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Summary. Glucose titration studies were performed in rats with unilateral
chronic pyelonephritis before and after removal of the contralateral control

kidneys.

Identical studies were performed in animals with unilateral par-

tial renal infarction in which the experimental kidneys had a marked reduc-
tion in nephron population but no anatomic deformation in the surviving

nephrons.

and chemical abnormalities of uremia.
Minimal splay was observed in the titration curves

normalities were present.

In the initial studies, both groups of animals were free of clinical

In the follow-up studies uremic ab-

in the initial studies; marked splay was present in the group data from the

same kidneys in the subsequent studies.

Thus a marked reduction in the

nephron population was associated with the evolution of splay in both groups

of animals.

In association with the increase in splay, the mean values for

maximal glucose transport increased; thus a defect in glucose transport can
be excluded as the basis of the splay. Glomerular filtration rate increased
proportionately more than the maximal transport of glucose; hence the ratios
of glomerular filtration rate to maximal glucose transport increased con-
sistently. The possibility of asymmetric hypertrophy of glomerular and
tubular functions among the nephron population imposed by scar tissue or
other anatomic deformities was considered, but the results in the animals
with partially infarcted kidneys militate against this explanation. The splay
also could reflect an asymmetric alteration in the distribution of glomerulo-
tubular balance among the residual units initiated by functional adaptations.
Finally, the splay could relate to an alteration in the kinetics of glucose trans-
port without any change in the level of functional homogeneity. The
possible nature of these has been considered in the text.

Introduction

The glucose titration curve is believed to provide
a sensitive index of nephron homogeneity (1-3).
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If all the nephrons in a kidney reabsorb fil-
tered glucose quantitatively until their individual
maximal transport rates (Tm) are approached;
if the reabsorptive capacity becomes saturated
at load/Tm ratios of only slightly greater
than unity; if the rate of reabsorption remains
constant thereafter despite progressive incre-
ments in filtered glucose; and if the level of
glomerulotubular balance, with relation to glucose,
is the same for all nephrons (i.e., if each nephron
reaches Tm at the same blood sugar level), the
nephron population will appear homogeneous and
there will be limited splay in the titration curve.
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On the other hand, if any group of nephrons
reaches Tm either at a lower blood sugar level or
at a higher blood sugar level than the predominant
population of nephrons, heterogeneity will exist,
and there will be splay in the titration curve.
Within the framework of this schema, the greater
the splay, the greater the functional heterogeneity
of the constituent nephrons. However, it is not
so well appreciated that splay may also occur in a
completely homogeneous population of nephrons
due to a uniform alteration in the kinetics of glu-
cose reabsorption (3).

In previous studies from this laboratory, the
glucose titration technique was applied to the
analysis of functional homogeneity of the diseased
kidney of the dog (4). The experiments were
performed on animals with one diseased and one
normal kidney. The mean glucose titration curve
for the diseased kidneys exhibited minimal splay,
and there was no significant difference between the
titration curves for diseased and contralateral con-
trol organs (4). We interpreted these data to
indicate that the pathologic alterations produced
by three different types of experimental renal
parenchymal disease had not changed the homo-
geneity of glomerulotubular balance with respect
to glucose. More recently, we have performed
glucose titration studies on patients with chronic
bilateral glomerulonephritis and pyelonephritis (5).
In agreement with the data derived from the dog,
splay was not increased appreciably in patients
whose glomerular filtration rates were reduced by
as much as 80 to 85%. However, in contrast to
the pattern observed in the dog, splay was in-
creased in patients with GFR values below 15 ml
per minute, and when glomerular filtration rate
was below 10 ml per minute, the splay was quite
marked. The fact that splay did not emerge in the
severely diseased kidney of the dog in which there
was a normal control kidney and that abnormal
splay appeared in human beings only when GFR
was greatly reduced suggests that a major re-
duction in total (i.e., bilateral) functioning nephron
population may be implicated in the pathogenesis
of splay. The present studies represent an at-
tempt to explore this possibility.

Experiments were performed in the rat. This
species was chosen in preference to the dog be-
cause the rat is more analogous to man in terms
of the ratio of nephrons with short versus long
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loops of Henle (6). Anatomically the relation-
ship between glomeruli and appended proximal
tubules is different in these two populations of
nephrons, and conceivably this difference could
have relevance in a study of the homogeneity of
glomerulotubular balance. In one group of rats,
unilateral pyelonephritis was induced and glucose
titrations were performed simultaneously on the
diseased and control kidneys. Thereafter the con-
trol kidney was removed. Approximately 2 weeks
after nephrectomy glucose titration studies were
repeated. Thus the same nephrons of the same
diseased kidneys were studied twice. In the ini-
tial studies, with a control kidney n situ, there
were a large population of nephrons and relatively
normal extracellular fluid composition; in the sec-
ond set of experiments, the total nephron popula-
tion was markedly diminished and uremia was
present. In another group of animals the neph-
ron population in the experimental kidney was re-
duced by ligating branches of the renal artery
supplying from 50 to 80% of the renal parenchyma.
These kidneys also had a marked reduction in
nephron population, but the residual nephrons
were free of the pathologic changes observed in
the pyelonephritic kidneys. The same experi-
mental sequence described for the animals with
pyelonephritis was followed in the rats with uni-
lateral partial renal infarction.

Methods

Pyelonephritis was induced in the left kidney of female
Sprague-Dawley rats of the Holtzman strain. The tech-
nique was modified from that previously described in the
dog (7). The exposed kidney was punctured 50 times
with a 26-gauge heated cautery needle. An additional 50
punctures were then made with a 25-gauge hypodermic
needle that was dipped repeatedly into a culture of
Escherichia coli. Efforts were made during this proce-
dure to distribute the punctures uniformly. Bleeding
was controlled with pressure. One-half ml of a 4-hour
broth culture of E. coli was then administered intra-
venously via a tail vein, and 4 ml of isotonic saline was
injected subcutaneously.

Partial infarction was performed by exposing the left
kidney through a midline incision, isolating the main
renal artery and its primary and secondary divisions, and
then tying the majority of these with a silk ligature.
A clear line of demarcation appeared between the ischemic
and normal zones of renal parenchyma. The area of in-
farction could be seen easily.

At the time of the titration studies, the animal was
prepared by a modification of the technique described by
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Cotlove (8). Light anesthesia was induced with ether,
and the distal part of the left femoral artery was exposed
through a small incision. A polyethylene catheter (PE
10) filled with heparinized saline was introduced into the
artery and tied firmly into position. The skin incision
was closed. A low midline abdominal incision then was
made and PE 10 catheter introduced into the right
ureter. With the abdomen still open, the bladder was
catheterized through the urethra with a PE 90 poly-
ethylene tube in which several side holes had been cut.
The bladder catheter was positioned under direct vision
and fixed securely in place by suturing it to the skin
near the urethral orifice. After urine was seen to flow
out of both urethral and ureteral catheters, the abdomi-
nal incision was closed. A 25-gauge needle with a poly-
ethylene extension was secured in the tail vein and used
for the infusion.

Upon completion of the surgical procedures, 5 ml of
isotonic saline was administered subcutaneously, and the
animal was placed in a plastic cylinder that was bivalved
longitudinally to permit easy positioning of the rat. The
lower half of the plastic tube contained two holes
through which the rat’s hind legs emerged and a third
somewhat larger hole for the urethral and bladder cathe-
ters. After the animal had been positioned correctly,
the two halves of the cylinder were taped together, and
the unit was clamped in a horizontal position. The legs
were secured to a bar positioned below and at right
angles to the cylinder. The tail projected through the
open end of the cylinder, and the head was in contact
with the atmosphere. The animal was allowed to re-
cover from the anesthetic, and studies were performed in
the unanesthetized state. Most of the animals were
trained to tolerate confinement in the cylinders before
the day of the first experiment. .

Glomerular filtration rate was measured with carboxyl-
labeled inulin-*C. The priming dose of inulin-*C was
administered via the tail vein catheter ; the sustaining dose
was given through the same catheter by constant infu-
sion. The dose of *C was calculated to provide a count-
ing rate of approximately 300 cpm in a 10-ul sample of
plasma. A 1-hour equilibration period was employed in
most experiments; however, if the animals had not fully
recovered from the anesthetic, if the urine flow was small,
if the urine was not glucose-free, or if the animals were
not resting quietly in the tube, the equilibration period
was prolonged. Five per cent glucose was infused dur-
ing the equilibration period and the first three clearance
periods. After the third period, blood sugar levels were
increased in a graduated manner to values in excess of
500 mg per 100 ml by increasing the concentration of
glucose in the infusate in a stepwise manner. In general
three clearance periods were obtained at each level of
glucose infusion, but the duration of each infusion was
judged in part by the concentration of glucose in the
urine measured semiquantitatively with glucose oxidase
paper. The inulin and glucose solutions were contained in
separate syringes both of which were placed in the same
Harvard constant speed infusion pump (model 600-000).
The two solutions mixed at a Y-connection and were de-
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livered to the rat through the common polyethylene tube.
The infusions were delivered at a rate of 60 ul per min-
ute (30 ul per minute for glucose and 30 ul per minute for
inulin).

Individual clearance periods varied from 20 to 30 min-
utes in duration depending upon the rate of urine flow.
At least 15 clearance periods were obtained during the
average experiment. Urine from the individual kidneys
was collected in 1-ml graduated tubes. At the end of
each collection period pressure was applied over the back
of the rat to facilitate emptying of the bladder. This
maneuver, after some practice, proved to be a satisfac-
tory means of obtaining complete collections. Arterial
blood samples were collected at the beginning, middle,
and end of each clearance period in heparinized micro-
hematocrit tubes. These tubes were centrifuged, and the
plasma was pooled so as to obtain a plasma glucose con-
centration for each clearance period approximating an
integrated value.

At the completion of an experiment, the rat was re-
anesthetized, all catheters were removed, and the thigh
and abdominal wounds were closed surgically. Immedi-
ately thereafter, the right kidney was removed through a
posterolateral abdominal incision. Each rat was given 5
ml of isotonic saline subcutaneously and returned to its
cage. During the succeeding days, the animal was weighed
daily, and if weight loss and polyuria were excessive, sup-
plementary salt was added to the drinking water. Oc-
casionally the sodium losses in the urine necessitated sub-
cutaneous injection of saline during the first few post-
operative days.

The procedure followed during the postnephrectomy
experiments was essentially the same as that described
above. The femoral artery and tail vein were cannu-
lated again, and in 7 of 9 animals with pyelonephritis and
9 of 12 animals with partial infarction, the ureter drain-
ing the experimental kidney was cannulated through an
abdominal incision. In the remaining animals, bladder
urine was collected so that an additional study could be
performed approximately 4 weeks after nephrectomy.
The volume of blood collected during each period in the
postnephrectomy studies could be reduced because of the
low hematocrits in uremic animals, and the rate of in-
fusion of inulin and glucose was reduced by 50%.

For the determination of inulin-“C in urine, 10-ul
samples of undiluted urine were pipetted in duplicate into
plastic counting vials containing 7 ml of a liquid scintil-
lation solution (9). Plasma was deproteinized by adding
100 ul to 1 ml of 2% perchloric acid. One hundred ul of
the supernatant was pipetted in duplicate into the plastic
counting vials containing the scintillator. *C was
counted in a Packard Tri-Carb liquid scintillation spec-
trometer (model 3214), and a total of at least 5,000
counts was obtained on each sample. Plasma samples
were found to quench the scintillation system; this was
corrected for by recounting the samples after adding a
C internal standard.

For determination of glucose in urine, 200-u1 samples
were pipetted into an ion exchange column containing
Amberlite 120 and 400 exchange resins, and doubly dis-
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tilled water was used as a wash. The effluent from each
column was collected in a graduated cylinder, and water
was added to the column until the final volume of effluent
equaled 4 ml. (Glucose recoveries were found to be com-
plete with this volume of wash.) Glucose was determined
on urine filtrates and on deproteinized plasma samples by
a glucose oxidase method (10). Glucose titration curves
and frequency distribution curves were calculated by the
methods described originally by Smith and his associ-
ates (1) and recently amplified by Letteri and Wesson
(11). The numerical value for maximal glucose trans-
port (Tmgiucose) in each experiment was obtained by
averaging all values for glucose reabsorption after the
latter had reached a plateau. In general this did not oc-
cur until blood sugar levels exceeded 400 mg per 100 ml.
Some variation in the individual values for glucose reab-
sorption (Tgiucose) at blood sugar concentrations above
the level at which Tm occurred accounts for the fact
that T/Tm values fall above as well as below the line
of unity. Individual titration curves were drawn with
french curves, and each represents the line that best fits
the experimental points. Composite titration curves were
drawn according to the method of Smith and co-workers
(1). The amount of splay was quantitated by plotting the
titration curve on standard graph paper and cutting out
the “splay zone” accurately with scissors. (The splay
zone represents the area between the titration curve and
the theoretical curve of zero splay.) The cut sections of
paper were weighed on an analytic balance and expressed
in arbitrary “splay units.”

Results

In accordance with a convention previously es-
tablished the first set of studies in the animals
with either unilateral pyelonephritis or unilateral
partial infarction and a contralateral uninvolved
kidney are referred to as stage II (7).* The sub-
sequent studies, performed after removal of the
control kidney, are referred to as stage III.

A) Animals with wunilateral pyelonephritis.
Stage II experiments were completed in 16 ani-
mals. Nine of these survived and were restudied
in stage III, two being studied twice in stage III.
At autopsy, in both stage IT and stage III rats, the
experimental kidneys were contracted, the cap-
sules adherent, and there were multiple scars. On
microscopic examination, fibrosis was marked and
the scars tended to follow a radial distribution from
cortex to medulla. Round cell infiltrates with oc-
casional polymorphonuclear cells appeared in focal
areas of the medulla. Hyalinized glomeruli and

1 Studies performed in animals with two normal kid-
neys are designated as stage I. However, in the present
series of experiments, no studies were performed before
the induction of unilateral renal disease.
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Fic. 1. THE MEAN GLUCOSE TITRATION CURVES FOR THE
DISEASED AND CONTRALATERAL CONTROL KIDNEYS IN 16 ANI-
MALS WITH UNILATERAL PYELONEPHRITIS. T refers to
glucose reabsorption in milligrams per minute; load re-
fers to the filtered load of glucose (glomerular filtration
rate X plasma glucose concentration). Both terms are
factored by maximal transport (Tm) in order to allow
data from both kidneys from different rats to be plotted
on the same graph.

atrophic tubules were also present in focal areas.
Some involved areas were characterized by the
presence of colloid-like material within tubular lu-
mina providing a classical thyroid-like appearance.
Uninvolved segments of the renal parenchyma ap-
peared free of pathologic changes.

The stage II studies were performed from 6 to
12 weeks after induction of the lesions. Clinically
the rats appeared healthy. Glomerular filtration
rate was reduced appreciably in the diseased kid-
neys, varying from 10 to 43% of the concurrent
value of the contralateral control kidneys. In Fig-
ure 1, the mean titration curves are shown for the
diseased and contralateral control kidneys from
these animals. One curve is virtually superimpos-
able upon the other. Both leave the theoretical
line at a load/Tm value of about 0.8 and return to
the line at a load/Tm value between 1.10 and 1.20.
Only a minimal amount of splay is present, and the
magnitude of the splay differs little between the
normal and diseased kidneys. The mean value
for the splay zone was 15.5 U for the diseased
kidneys and 89 U for the control organs. Fre-
quency distribution curves, calculated from the
composite titration data, are shown in Figure 2.
The graphs for the diseased and contralateral con-
trol kidneys are very similar, both demonstrating
two peaks analogous to those described by Smith
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F16. 2. THE FREQUENCY DISTRIBUTION CURVES FOR THE
GLUCOSE TITRATION DATA FROM PYELONEPHRITIC AND CON-
TROL KIDNEYS FROM THE 16 ANIMALS SHOWN IN FIGURE 1.
tm/Tm represents the rate of glucose reabsorption in satu-
rated nephrons expressed as a fraction of the Tm values
for the whole kidney considered as a unit; thus this term
seérves as an index of the fraction of the total nephron
population. r/R is an expression for the ratio of glo-
merulotubular balance of groups of nephrons (r) to the
mean value for glomerulotubular balance of the whole
kidney as a unit (R). The frequency distribution curve
therefore depicts the relative frequency of nephron groups
with various levels of glomerulotubular balance related to
the mean value for the whole kidney.

and co-workers for normal man (1). Similar
curves were observed.in previous studies from this
laboratory on dogs with unilateral renal disease
4).
( At the time of the stage III studies, the animals
had lost weight, their coats were dull and lusterless,
and despite the reduction in nephrons, polydipsia
and polyuria were marked. Blood urea nitrogen
levels ranged from 60 to 100 mg per 100 ml, and
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Fi1c. 3. MEAN TITRATION CURVES FOR THE DISEASED
KIDNEYS FROM THE NINE ANIMALS STUDIED SEQUENTIALLY
1IN sTAGES II anp III.
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hematocrits varied from 25 to 35%. In Figure 3
titration curves are shown for the stage III stud-
ies and for the stage II studies on the diseased kid-
neys of the same animals. The transformation is
striking. The stage II curve is essentially the
same as that obtained for the full group of 16 ani-
mals (see Figure 1). On the other hand, the
stage III curve leaves the theoretical line at a load/
Tm value of 0.65 and returns to the line at a load/
Tm value of 1.60. For these nine kidneys, the
splay in stage II has a mean value of 124 U,
whereas the splay in stage III has a value of 60.4
U. The difference is highly significant (p <
0.001). A frequency distribution curve was cal-
culated from the composite stage I1II titration data,
and the plot is shown in Figure 4. The curve is
remarkably different from that obtained in stage
II. In the two animals in which stage III studies
were repeated 4 weeks after nephrectomy, the in-
crease in splay observed 2 weeks after nephrectomy
persisted. :

In Table I, the absolute values for Tmgycose and
GFR are shown for all stage II and III studies.
For the nine animals studied in stage I1I, the value
for Tmgucose increased by an average of 15.9%.
Glomerular filtration rate in the same animals in-
creased by an average of 45.9%. Thus the ratio
of GFR/Tmgucose Was greater in stage III than in
stage II. In two of the nine animals, absolute val-
ues for GFR and Tmgpyeose fell,?2 yet in both of
these animals (as well as the other seven), the ra-
tio of GFR/Tmgucose Was greater in stage III
than in stage II. ,

B) Animals with unilateral partial renal in-
farction. At autopsy the partially infarcted or-
gans typically appeared as small normal kidneys
with an appendage of calcified fibrous tissue at one
pole. Twelve animals were studied successively
in stages II and III, and the composite data are
presented in Table II. The splay in the stage II
studies was closely comparable in experimental and
control kidneys, and as in the animals with uni-
lateral pyelonephritis, one composite titration

2In one of these the right hind limb became necrotic
after the stage II study, and the animal amputated the
limb at the pelvis. In the other, a wound abscess devel-
oped in the abdominal incision; the animal lost weight
and appeared toxic, and the stage III study was performed
10 days rather than 14 days after the stage II study. In
both animals it was suspected that the renal disease had
progressed between the stage IT and IIT studies.
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TABLE II
Sequential measurements of GFR, Tmyiucose, GFR/Tmy, ratios, and splay units in unilateral partial infarction

Stage I1 '

Stage 111

Left kidney

Left kidney

Right kidney

% change

% change
°GFR

Tmg

Tmg GFR/Tmg Splay

Splay GFR

Tmg GFR/Tmg

Splay GFR

Tmg GFR/Tmg

GFR

Rat no.
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curve was essentially superimposable upon the
other (Figure 5). The mean value for splay units
was 21.2 for the experimental kidneys and 22.6 for
the contralateral control organs. In Figure 6,
the composite titration curve for the experi-
mental kidneys in stage III is compared to the
stage II curve for the same kidneys. The
increase in splay is entirely analogous to that ob-
served in the pyelonephritic animals. The splay
units rose from a mean value of 21.2 to 71.5. The
frequency distribution curve for the group showed
the same transformation in stage III as was ob-
served in the pyelonephritic animals depicted in
Figure 4. In the three animals in which a second
stage ITI study was performed, the splay decreased
slightly in one and increased further in two (see
Table II).

The absolute values for Tmgycose and GFR are
included in Table II for the experimental kidneys.
TmMgueose increased in 10 of the 12 animals; the
mean increase for the group was 28.6%. GFR
increased in 11 of the 12 animals, and the mean
increase was 69.8%. The GFR/Tmgcose ratio
increased in all 12 animals between stages II and
III.

Discussion

In the glucose titration studies on patients with
chronic pyelonephritis and chronic glomeruloneph-
ritis (5) two points of particular interest emerged.
The first was that there was little increase in splay
in the group of patients with filtration rates be-
tween 58 and 15 ml per minute; the second was
that there was a marked increase in the splay in
patients with filtration rates below 15 ml per min-
ute. In the former group the renal disease was
not so severe as in the latter; yet in patients with
GFR levels approaching 15 ml per minute (e.g.,
in the 15- to 25-ml-per-minute range), the renal
disease and the architectural changes thereof must
be classified as moderately to far advanced. The
absence of exaggerated splay in this group, there-
fore, suggested that anatomic deformation of the
renal parenchyma does not alone initiate splay in
the glucose titration curve. Thus, the change in
the titration curve at lower levels of GFR raised
the possibility that a critical reduction in nephron
population plays a key role in the genesis of the
splay phenomenon. The present studies were de-
signed to examine these questions prospectively in
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the experimental animal. The lack of abnormal
splay in the pyelonephritic kidneys in the stage
IT studies supports the view that anatomic altera-
tions per se do not evoke splay in the titration
curve. This conclusion also receives support
from the previous studies in the dog with severe
unilateral renal disease (4). On the other hand,
the possibility that a critical reduction in the num-
ber of functioning nephrons is important in the
genesis of splay is strengthened by the sequential
studies performed in stages II and III on the same
pyelonephritic kidneys. Furthermore, the emer-
gence of splay between stages II and III in the
animals with unilateral partial renal infarction and
no anatomic deformation among the functioning
nephrons would seem to establish unequivocally
a role of nephron loss in the transformation of the
glucose titration curve. In this context, the splay
in stage III is clearly greater in the rats with the
lowest filtration rates and presumably the smallest
residual nephron populations (Table II). This
is shown graphically in Figure 7, where the stage
IIT titration curves are plotted separately for
animals with stage II GFR above 0.5 ml per min-
ute and for those with GFR levels below 0.5 ml
per minute. The mean value for splay units in the
former group was 31.0 and in the latter group
112.0. 1In the three animals with GFR below
0.40 ml per minute (this is roughly equivalent to
a GFR of 15 ml per minute in an adult human
being) the average splay value was 161.2 U.

It thus would appear that when the total
nephron population is critically reduced, splay
evolves in the residual nephrons of the rat whether
disease is present or not. The mechanism of the
splay, however, still requires clarification. The
present studies make unlikely the possibility that
the splay can be attributed to a diffuse defect in
the maximal reabsorptive capacity for glucose ini-
tiated by some consequence of the uremic state,
for the average value of Tmygycose in the experi-
mental kidneys increased between stages II and
IIT in both pyelonephritic and partially infarcted
animals. It may be relevant that the ratio of GFR
to Tmguyeose increased in all animals including
those in which absolute values for GFR or Tmgycose
or both decreased. Thus glomerulotubular bal-
ance for glucose consistently changed in the di-
If adaptive
changes in filtration rate and glucose reabsorptive

rection of glomerular preponderance.
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capacity among the nephrons occurred in an asym-
metric fashion, the urine-forming nephrons could
be converted into a heterogeneous group, and the
splay then would truly reflect the emergence of
functional heterogeneity. Such asymmetric hy-
pertrophy might correspond to an asymmetric dis-
tribution of pathologic changes particularly of scar
tissue in the pyelonephritic kidneys. The data in
the animals with partially infarcted kidneys do not
exclude the possibility that splay in the pyelo-
nephritic kidneys relates to scar tissue, but they
make it less likely. It is possible, however, that
functional adaptations might alter the distribution
of glomerulotubular balance with respect to glucose
in the absence of pathologic changes. For ex-
ample, a disproportionate increase in blood flow
and filtration rate in juxtamedullary nephrons
could contribute to functional heterogeneity and
thus to splay in the titration curve. As alluded to
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earlier, it is conceivable that glomerulotubular
balance is different in the juxtamedullary neph-
rons than in the cortical units. The final possi-
bility is that the splay has a kinetic explanation
and does not necessarily connote a change in func-
tional homogeneity. There appears to be an in-
crease in GFR per nephron when the nephron
population is reduced (Tables I and II, reference

4), and there is characteristically a reduction in

fractional reabsorption of sodium and water in
advanced renal disease. In micropuncture stud-
ies in the rat with experimental pyelonephritis, the
disease is associated with a reduction in fractional
reabsorption in the proximal tubule (12). Both
the increase in GFR and the decrease in fractional
reabsorption would increase the volume of intra-
tubular fluid in the segments of the nephron re-
sponsible for glucose reabsorption; velocity of
flow may also be increased, and the kinetics of
glucose reabsorption could well be altered in a
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uniform fashion throughout the nephron population
in the absence of either heterogeneity or impair-
ment of maximal velocity of glucose transport.
Additional explanations for kinetic alterations have
been considered separately (5).
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