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Effect of peritubular infusion of angiotensin II on rat
proximal nephron function

KENNETH STEVEN

Institute of Medical Physiology A, University of Copenhagen, Denmark

Effect of peritubular infusion of angiotensin II on rat proximal
nephron function. The effect of infusing Ileu5-angiotensin II into
the peritubular capillaries on the rate of proximal fluid re-
absorption (RPFR) was studied using sodium pentobarbital-
anesthetized rats. In each rat fluid collections were made
alternately from different tubules associated with peritubular
infusion of either Ileu5-angiotensin II or isotonic saline solution.
Infusion rate was approximately 20 nI .mm ' throughout.
RPFR was derived from timed quantitative collections of
tubular fluid from the last superficial proximal segments. Each
fluid sample was collected at the free-flow pressure (FFP)
measured during peritubular infusion. FFP's measured prior
to infusion were similar in the two groups of tubules. FFP's
increased by 6.0cm of H20 with the infusion of 20 ng. m1' of
angiotensin II, by 1.1 cm of H20 with 0.1 ngml1 of angio-
tensin II and only by 0.3 cm of H20 with isotonic saline in-
fusion. Significant reductions in RPFR (L = —7.4 nl . mm i.gof
kidney wt') and TF/P inulin (=—0.79) were found in
tubules associated with 20 ng . m1' of angiotensin II infusate.
Nephon GFR was similar in the two groups of samples (/s =
0.7nl•min •g of kidney wt1). When the infusate was
0.1 ng .mI-j of angiotensin II, the values for RPFR and ne-
phron GFR were similar to those obtained from tubules associ-
ated with saline infusion. Tubular fluid samples were collected
alternately from different tubules with isotonic saline infusion
or without peritubular infusion. Nephron GFR and RPFR were
almost the same value in these two groups of samples. The
average hydrostatic presure in the first order peritubular capil-
laries was 23.3 cm of H20 with 20 ng.m11 of angiotensin 11
infusate; 17.1 cm of H20 with 0.1 ngml1 of angiotensin II
infusate; 17.0cm of H20 with saline infusate and 16.6cm of
H20 without peritubular infusion. The results indicate that the
presence of Ileu5-angiotensin II on the capillary side of a renal
tubule may cause a significant reduction in the rate of tubular
fluid reabsorption in the proximal convoluted tubule.

Effet de l'infusion péritubulaire d'angiotensine II sur Ia
fonction du tube proximal chez le rat. L'effet de l'infusion de
Ileu5-angiotensine II dans les capillaires péritubulaires sur Ic
RPFR (debit de reabsorption proximale a été étudié chez des
rats anesthésiés par Ic pentobarbital. Des collections ont Cté
faites, pour chaque rat, dans des tubules dont les capillaires ont
été infuses soit avec Ileu5-angiotensine II soit avec du solute
sale isotonique. Le debit d'infusion était approximativement
de 20 nl.min'. RPFR a été calculé a partir de collections
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minutées et quantitatives du fluide tubulaire dans La derniére anse
superficielle. Chaque échantillon tubulaire a été obtenu a Ia
FFP (pression en debit libre) mesurée au cours de l'infusion
péritubulaire. Les FFP mesurées avant l'infusion étaient
similaires dans les deux groupes de tubules. Les FFP ont
augmenté de 6,0cm H20 avec un infusat a 20 ng.m11 d'angio-
tensine II, de 1,1 cm H20 avec un perfusat a 0,1 ng.ml1
d'angiotensine II et seulement de 0,3 cm H50 au cours de I'm-
fusion de solute sale isotonique. Des diminutions significatives
de RPFR (z=—7,4nl.min1.gKW-') et de TF/P inuline
(t= —0,79) ont été observées dans les tubules avec une in-
fusion de 20 ng.ml1 d'angiotensine II. Le debit de filtration
glomerulaire du nephron était semblable dans les deux groupes
d'échantillons (=0,7 nl.min'.g KW'). Quand l'infusat
était a 0,1 ng.nV' en angiotensine II, les valeurs de RPFR et du
debit de filtration du néphron (NGFR) étaient semblables a
celles obtenues a partir de tubules correspondants A une in-
fusion de solute sale. Des échantillons tubulaires ont été
collectés alternativement A partir de tubules correspondants a
une infusion de solute sale ou sans infusion péritubulaire.
NGFR et RPFR ont practiquement les mêmes valeurs dans ces
deux groupes d'échantillons. La moyenne des pressions hydro-
statiques dans les capillaires péritubulaires du permier ordre
était de 23,3cms HO avec 2Ong.ml1 d'angiotensine II;
17,1 cms H20 avec 0,1 ng.ml'; 17,Ocms H20 avec un infusat
de solute sale et 16,6 cms H20 sans infusion péritubulaire. Ces
résultats indiquent que Ia presence d'Ileu5-angiotensine sur le
versant capillaire d'un tube renal peut determiner une diminu-
tion significative de Ia reabsorption tubulaire dans le tube
contourné proximal.

Intravenous administration of angiotensin II has
been shown to increase renal sodium excretion in both
the anesthetized and the unanesthetized rat [1—4]. This
effect is dependent on the dose of angiotensin II and
the animal's sodium content, since increases in either
factor enhance sodium excretion [1—4]. It is not related
to concomitant changes in arterial blood pressure,
renal blood flow, glomerular filtration rate (GFR) or
filtration fraction, suggesting that angiotensin II
administered i.v. has a direct influence on the rate of
tubular fluid reabsorption [5].

Micropuncture studies have been made on mactin-
anesthetized nondiuretic rats to evaluate the action of
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angiotensin II on tubular sodium reabsorption [3, 6].
In these studies the t value for disappearance of a
droplet of saline splitting an oil column within the
tubule was used as an estimate of the rate of tubular
fluid reabsorption (shrinking droplet technique).
Intratubular application of angiotensin II in doses up
to 2.5 g'ml' of isotonic saline had no effect on the
rate of tubular fluid reabsorption in either the proxi-
mal or the distal convoluted tubule [3, 6], Perfusing
the peritubular capillaries with a solution containing
2.5 g of angiotensin lI'ml' did not change the rate
of tubular fluid reabsorption in the proximal tubule,
but a pronounced inhibition was observed in the
distal tubule [3]. Similarly, the rate of tubular fluid
reabsorption in the proximal tubule was not influenced
by the i.v. administration of 0.18 g of angiotensin II.
kg of body wt'min' [6].

Contrasting results were obtained using amobarb-
ital-anesthetized rats in which the time for complete
collapse of the proximal tubular lumen after clamping
the renal artery (occlusion time) was used as a
measure of the rate of tubular fluid reabsorption [7].
In these experiments a marked inhibition of the rate of
tubular fluid reabsorption in the proximal tubule was
found after i.v. administration of 5 to 25 ng of angio-
tensin II.

Recent observations [8] indicate that the rate of
tubular fluid reabsorption in the rat proximal tubule is
inversely related to the dose of mactin used, whereas
normal doses of amobarbital for anesthetic purposes
do not influence measurably the rate of proximal fluid
reabsorption. Furthermore, the reproducibility of the
shrinking droplet technique has recently been brought
into question following duplicate measurements of the
reabsorptive t- within the same proximal tubular
segment [9].

To resolve these conflicting results, the present
study was made of the effect of infusing angiotensin II
into the peritubular capillaries on the rate of tubular
fluid reabsorption in the proximal tubule. The experi-
ments were made on sodium pentobarbital-anesthe-
tized rats, and the rate of fluid reabsorption in the
proximal tubule was derived from timed quantitative
collections of tubular fluid at the end of the proximal
convoluted tubule.

Methods

Experiments were made on male Wistar rats weigh-
ing 230 to 250 g. Preparation of the animals and
surgical procedures were as described previously [10].

Each rat received 2 ml of isotonic saline solution to
replace fluid losses during surgery followed by a
sustaining infusion administered by a Braun pump at

the rate of 1.5 ml'hr' until the preparation of the
kidney was complete. After this an infusion was given
at 1.2 ml'hr' of isotonic saline containing 65 Ci
m11 of inulin-'4C-carboxylicacid (Radiochemical
Center, Amersham, United Kingdom.) A comparison
was made using Sephadex G-25 [11] between the
homogeneity of the inulin-'4C-carboxylicacid admini-
stered i.v. and that collected simultaneously in the
ureteral urine. Only a single peak of activity was
found corresponding to a mol wt of approximately
5000. This confirmed that the mol wt of the admini-
stered inulin was homogeneous and demonstrated that
this inulin is not broken down to '4C compounds of
lower mol wt following i.v. administration.

One hour after preparation of the kidney, tubular
fluid collections were begun. Collections were made
with externally siliconized sharpened glass micro-
pipettes with an internal tip diameter of 7 to 8 t.
Immediately before use the micropipettes were
filled with Sudan Black-stained mineral oil (3.58
Poise at 37.7°C; British Petroleum Company Labora-
tory, Copenhagen).

The hydrostatic pressures in proximal tubules were
measured by the Landis technique employing the
Gauer manometer [10].

The same procedure was used to measure hydro-
static pressure in microvessels on the kidney surface,
Two modifications were employed: each micropipette
had an internal tip diameter of 3 to 4 , and was filled
with a solution of isotonic saline containing 0.50 mg•
ml1 of heparin and colored by the addition of one
part in ten of 5% (wt/vol) lissamine green (Chroma
Geselischaft, Germany) solution. The microvesseis
were categorized according to the method of Brenner,
Troy and Daugharty [12].

To infuse the peritubular capillaries the Deetjen
and Silbernagl pump [13] was used with sharpened
glass micropipettes having an internal tip diameter of
4 . Each pipette was filled with isotonic saline alone
or saline containing Ileu5-angiotensin 11 (Schwartz
Bioresearch, USA) which has been proposed to
represent circulating angiotensin II in the rat [14].
Two different solutions of Ileu5-angiotensin II were
used containing 0.1 and 20 ng'ml'. Each of these
solutions was colored by adding a few drops of
lissamine green solution to ito 3 ml of these solutions.
The angiotensin II solutions were freshly prepared
each day from i-to 1.5-mi aliquots of 0.01 mg'ml'
solutions of Ileu5-angiotensin II in isotonic saline,
maintained at —20°C in glass vials. The microper-
fusion pump had been operating for at least 15 mm
before puncture, and operated uninterrupted through-
out the remainder of each experiment. The pump was
calibrated in vitro by making a timed collection of a
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solution of '4C-inulin of known activity per unit
volume. With the pump rate set at 20 nl•min', the
perfusion rate was found to be 23.0±4.2 (SD) ni.
min', N=5.

In each experiment the first collection was randomly
associated with either infusion of isotonic saline or with
infusion of angiotensin II. Subsequent collections
were then made with alternate infusions. Collections
were also made without capillary infusions to test
whether saline infusion influenced any of the mea-
sured values.

The following procedure was used to obtain timed
quantitative collections of tubular fluid from the last
superficial segments of oil-blocked proximal tubules
at the free-flow hydrostatic pressure (the pressure
measured with the tubule unobstructed by an oil
block). A pressure-measuring pipette was inserted into
a proximal convolution in the vicinity of a vascular
star and the free-flow hydrostatic pressure determined.
The last superficial proximal segment of the same
proximal tubule was identified by injecting dye from
the pressure-measuring pipette. An infusion pipette
was then inserted into a first order capillary adjacent to
this segment with the pump rate set at 20 nlmin'.
The criterion for a satisfactory infusion was that the
adjacent five to ten tubular segments were surrounded
by lissamine green-colored capillaries. Infusion was
carried out for at least three minutes before the free-
flow pressure was determined again. An oil-filled
collection pipette was then inserted into the last
superficial segment of the same proximal tubule and a
long oil block injected. With the external manometer
set at the last measured free-flow pressure, a timed
quantitative collection of tubular fluid was made,
maintaining the column of lissamine green at the tip
of the pressure-measuring pipette. In all experiments
the pressure-measuring pipette was located at least
one convolution upstream from the collection site. The
mean infusion times were as follows: 1) 20 ng .ml-'
of angiotensin II, eight minutes (range, seven to ten),
and saline, seven minutes; 2) 0.1 ng ml-' of angio-
tensin II, seven minutes (range, seven to eight), and
saline, seven minutes; and 3) saline infusion alone,
seven minutes. The tubular fluid collection time (ap-
proximately 130 sec throughout) was recorded during
the latter part of peritubular infusion from the moment
an oil block was injected until the completion of fluid
sampling. The mean ratio of the oil block insertion
time to the tubular fluid collection time was 0.09
(range, 0.09 to 0.10) in all the different sample groups
[151.

To confirm the localization of the puncture site at
the end of the proximal convolution, 0.02 ml of an
aqueous 5% (wt/vol) unbuffered solution of lissamine

green was injected i.v. The time between an i.v.
administered lissamine green injection and subsequent
tubular fluid sampling was at least 20 mm [16].

A blood sample for measurement of '4C-inulin
activity was collected from the tail into heparinized
glass capillaries immediately after each tubular fluid
collection and at the midpoint of each urine collection
period. For rats receiving the same fluid infusions as
those given in the present study, the ratio of inulin
concentrations in tail blood and femoral artery blood
was found not to differ significantly from unity [10].

The volume of each tubular fluid sample was deter-
mined by injecting the sample into a polytef (Teflon)
cup containing a silicone oil and measuring the
diameter of the spherical droplet formed with a
calibrated eyepiece-micrometer [17]. This method has
recently been validated [10]. Subsequently, each sample
was transferred under mineral oil to a counting vial
containing 1 ml of distilled water to which 10 ml of
Instagel (Packard Instruments, II, U.S.A.) was added.
'4C-inulin activity was measured in a liquid scintilla-
tion spectrometer (Tri-Carb, Packard Instruments).
All samples had at least three times more counts per
minute than background. The coefficient of variation
for all counts was less than I .5%. '4C-inulin activity
in plasma and urine was similarly measured. Both
counts had a coefficient of variation of less than l%.
Plasma activity was corrected for a plasma water
content of 96% (vol/vol) [18].

At the end of the experiment, after allowing the
intrarenal blood to drain away, the kidney wt was
measured.

Nephron GFR was calculated from the tubular
fluid to plasma inulin ratio, TF/P inulin, and the vol-
ume of tubular fluid collected per minute, ', using the
following expression: Nephron GFR =TF/P inulin .V.

The absolute rate of tubular fluid reabsorption to the
site of puncture was calculated as follows: Nephron
GFR-'.

For statistical evaluation the two-tailed sign test
was used with a 5% level of significance [19].

Results

Infusion of 20 ng m1' of angiotensin II. Twenty
tubular fluid samples were obtained from nine rats, 11
from tubules associated with peritubular infusion of
angiotensin II and 9 with isotonic saline infusion.
Table 1 summarizes the effects of angiotensin II
infusion in the peritubular capillaries on several
measurements of superficial nephron function.

While nephron GFR was almost the same in the
two groups of samples, angiotensin II infusion con-
sistently resulted in an increase in the volume flow rate
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Table 1. Effect of ileu'-angiotensin 11(20 ng -ml-') on several measures of superficial nephron functiono

Experiment Free-flow Free-flow Nephron TFJP inulin RPFRe N'
No. ITP

cm of H,O
ITP°

cm of H,O
nl'min'.g
kid wt'

GFR
n1min'g
kidwt'

end proximal nl.mi,r'.g
kid wt1

I II I II
S A S A S A S A S A S A

1 15.4 15.4 15.6 21.5 19.2 24.1 50.6 46.7 2.62 1.93 31.4 22.6 1 1

2 15.4 15.6 15.6 22.0 18.8 25.1 49.3 49.6 2.60 1.97 30.4 24.4 1 1

3 15.4 15.6 15.8 21,8 19.1 31.2 47.3 45.1 2.47 1.44 28.7 13.9 1 1

4 15.4 15.4 15.8 21.6 16.4 26.5 50.2 49.9 3.05 1.84 33.8 22.4 1 1

5 15.4 15.4 15.8 21.6 16.8 25.8 46.6 50.4 2.76 1.95 29.7 24.6 1 1

6 15.4 15.6 15.8 21.6 23.2 28.6 67.9 64.8 2.91 2.26 44.6 36.1 1 1

7 15.4 15.4 15.6 21.7 17.8 30.2 48.6 58.0 2.73 1.90 30.8 27.5 1 2
8 15.6 15.5 15.8 21.8 14.8 20.0 45.6 46.9 3.08 2.33 30.8 26.9 1 2
9 15.4 15.6 15.8 21.8 20.3 26.3 50.9 52.2 2.50 1.98 30.6 25.9 1 1

Mean 15.4 15.5 15.7 21.7 18.5 26.4 50.8 51.5 2.74 1.95 32.3 24.9

Mean of paired
differences 0.1 (NS) 6.0 (S) 7.9 (S) 0.7 (NS) —0.79 (S) —7.4 (S)

S tubular fluid collections with saline infusion; A = tubular fluid collections with angiotensin infusion; NS= not significant;
S=significant, P< 0.05.
b Free-flow intratubular hydrostatic pressure in proximal tubules before peritubular infusion.

Free-flow pressure in proximal tubules with peritubular infusion = intratubular pressure during fluid collection.
d Volume flow rate of tubular fluid at the end of the proximal convoluted tubule.
0 Rate of tubular fluid reabsorption from the glomerulus to the site of puncture.

Number of tubular fluid samples collected and used to generate mean value.

of tubular fluid at the end of the proximal convolution.
This correlated with a significant decrease in the
TF/P inulin ratio at the end of the proximal convolu-
tion. Accordingly angiotensin II infusion consistently
resulted in a decrease in the absolute rate of tubular
fluid reabsorption in the proximal tubule, the mean
decrease being 23%.

The values (Table 1) show that the free-flow intra-
tubular hydrostatic pressures measured prior to
peritubular infusion were almost identical in the two
groups of proximal tubules. Peritubular infusion with
20 ng. ml-' of angiotensin II solution resulted in a
substantial and significant increase in the free-flow
pressure. Saline infusion caused a significant, but very
small, increase in this pressure.

With angiotensin II infusion the hydrostatic pres-
sures in the first order peritubular capillaries increased
by approximately the same amount as the intra-
tubular pressure (Table 2). Saline infusion caused only
a very small increase in microvascular pressure.

The mean values for arterial blood pressure and
whole kidney GFR, the first value in each pair being
for collections with angiotensin II infusion, the second
with saline infusion, were as follows: arterial blood
pressure, 118 and 118 mm Hg (range, 94 to 131 and 100
to 131, respectively); GFR, 1.37 and 1.51 ml-min'.
g of kidney wt' (range, 1.16 to 1.62 and 1.31 to 1.80,

respectively). Neither of the paired differences differed
significantly from zero.

Infusion of 0.10 ng 'm11 of angiotensin II. Twenty-
two tubular fluid samples were obtained from six rats,
12 from tubules with peritubular infusion of anglo-
tensin II and 10 associated with saline infusion (Table
3).

The volume flow rate of tubular fluid and TF/P
inulin values were almost the same at the end of the
proximal convoluted tubule in the two sample groups.
Hence, angiotensin II infusion did not result in a
significant change either in nephron GFR or in the
absolute rate of tubular fluid reabsorption in the

Table 2. Effect of ileu'-angiotensin II and saline infusion on hydro-
static pressure (cm H,O) in first-order peritubular capillaries

(five experiments)

Without
infusion

Saline
infusion

Angiotensin
11 infusion
2Ong.ml'

Angiotensin
II infusion
O.1ngml'

16.6 17.3 23.8 17.4
15.8 17.0 24.0 16.6
16.2 17.4 21.5 16.8
17.8 16.8 24.0 17.6
18.0 16.5 23.5
16.0 23.2
15.8

Mean 16.6cm H,O 17.0cm H,O 23.3cm H,O 17.1 cmH,O
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Table 3. Effect of ileu-angiotensin 11(0.1 ng . ml- i) on several measures of superficial nephron functions

Experiment Free-flow Free-flow " Nephron TF/P inulin RPFR° N1
No. ITPb

cm of H20
ITP1

cm of H20
nlmin1g
kid wt'

GFR
nlmin1.g

kid wt -1

end proximal nlmin1g
kid wt1

I II I II
S A S A S A S A S A S A

1 15.6 15.5 15.8 16.7 21.6 20.8 50.0 55.0 2.31 2.65 28.3 34.2 1 2
2 15.5 15.5 15.9 16.9 16.8 19.2 40.4 43.7 2.40 2.27 23.5 24.4 2 2
3 15.8 15.8 16.5 17.0 20.7 20.5 52.8 47.1 2.57 2.28 32.0 26.6 2 2
4 15.7 15.4 16.0 17.1 18.1 18.3 40.9 44.6 2.25 2.42 22.8 26.2 2 3
5 15.4 15.6 15.7 16.9 25.7 25.5 53.7 55.3 2.08 2.16 27.9 29.8 1 1

6 15.7 15.7 16.0 17.9 27.9 23.6 64.3 63.0 2.30 2.77 36.3 39.4 2 2
Mean 15.6 15.5 15.9 17.0 21.8 21.3 50.3 51.5 2.31 2.42 28.5 30.1

Mean of paired
differences —0.1 (NS) 1.10 (S) —0.5 (NS) 1.2 (NS) 0.11 (NS) 1.6 (NS)

S=tubular fluid collections with saline infusion; A= tubular fluid collections with angiotensin infusion; NS=not significant;
S= significant, P< 0.05.
b Free-flow intratubular hydrostatic pressure in proximal tubules before peritubular infusion.

Free-flow pressure in proximal tubules with peritubular infusion = intratubular pressure during fluid collection.
d Volume flow rate of tubular fluid at the end of the proximal convoluted tubule.

Rate of tubular fluid reabsorption from the glomerulus to the site of puncture.
Number of tubular fluid samples collected and used to generate mean value.

proximal convolution, although there was a small
increase in the rate of fluid reabsorption in five of the
six experiments.

The free-flow intratubular hydrostatic pressures
measured before peritubular infusion were similar in
the two groups of proximal tubules. Angiotensin II
infusion was associated with a small and consistent
increase in the free-flow pressure. Concurrently the
hydrostatic pressure in the peritubular capillaries
showed an increase of almost the same magnitude
(Table 2). Saline infusion again resulted in a very small
increase in the free-flow pressure.

The mean values of other indexes, the first value in
each pair being for collections associated with angio-
tensin II infusion, the second value with saline
infusion, were as follows: arterial blood pressure, 128
and 130 mm Hg (range, 120 to 136 and 123 and 139,
respectively); GFR, 1.34 and 1.38 ml min1g of
kidney wt' (range, 1.14 to 1.54 and 1.29 and 1.47,
respectively). Neither of the paired differences differed
significantly from zero.

Isotonic saline infusion. Twelve tubular fluid samples
were obtained from six rats, six from tubules without
infusion and six associated with peritubular infusion of
isotonic saline (Table 4).

The values of nephron GFR, the absolute rate of
tubular fluid reabsorption in the proximal convoluted
tubule and TF/P inulin at the end of the proximal
convolution were almost the same in the two sample

groups. This indicates that infusion of the peritubular
capillaries with saline at approximately 20 nl .mm -'
has no measurable influence on these indexes;
furthermore, there is negligible variation in the values
of these indexes for different superficial nephrons in
each rat.

The free-flow intratubular hydrostatic pressures
measured before infusion were similar in the two
groups of tubules, but saline infusion was associated
with very small increases in the free-flow pressures
(Table 4).

The mean values for arterial blood pressure and
whole kidney GFR, the first value in each pair being
for collections without infusion, the second with
saline infusion, were as follows: arterial blood pres-
sure, 125 and 126 mm Hg (range, 120 to 137 and 120 to
142, respectively); GFR, 1.39 and 1.44 mlmin'.
g of kidney wt' (range, 1.28 to 1.65 and 1.06 to 1.80,
respectively). Neither of the paired differences differed
significantly from zero.

Discussion

The rate of fluid reabsorption in the proximal
convoluted tubule decreased by approximately 20
with infusion of 20 ng.m1' of angiotensin II, while
no significant change was seen with 0.1 ng m1' of
angiotensin II.
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Table 4. Effect of saline infusion on several measures of superficial nephron functiona

Experiment Free-flow Free-flow Nephron TF/P inulin RPFRe N
No. ITP'

cm of H20
ITPC

cm of H20
nl'mi,r"g
kidwt'

GFR
nl'min"g

kid Wi-1

end proximal nl.mi,r'.g
kid wt1

I lE I II
S C S C S C S C S C SC

1 15.4 15.4 15.8 15.4 13.6 15.2 41.1 41.2 3.01 2.69 27.5 25.9 1 1

2 15.4 15.4 15.8 15.4 19.1 18.5 47.3 47.3 2.47 2.54 28.1 28.7 1 1

3 15.4 15.4 15.8 15.4 11.0 13.7 34.5 35.8 3.11 2.61 23.4 22.1 1 1

4 15.4 15.4 15.8 15.4 20.3 19.5 50.9 51.1 2.50 2.61 30.6 31.5 1 1

5 15.4 15.6 15.6 15.6 14.3 17.1 40.4 44.5 2.82 2.60 26.1 27.4 1 1

6 15.6 15.6 16.0 15.6 19.1 21.0 51.7 54.5 2.70 2.59 32.5 33.5 1 1

Mean 15.4 15.4 15.8 15.4 16.2 17.5 44.3 45.7 2.76 2,60 28.0 28.2

Mean of paired
differences —0.03 (NS) 0.4 (NS) —1.3 (NS) —1.4 (NS) 0.16 (NS) —0.2 (NS)

S = tubular fluid collections with saline infusion; C= tubular fluid collections without infusion; NS= not significant; S
significant, P< 0.05.
b Free-flow intratubular hydrostatic pressure in proximal tubules before peritubular infusion.

Free-flow pressure in proximal tubules with peritubular infusion=intratubular pressure during fluid collection.
d Volume flow rate of tubular fluid at the end of the proximal convoluted tubule.

Rate of tubular fluid reabsorption from the glomerulus to the site of puncture.
Number of tubular fluid samples collected and used to generate mean value.

Consecutive measurements of tubular fluid re-
absorptive rate in different nephrons of the same rat
were almost identical during peritubular capillary
saline infusion and without infusion. This indicates
that the rate of tubular fluid reabsorption is virtually
uninfluenced by saline infusion into peritubular blood
at the rate of 20 ni 'mm -'. Taken together with the
small variation found in reabsorptive rate from one
nephron to another in the same rat, this facilitates the
measurement of changes as large as 20% in the proxi-
mal fluid reabsorptive rate.

Since the concentration of angiotensin II in the
peritubular blood and the number of tubular segments
in contact with the infusate could not be measured in
the present experiments, it is not possible to quantify
the relationship between angiotensin II concentration
in peritubular capillary blood and the rate of tubular
fluid reabsorption in the proximal convolution. The
present method only permits measurement of the rate
of tubular fluid reabsorption along the entire length
of the proximal convolution. If only part of the proxi-
mal convoluted tubule comes in contact with the
infusate due to the small infusion rate (approximately
20 nl. mm '), then the measured decrease in the rate
of proximal fluid reabsorption would be an under-
estimate of the effect of angiotensin II on this rate.

in view of such possible sources of variation, the
decreases observed in the rate of fluid reabsorption in
the proximal convoluted tubule are unexpectedly
consistent and homogeneous.

The infusate was probably diluted by at least a
factor of four, so that the angiotensin II concentration
in the peritubular capillary blood was less than 5ng.
ml-', a concentration of the same order of magnitude
as that found in the arterial blood of the salt-depleted
rat [20]. Our results indicate that the administration
of a relatively high physiological concentration of an-
giotensin II in the peritubular capillaries of the rat
kidney can cause a considerable inhibition of the rate
of tubular fluid reabsorption in the proximal con-
voluted tubule.

Infusion of the peritubular capillaries with 20 ng
ml-' of angiotensin II elicited an increase of 6 cm of
H20 in the hydrostatic pressure in the proximal
tubule, while nephron GFR remained unchanged. At
the same time hydrostatic pressure in the first order
peritubular capillaries increased by approximately
6 cm of H20 so there was probably a similar con-
current increase in glomerular capillary pressure [211.
The cause of the peritubular capillary pressure rise
might have been an increase in postcapillary resistance
and possibly, to some extent, a direct effect on ca-
pillary diameter.

The results of this study agree with the observations
of Leyssac [7], but not with those of Lowitz, Stumpe
and Ochwadt and Horster et al [3, 6]. As already
mentioned, the opposing observations of Lowitz et al
and Horster et al [3, 6] may result from the use of the
shrinking droplet technique [9]; furthermore, these
results may be related to the high doses of angiotensin
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II employed. In the isolated perfused proximal tubule
of the rabbit kidney, 2.5 sg.ml' of angiotensin II
added to the bath had no influence on fluid absorption
rate [221. It is not possible to relate this in vitro
observation using a very high concentration of angio-
tensin II to the present investigation.

The mechanism of action of angiotensin II on
sodium transport in the proximal tubule remains
unknown. It is possible that the inhibitory effect of
angiotensin II on the transport is secondary to the
increase in peritubular capillary hydrostatic pressure
induced by angiotensin II infusion. Alternatively,
angiotensin II may have a direct or parahormonally
mediated inhibitory effect on active sodium transport.
An inhibitory effect in vitro of angiotensin II on fluid
transport by the gallbladder has been reported [23].
When angiotensin II was added to the serosal fluid in a
concentration of 20 ng. ml -1, the rate of fluid trans-
port decreased by approximately 20%. In more recent
experiments (Frederiksen 0, Leyssac PP: personal
communication), a similar decrease in the fluid trans-
fer was observed with only 5 ng.m1' of angiotensin
11 in the serosal fluid. This decrease in sodium transfer
was paralleled by a reduction in the unidirectional
sodium tracer flux from mucosa to serosa so that the
calculated sodium flux from serosa to mucosa was
unchanged. In addition, administration of anglo-
tensin II has been found to inhibit fluid transfer
across stripped colon sacs of adrenalectomized-
nephrectomized rats at serosa concentrations of 10—8
to 10 g.m1' [24, 25], indicating that angiotensin II
has a direct effect on epithelial cells.

Glomerulotubular balance, the near constant ratio
between GFR and the rate of fluid reabsorption in the
proximal convoluted tubule, may involve an intra-
renal feedback mechanism for compensatory adjust-
ments between glomerular and tubular functions. The
juxtaglomerular apparatus, which has vascular and
tubular constituents, may play a role in this mechanism
[26, 27], and the presence of renin in the juxtaglo-
merular apparatus provides for the possibility of a
humoral link between tubular and glomerular elements.
It has been shown that the amount of reabsorbable
sodium delivered to the distal tubule of a single
nephron regulates the renin activity of the nephron
[28], and it seems likely that the renin activity of the
juxtaglomerular apparatus controls the local forma-
tion rate of angiotensin II. As well as influencing the
rate of fluid reabsorption in the proximal tubule, this
potent vasoconstricter might control the hydro-
dynamic resistance of the efferent arteriole [29, 30].
Such a regulatory mechanism could serve both to
adjust glomerular and tubular functions and, by main-
taining a constant hydrostatic pressure in the proximal

tubule [26], to maintain a constant supply of sodium
to the distal tubule.
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