron. Water absorption
was calculated from the C'4 concentration ratio in tubular
fluid and blood. The rate of flow of fluid in individual
tubules was derived from the measured rate of collec-
tion. When greatly reduced glomerular filtration de-
veloped, volumes adequate for accurate measurement

could not be obtained; flow rates were then assessed
grossly by injecting a drop of stained mineral oil and
observing its rate of passage down the tubules. For
comparative purposes, qualitative estimates of flow rates
were made in this way at time periods when flow was
not yet expected to be greatly reduced. Each kidney
studied was excised for histologic examination before
sacrificing the animal to ensure the presence of mer-
curial nephropathy in treated animals subjected to micro-
puncture.

Results

The average urine volume of rats in the con-
trol period was 14.6 ± 1.4 ml (SD). After an
initial output of up to 2 ml within the first 4 hours,
94%7 of mercury-treated animals that were allowed
to survive a further 24 hours excreted less than
3 ml of urine, 33%o of them being totally anuric.
Most rats that did not develop oliguria (defined as
less than 3 ml per 24 hours) had, however, a
reasonably normal urine volume. The mean urine
output of the entire group was 1.4 ± 3.3 ml (SD)
per 24 hours. Urine osmolality of the 24-hour
samples in the mercury-treated group was less
than 610 mOsm per kg in all but two of these ani-
mals, both of which had normal urine volumes
and were, therefore, excluded from micropuncture
study. Urine osmolality in the control period al-
ways exceeded 1,300 mOsm per kg and averaged
1,840 ± 280 (SD) mOsm per kg. It was ap-
parent from the low osmolalities that the oliguria
of mercury-treated rats was not due solely to un-
detected dehydration. Isosthenuria characteristic
of acute renal failure in man was not observed;
however, urine osmolality when measured aver-
aged 180 ± 30 mOsm per kg more than that in
plasma.
Appearance of the kidney by inspection in vivo.

The kidneys appeared perfectly normal in most
animals for the first 6 hours after mercury was
injected. As seen under the dissecting micro-
scope at 160 x magnification, they were a normal
pink color, their tubular lumina were normal in
size, and tubular walls were sharply defined and
clear. Capillary circulation appeared grossly nor-
mal. Thereafter, changes in appearance devel-
oped with increasing frequency and severity. By
8 to 9 hours after mercury, scattered tubules
showed significant change. These tubules were
pale, with granularity of the tubular cells begin-
ning to develop. Their lumina were narrower
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than normal, and tubular flow rates typically
were reduced. With the passage of time, more
and more tubules showed these changes, although
moderate variation in the time of development
and severity of change was apparent in different
animals. By 16 hours, however, kidneys of oligu-
ric animals had a "nutmeg" appearance due to
the presence of tubular segments with mild to
moderate change scattered in a sea of grossly ab-
normal tubules. The latter were pale and coarsely
granular in appearance, had extremely narrow or
seemingly absent lumina, and had very poor or
absent flow. They typified virtually all tubules
seen at 24 to 48 hours. Debris, pale granular ma-
terial resembling the tubular cell cytoplasm, was
seen to pass along the nephron. With moderately
brisk flow, this material sped down the tubule
with no apparent tendency toward aggregation.
As flow progressively decreased, however, ag-
gregation of the detritus was seen to occur until,
when tubules were virtually without flow, the ma-
terial coalesced with resultant occlusion of the
lumen. It seemed, therefore, that obstruction
was the result of cessation of tubular flow rather
than the cause of it.
The peritubular blood flow typically was not

judged to be markedly reduced at any time in the
first 24 hours after mercury was administered,
although moderate reduction was observed in
kidneys examined after 12 to 16 hours. There
was no noticeable intermittency of capillary flow,
nor were segmental differences in circulation
noted anywhere on the kidney surface.
Proximal tubular hydrostatic pressure. Proxi-

mal tubular pressures measured in 59 experiments
on 23 control animals averaged 15.6 + 0.3 cm
H2O (SE), a value in good agreement with
those previously reported by Wirz (10) and
Gottschalk and Mylle (12). Triplicate deter-
minations of the pressure in eight tubules showed
a maximal range of 4.8% int any tubule. As
shown in Figure 1, no significant change in proxi-
mal tubular pressure was detected for the first 8
hours after mercury was injected, the mean pres-
sure being 16.2 ± 0.6 cm H1O. Greater varia-
tion between animals was seen, however, as mani-
fest in the larger standard error of the mean in
this series. Eight to 13 hours after the adminis-
tration of mercury, mean proximal tubular pres-
sure in 79 experiments in 14 animals was reduced
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FIG. 1. PROXIMAL TUBULAR INTRALUMINAL HYDRO-
STATIC PRESSURE IN CONTROL ANIMALS AND AT INCREAS-
ING INTERVALS AFTER MERCURY ADMINISTRATION. The
number of measurements in each group is shown at the
base of each column.

to 11.3 ± 0.9 cm H2O (p < 0.001). There was
a distinct correlation between the appearance of
nephrons and their intratubular pressure. Tu-
bules that appeared normal or near normal were
found to average 5.4 cm H2O higher pressure
than those that were pale and had diminished
flow.

Pressure was further reduced to 8.5 ± 0.5 cm
H2O in 128 measurements on 24 animals 22 to
26 hours after mercuric chloride (p < 0.001).
This value was derived only from those tubules
that still had a discernible lumen and were not
obstructed. Although accurate assessment of
pressure in frankly obstructed tubules is not pos-
sible, pressures generally appeared greatly lower
in frankly obstructed tubules. The kidneys of
these animals showed pallor and frank desquama-
tion of cells into the lumen; tubular flow was to-
tally lacking in most nephrons. There was no
correlation between tubular hydrostatic pressure
and systemic blood pressure.
GFR, flow rate, and water absorption. Glo-

merular filtration rates (GFR) were measured
in 34 tubules of 14 control animals. The GFR of
this group was 42 + 3 mill per tubule-minute
(SE) (Table I). GFR was measured from 5.7
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IlBLE I

Glomerular filtration rate (GFR), absolute water absorption, and flow rote nieasured in individual nephrons of
control animals and those that had received mercury approxi.mately 6 hours earlier

GFR Absolute water absorption Tubular flow rate

nmsl tuu bule tm 1

42 ± 3(SE)
19 ± 5

D)ilfcrencc p < 0.001

mp,8 l ltubtle length
0.37 ± 0.02 (SE,)
0.17 ±- 0.03
p <0.001

nmi1 Itubutle m inZ
20.7 ± 4.0 (SE)
12.9 ± 1.3
p < 0.001

hotirs to 8.3 hours (mean 6.1 hours) after mer-
cury was administered to teln rats. The mean
filtration rate in 23 tubtiles was 19 + 5 nil per
tubtile * minute. a value significantly lower than
that of controls (p < 0.001 ).

As shown in Table I, a significant (lecrease in
flow rate was (letectallle in these tulItilles (1) <
0.001 ). ~eIcan flow rate in 40 tubtiles of 17 coil-
trol animals \was 20.7 - 4.0 m/il per minute ( SE),
where-as that measured 6 hours after mercury inI
23 tullubles of ten rats waS 12.9 ± 1.3 nm/tl per
nunu1te. The (qlualitative estlimation of tubular
flos (leter1inel by eve is slown inI igure 2.
Flow ws rrale(ld as 0, 1, 2, or 3 -, 3 + beig,
nornial flow and 0 being absence of flow. Flow
wXas Markedly (liminishedl or absent in 16%(/G of 52
tubules examlinedl 4 to 8 hours after mercury was

injecte(l and was dliminishedl in cla additional 64%1/c.
Between 8 all(l 13 hours after mercury, however,
50%/( of nel)hrons showed (lecrease(l flow\, 29c/c

having virtually no flow. At 24 hours, 8500c of
128 nephrons in 23 animals had no detectal)le flow,
the remainintg 1.%( having diminishedl flow. -In
a few instances where flow was juldged to lbe near
normal, the kidnley did not have the typical ap-
pearance of mercury nephropathv, and tulbmular
pressures were not grossly reduced. These valuesi.
therefore, were exclu(de(d from the series. Such
kidnles, found in four oligluric animals, had the

appearance of animals studied 6 to 8 hours after
mercury. The explanation for their appearance
is unknown. It is possibly (lue to leakage of
mercury trom the injection site, since the rate of

progressiol of changes in1 the kidnev has been

shown to lie a function of niercurv (losac ( 13 ).
\Water absorption was (letermine(l fronm the

intilin tubular fluil/plasma ( T/P' ) ratio in 16(
proximal tubules of seven control animials and in
15 tubules of ten animals 6 hours after mercury
injection. As niay lie seen from Figure 3, there

INTRATUBULAR FLOW RATES
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FIG. 2. QUALITATIVE ESTrI.MATE (IF PROXIMAL. TUBUtL.AR ELIOW RATE iN CONTROL AND

MIERCURY-TREATEID ANIMALS. The number of observations in each group is the saute as
in Fihgure 1.
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was no apparent difference in fractional water ab-
sorption per unit tubular length. The spread of
data in both groups was quite wide. Absolute
values for water absorption (fractional water ab-
sorption x GFR) at various sites of the proximal
tubule were, however, statistically different (p <
0.001), being 0.37 ± 0.02 m/ul (SE) and 0.17 ±
0.03 mul per cent of tubular length in control and
mercury-treated animals respectively.

It was not possible to obtain quantitative esti-
mates of water absorption when oliguria was well
established, since volumes adequate for inulin as-
say could not be obtained. In a number of cases,
however, a segment of 140 mM saline was in-
jected into a tubule between oil droplets and the
rate of absorption observed. Absorption was seen
to decrease progressively with time, being almost
nonexistent 24 hours after mercury injection.

Discussion

Regardless of its cause, acute renal failure in
man is characterized by impaired tubular func-
tion and severe oliguria. Although comparable
abnormalities of the renal parenchyma may be
produced in many ways in the laboratory, most
experimental models are characterized by polyuria
rather than oliguria. Mercury poisoning, how-
ever, predictably produces oliguria, 94%o of well-
hydrated animals in this study developing severe
oliguria or total anuria within 24 hours after mer-
cury was given. A similar proportion of rats
was reported by Sims, Goldberg, Kelly, and Sisco
to develop oliguria after this dose of mercury
(14). In attempting to discover the factors that
contribute to the development of oliguria in ex-
perimental acute renal failure, it is essential that a
model be used in which both the anatomic and
the functional changes are consistent in their
time of onset and rate of progression. Mercury
poisoning was chosen for these experiments be-
cause it fulfills these criteria. Furthermore, pres-
ent concepts of the pathophysiology of anuria have
been influenced considerably by other studies
utilizing this means of producing acute renal fail-
ure. We felt, therefore, that conclusions so de-
rived warrant direct examination. It should be
stressed at the onset, however, that the events
which occur in HgCl,-induced nephropathy hold
no necessary correlation with those occurring in
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FIG. 3. FRACTION OF FILTERED VOLUME ABSORBED IN

INDIVIDUAL PROXIMAL TUBULES RELATED TO SITE OF SAMPLE

COLLECTION. There is no statistical difference between
control values and those obtained 5.7 to 8.3 hours after
mercury had been injected.

man as a result of transfusion reactions, septic
abortion, crush injuries, burns, or the myriad
other causes of acute renal failure.

Histologic examination of the kidney in acute
renal failure usually discloses lesions that may
account for the observed impairment of tubular
function. No consistent alteration of the glomer-
uli that might explain the decreased urine volume
has been described, however, in either light or
electron microscopy studies (15). It is not sur-
prising, therefore, that the oliguria of acute renal
failure also has been attributed to tubular lesions
(1-3, 6, 8, 9). These lesions, which may be
seen in acute renal failure of both man and ex-
perimental animals, include disruption of tubular
cells, interstitial edema, and the presence of in-
traluminal casts. Each has been incriminated as
a possible cause of oliguria. There is not a close
correlation, however, between histologic findings
and the development of oliguric renal failure (6,
16-18). In a controlled autopsy study, Finckh,
Jeremey, and Whyte found instances of acute
renal failure associated with minimal abnormali-
ties of the tubules, although kidneys of some pa-
tients who did not have renal failure had rela-
tively severe tubular lesions. Nor is there any
necessary correlation between the degree of func-
tional impairment and the histologic appearance
of the kidney in renal biopsy specimens taken 2
to 66 days after the onset of anuria (19).
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The concept of a tubular basis for oliguria re-

ceives support from a widely quoted micropuncture
study of Richards (20). This brief report pub-
lished in 1929 states that frogs injected with mer-

cury developed anuria at a time when their GFR
was normal or increased. Unfortunately, the
means by which the rate of formation of both glo-
merular filtrate and urine was assessed in this
study was not stated. Information on the dose
and route of administration of mercury was not
given, nor was there any mention of the time in-
terval between mercury injection and the onset
of anuria. Oliver also has studied urine forma-
tion in frogs poisoned with mercuric chloride that
was perfused through their separate glomerular
and tubular circulations (21). When 10 ml of
1: 10,000 corrosive sublimate in Locke's solu-
tion was perfused through the renal arteries to the
glomeruli, a prompt decrease in the urine volume
to approximately one-third of control values was

observed. When, however, the peritubular cir-
culation was perfused with mercury by way of
the renal portal vein, urine volume increased al-
most fourfold. These results are diametrically
opposed to those reported by Richards.

If anuria were the result of complete absorption
of glomerular filtrate formed at a normal or near

normal rate, how might this occur? Water ab-
sorption by the proximal tubule has been shown
to be a totally passive process secondary to the
active transport of sodium (20-24). An increase
in active sodium transport due to mercury poison-

ing is highly unlikely, mercury having been shown
to inhibit active transport processes rather than
enhance them (25-27). A means of promoting
passive transport must, therefore, be considered.
Significant absorption of proximal tubular con-

tent cannot occur by diffusion, since there is no

real concentration difference between most of the
contents of plasma and the glomerular filtrate.
If tubules whose sodium transport capabilities
were lost retained their normal capacity to absorb
glucose, only a little more than 0.5% of the total
volume of filtrate would diffuse from the tubule
in response to the minimal resultant change in
tubular fluid osmolality. Such forces as electro-
osmosis and thermal gradients have not been
shown to be important in biological systems and
may be excluded from our consideration. Trans-
tubular hydrostatic pressure gradients and the

possible effect of the oncotic pressure of plasma in
peritubular capillaries remain to be considered.
According to one theory, tubular contents nor-
mally are absorbed passively as a result of the
colloid oncotic pressure of peritubular capillary
blood in a manner analogous to the return of in-
terstitial fluid into the muscle capillary (28, 29).
In normal Necturus, such a phenomenon has been
effectively disproved, absorption of tubular con-
tents continuing despite the introduction into the
proximal tubule of fluid with a protein concentra-
tion 50%o greater than that of plasma (24).
Similar results have been obtained in normal rat
proximal tubules (30). Colloid oncotic pressure,
some 35 cm of water, is a not inconsiderable force
for water absorption across such highly water-
permeable structures as capillaries. The water
permeability of normal proximal tubules, how-
ever, may be calculated to be orders of magnitude
less than that of a capillary. Furthermore, the
gradient for fluid absorption into capillaries is
great, only the thickness of the capillary wall be-
ing interposed between the plasma and the fluid
to be resorbed. In the case of the nephron, on
the other hand, the gradient is relatively small,
the tubular cell and renal interstitium also being
interposed between the lumen content and the
peritubular blood. An increased permeability of
the tubule has been postulated to occur in acute
renal failure, however, which might facilitate the
absorption of lumen contents either by this mecha-
nism (6, 8, 9) or as the result of a transtubular
hydrostatic pressure difference.
No difference between the hydrostatic pressure

of the tubule and the peritubular capillaries has
been found in normal rat kidneys, suggesting that
there is no significant hydrostatic pressure gradi-
ent between tubules and interstitium (10, 12).
This is to be expected. The tubules being both
collapsible and distensible and the interstitial fluid
having a ready source of egress through the renal
lymphatics and veins, equilibration of pressure
differences between tubules and interstitium
should occur promptly. Regardless of theoretic
considerations, increased proximal tubular ab-
sorption of water was not seen at any phase of
this study of mercury-induced oliguria. Frac-
tional net water absorption in the first 6 to 8
hours after mercury was not statistically different
from that of controls. Although mean water ab-
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sorption averaged some 25% less than control
values, the wide spread of the data obviated any
statistical significance that otherwise might have
obtained. Nonetheless, with glomerular filtration
in mercury-treated animals reduced by one-third,
values for absolute water absorption in these ani-
mals were significantly lower than those of con-
trols. Later, when oliguria was well established,
fluid absorption from the proximal tubules, de-
termined directly from the rate of absorption of
an injected drop of 140 mM saline, was virtually
absent. It is apparent, therefore, that tubular
"backflow" cannot play a significant role in the
oliguria of mercury-induced acute renal failure in
the rat.

Tubular obstruction with casts or cell debris
also has been claimed to contribute to oliguria in
acute renal failure by increasing intratubular pres-
sure. The significance of casts in the genesis of
oliguria in man has been questioned, however, on
the grounds of their relative infrequency in his-
tologic sections (6, 18). In the present experi-
ments, glomerular filtration rate was shown to
fall without any demonstrable increase in intra-
tubular pressure. To the contrary, intratubular
pressure decreased steadily until, 24 hours after
the administration of mercury, it averaged only
54%o of control values. Thus obstruction per se
cannot account for the observed decrease in GFR;
rather, with the passage of time detritus was seen
to appear in the tubular lumina. At first when
flow was not markedly altered, the particulate
matter was swept rapidly through the tubule with-
out apparent aggregation. As flow through the
tubules progressively decreased, debris tended to
aggregate more and more. Between 16 and 24
hours after mercury, when flow was almost com-
pletely absent, the tubular lumen tended to be-
come totally occluded. It appears, therefore, that
tubular obstruction is the result, rather than the
cause, of diminished flow.

In evaluating the significance of a decreased
intratubular hydrostatic pressure in these experi-
ments, the possibility of obstruction proximal to
the site of pressure measurement must be con-
sidered. Micropuncture studies were performed
at sites varying from 16% to 77% of total proxi-
mal tubular length. If undetected partial ob-
struction occurred in the inaccessible first 20%
of the tubule, the intracapsular pressure of the

glomerulus might be high while a low pressure is
measured distal to the obstruction. However,
histologic examination of kidneys obtained 8 to 16
hours after mercury, a time when proximal tubular
pressure was already reduced, generally did not
show occlusion of tubules, nor was obvious cast
material found in proximal segments at the time of
microdissection. The assumption that pressures
measured in these experiments are not factitiously
low and mirror capsular pressures, therefore,
seems valid.

Glomerular filtration was observed to be im-
paired within 6 hours after mercury administra-
tion. The validity of measurements of GFR in
individual nephrons utilizing inulin clearance may
be challenged, however, because of the possibility
of inulin loss across damaged tubular walls.
The reduction in GFR in these experiments be-
gan long before gross disruption of the tubular
epithelium had occurred. Furthermore, since
flow rates determined at a time when GFR was
already grossly reduced still averaged 62%o of con-
trol values, transit time from glomerulus to col-
lection site was only a matter of seconds. The
mean inulin TF/P of mercury-treated animals at
this time was 1.6. In view of this low transtubu-
lar inulin concentration difference, as well as the
small inulin-free diffusion coefficient (0.3 x 10-
cm2 sec-1) and the short time of exposure of fil-
trate to the tubular wall, net diffusion of a large
amount of inulin across the tubule would seem
rather unlikely even if tubular integrity were sig-
nificantly impaired. Within 24 hours after mer-
cury administration, moreover, proximal tubular
fluid flow rates were insignificantly small. Since
absorption of isosmolar fluid injected into the
tubule was seen to be grossly diminished (rather
than augmented) at this time, it must be inferred
that the GFR also was extremely small and that
the decrease and ultimate cessation of GFR were
the primary causes of oliguria in these experi-
ments.
No abnormality in glomerular anatomy has

been demonstrated in acute renal failure (15).
Although decreased glomerular permeability is
not ruled out by this fact, it is unlikely that glo-
merular filtration would virtually cease on this
basis without some abnormality of glomerular
structure being demonstrated on electron micros-
copy. One must postulate, therefore, a vascular
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basis for the cessation of glomerular filtration.
Hypotension is ruled out as a cause of the de-
creased GFR in these experiments, since micro-
puncture was not performed on animals with a
mean arterial blood pressure lower than 85 mm
Hg. Preglomerular vascular constriction, post-
glomerular dilitation, preglomerular shunting, or
a combination of these factors remains as a pos-
sible cause of the observed decrease. There are no
data to be derived from this study that might dif-
ferentiate among these possibilities. In the pres-
ent experiments, the peritubular circulation was
judged visually to be not greatly diminished in
most animals 12 to 24 hours after mercury, nor
was circulatory intermittency observed. Further-
more, the function of several tubules, often at
widely scattered points of the kidney surface, was
studied in each rat. Although there was variation
in the function of nephrons in the same kidney,
marked functional disparity between nephrons as
suggested by the intact nephron hypothesis or in-
tra-renal shunting was not observed. It would
appear that the capillary circulation of the surface
nephrons, at least, was relatively homogeneous.

Summary

The physiologic events leading to the develop-
ment of anuria in HgCl2-induced acute renal fail-
ure have been studied in the rat. Glomerular
filtration becomes progressively decreased as oligu-
ria develops. Absorption of proximal tubular
fluid and intratubular pressure also decrease
progressively. Tubular obstruction due to cast
formation or interstitial edema and passive back-
flow of the filtrate were shown to play no signifi-
cant role in the development of anuria. Rather,
tubular obstruction with detritus appears to be
the result of the decreased glomerular filtration
rate (GFR) and diminished tubular flow. A pri-
mary decrease in GFR is thus suggested as the
initial cause of anuria in HgCl2-poisoned rats.
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