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The interpretation of the observations on the
clearances of inulin and diodrast, as measures of
rate of glomerular filtration and of renal plasma
flow, has been handicapped by lack of quantita-
tive criteria of changes in afferent and efferent
renal arteriolar resistance. Most of the quali-
tative criteria suffer because they do not take
account of simultaneous changes in blood pres-
sure, and because they over-simplify by ascribing
the effect either to the afferent or the efferent
arterioles alone. Where so many factors are
interrelated, as in the components determining
renal arteriolar resistance, mathematical rela-
tionships are necessary. We have previously
offered formulas for renal arteriolar resistance
(1, 2). They have here been applied to data on
renal function in dogs, and also in man, pub-
lished by Corcoran and Page et al. (3 to 7), whom
we wish to thank for their kindness in putting
at our disposal supplemental and unreported
observations.3 Weare also grateful to Mr. Julius
Stein for his painstaking aid in computation.

METHOD
The formulas for afferent and efferent renal arteriolar

resistance are respectively:

D PM Po' -40
- HD

(1 - 0.47F)(Po' -Po + 10)
HD

Pot 2.34S
1 - 0.0542S - F

1 Presented in part at the March, 1942, meeting of the
American Physiological Society.

2Now at the Department of Physiology, Yale Uni-
versity School of Medicine, New Haven.

'The supplemental data were the hematocrit values
which are here supplied in full in the form of 1/(1-hemato-
crit) H. All unreported cases are indicated as such in
the tables, where all the data for calculation are supplied.
We are assured by the authors that the technique and
conditions of the unreported cases were the same as those
already reported, with which they are included.

Here Pm is the mean of systolic and diastolic blood
pressure; Po is the osmotic pressure of the systemic blood
(F = 0), while Po' is the osmotic pressure of the blood
after a fraction, F, of the plasma has been filtered off in the
glomerulus. These pressures are measured in millimeters
of mercury. D is the diodrast clearance or effective renal
plasma flow in cc. per minute per individual, or per unit
surface area. No allowance is made for discrepancy be-
tween D and effective plasma flow. I is the inulin clear-
ance in the same units as D. F = IID. S is the concen-
tration of serum protein in grams per 100 cc. No correc-
tion for A : G ratios differing from our standard of 2.20
has been applied, but means for such adjustment are avail-
able where the ratios are known (2). His the reciprocal
of 1-hematocrit, expressed as a fraction of 1, and HD is
therefore effective renal blood flow. Since Corcoran and
Page in their animal experiments found the rate of renal
blood flow in the exteriorized kidney by the Fick principle,
analyzing arterial and renal venous blood directly for both
phenol red and inulin, we use the average of their plasma
flow values derived from these two substances for our D.
PG, glomerular intra-capillary pressure, is given by the
approximation, Po' + 20 (1).

The sum of arteriolar resistance is R = RA+ Rs. Being
resistances, each of these symbols is properly expressed in
terms of the units of the formulas: millimeters of mercury
per cc. individual's own blood per minute per individual,
or per unit surface area. In all cases, except those with
toxemia of pregnancy, the resistance is referred to the
individual's own blood as standard perfusing medium, so
that the resistance values for one individual are not quite
comparable with those of another.

In many of the experiments reported, there is more than
one control or experimental period. Strictly speaking, the
resistance of the afferent and efferent arterioles for each
observation should be calculated separately, and averaging
of the whole set of final resistances should be done. How-
ever, in a trial series, we studied this method as compared
to averaging the individual quantities from which a single
resistance is drawn and found no statistically significant
difference. Consequently, we have adopted this simpler
method of computation, except in a few instances where
wide variability within the periods to be averaged sug-
gested individual calculations. For the sake of complete-
ness, we restate the results of Corcoran and Page for blood
pressure, renal blood flow, and glomerular filtration rate;
the values for glomerular intra-capillary pressure and for
arteriolar resistance and its related quantities are original.
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The precision of measurement of renal arteriolar resist-
ance is touched on elsewhere (1,2). It is, of course, clear
that results drawn from a formula depend on the accuracy
of the data applied. The measurements of clearance are
subject to an error estimated at about 10 per cent. In
evaluating results, the quality and mass of the data must
be considered. Weshall not report conclusive changes in
numerical quantities, since here this does not seem war-
ranted. However, while it may be incorrect to say, for
example, that a 42 per cent increase in a particular quantity
was noted, it may be statistically legitimate to report in
such an instance simply that an increase occurred.

RESULTS

1. Effect of pitressin

Eight experiments were performed on un-
anesthetized dogs after the initial results of
pitressin had worn off (3). No consistent change
in glomerular intra-capillary pressure occurred,
nor do changes appear correlated to the degree
of blood pressure shift, which is mainly that of
slight, usually inconsequential, increase. Total
renal arteriolar resistance, while it changed con-
siderably, was not consistent in direction. There
is also no consistent change in the ratio of afferent
to efferent arteriolar resistance; half of the cases
showed an increase and the other half a decrease.
The suggestion that constriction of the efferent
arterioles occurs during periods of reduced renal
blood flow is not supported by the calculations.
No particular anatomical site of action or func-
tional effect of pitressin is revealed (Table I).

2. Effect of atropine after pitressin

While the addition of intravenous atropine to
pitressin, as previously reported (3), did not con-
sistently affect renal blood flow, blood pressure
was markedly elevated, and glomerular filtration
rate was increased. Despite the marked blood
pressure increase, glomerular capillary pressure
rose considerably in only 2 of the 5 cases, out
of a total of 7, in which an increase was recorded,
and in these 2 cases the blood pressure shift was
minor. Statistical analysis reveals that the in-
crease is not significant (23 per cent likelihood
of chance alone being responsible). In all cases,
total arteriolar resistance rose, with afferent
arteriolar constriction predominating in all but
1 case. In fact, the efferent arterioles dilated
in 4 of the 7 cases (Table I).

3. Effect of renin

Aside from the increase in blood pressure, and
fall in renal blood flow (3), renin consistently
increased renal arteriolar resistance but, while
the increase was predominantly afferent 6 times,
it was mainly efferent in origin 8 times. There
was a fairly consistent rise in glomerular intra-
capillary pressure, and an inconsistent tendency
to fall in glomerular filtration rate (Table II).

4. Effect of angiotonin in dogs

We are indebted to Corcoran and Page for
permitting the use of their published experiments
with angiotonin (4), and for supplying data
supplemental to these published reports. From
them have been selected those cases in which
calculation showed the glomerular intracapillary
pressure to be less than blood pressure. It is
possible that our formula for glomerular intra-
capillary pressure, which depends on the Adairs'
and Greaves' observations on osmotic pressure of
diluted serum (8), is incorrect at high degrees of
hemoconcentration. There are technical- diffi-
culties, too, in the measurement of renal blood
flow and inulin clearance during the rapid fluc-
tuations produced by angiotonin. For these
reasons, as well as the possibility that the for-
mulas may not apply at very high degrees of
vasoconstriction (2), the results for angiotonin
are subject to doubt. Their similarity to those
obtained with renin suggests, however, that they
are probably not too unreliable for a first esti-
mate of the effect on renal resistance of angio-
tonin, particularly in view of the current interest
in this drug and the, as yet, unsupported opinions
of its mode of activity.

Renal blood flow fell, blood pressure rose, and
renal resistance increased markedly during angio-
tonin infusion in the cases selected as noted.
The increased resistance cannot here be ascribed
primarily to afferent or efferent arteriolar con-
striction. On the whole, glomerular intra-cap-
illary pressure rose. Changes in glomerular
filtration rate were not consistent (Table III).

5. Effect of angiotonin in man

Figure 1 shows the previously reported results
of angiotonin infusion in a single human subject
(5). The calculations of total arteriolar resist-
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ANOIOTONIN I HUMANBEINCTS
ance, R, and the afferent-to-efferent arteriolar
ratio, RA/RE, are original. This case is of espe-
cial interest, partly because man is the subject,
partly because it illustrates the value of a quan-
titative estimate of renal arteriolar resistance.
Aside from the changes shown, which correspond
to those in the dog, there was moderate increase
in glomerular intra-capillary blood pressure.
The rise in filtration fraction (FF) with the
fall in blood flow (RBF) had been considered
"the characteristic result of constriction of the
glomerular efferent arterioles." It is seen, how-
ever, from RA/RE that afferent arteriolar re-
sistance increased proportionately more than
efferent arteriolar resistance (Figure 1).

6. Ratio of afferent to efferent arteriolar resistance
in human hypertension

The data in Table IV are calculated from those
reported in essential hypertension by Goldring

TABLE IV

Afferent-to-efferent arteriolar ratio in essential hypertension
Mean

blood pressure Afferent resistance
mm. Hg. Efferent resistance

124 ... 1.58
122... 1.46
158... 2.36
156... 3.67
152... 2.56
163... 2.76
129... 1.65
162... 2.88
139... 2.72
165... 3.06
160... 3.53
195.. 5.61
173... 2.46
122... 2.48
137... 2.58
155... 3.85
162... 2.66

Average 151 ... .. 2.82

Normal d1 100... 1.13
Normal 9 100. 1.05

et al. (9). They are drawn from the first 17
cases in their series, with mean blood pressure
greater than 120 mm. Hg, averaging the sets of
basal observations for each individual. In every
case, the afferent-to-efferent arteriolar ratio is

FIG. 1. EFFECT ON RENAL FUNCTION OF INTRAVENOUS
ANGIOTONIN IN MAN

Afferent arteriolar constriction exceeds efferent arteriolar
constriction as shown by the increase in their ratio (RAIRE).
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greater than the normal one for men or women

if the normal blood pressure is taken at 100 mm.

Hg. A predominance of afferent arteriolar con-

striction seems outstanding in essential hyper-
tension.

7. Renal function in late toxemia of pregnancy

Corcoran and Page (7) found that "decreased
filtration fraction, whatever the level of renal
blood flow, is frequently associated with a severe

course and with eclampsia." Table V comprises
this group with low filtration fraction where
measurements of diodrast clearance (cc. per 1.73
sq. m. per minute) were made. The serum

protein was subnormal and variable in these
cases so that a correction for the consequent
changes in blood viscosity has been made as

described elsewhere (2).
Aside from the fall in renal blood flow along

with decline in blood pressure, and the rise in
filtration fraction and serum protein during re-

covery, we are impressed with the apparently
high initial degree of afferent arteriolar constric-
tion. The afferent-to-efferent arteriolar ratio
declined in all cases except the one (No. 8) which
developed persistent hypertension (Table V).

DISCUSSION

It does not appear that the action of pitressin,
renin, or angiotonin can, at present, be con-

sidered confined either to afferent or efferent
arterioles. Conclusions based on dialectic rea-

soning are not adequate in deciding whether a

given change in renal function is due to change
predominantly in the afferent or efferent ar-

terioles. Where so many factors are involved
(blood pressure, blood flow, filtration fraction,
hematocrit, osmotic pressure, viscosity), such
reasoning can break down and a mathematical
method for revealing related manifestations be-
comes essential.

Perhaps the most outstanding application of
formulas for renal arteriolar resistance is to the
question of the relative importance of efferent
arteriolar constriction in human hypertension.
Since renal blood flow is only slightly reduced
while filtration fraction is slightly increased in
hypertension (9, 10), an examination of the
formula for Rs shows that slight increase in
efferent arteriolar resistance should be expected
in the hypertensive The blood pressure (PM)
does not even enter into the formula for RE, but
it appears so prominently in the one for RA, that

TABLE V

Latoxemia of pregnancy

Glomer- Relative Afferent Efferent Total
|

Days Glomerular Filtra- Blood ular Serum blood arteriolar arteriolar arteriolar Afferent resistance
mild or ante- filtration Blood flow tion pres- inr- po vis- hydraulic hydraulic hydraulic Efferent resisitancesevere or post- rate HD fraction sure capiary tei| costy resistanceereinistae resitance R.IRepartum IP -1ID Pm pressure S coit resstnc Resitnerstac R R

.p CC. per grams referred mm. Hg Per liter per 1.73
17sqae1S 73squre er,,,MM mm. Hg per to wter square meters per mixute
miuters er meters per Hg 100 c. as unity referred to water

1 S 20A 82 1050 12.5 155 44.2 5.8 3.28 26.3 3.93 30.2 6.71
6P 105 907 20.0 135 47.9 5.8 3.54 20.9 5.11 26.0 4.08

72P 92 675 23.0 120 72.6 7.8 4.24 9.57 9.64 19.2 0.99

4 S 18A 81 1065 12.1 145 35.6 4.3 3.82 22.0 2.88 24.9 7.64
SP 93 705 22.5 125 38.6 4.3 2.88 32.8 6.8 39.6 4.81

109P 130 850 23.8 108 82.2 8.3 4.13 1.65 9.34 11.0 0.176

6 S 3P 68 1075 10.5 130 45.3 6.1 3.53 17.1 3.51 20.6 4.85
16P 62 436 23.0 100 62.0 7.0 3.75 11.0 14.0 25.0 0.785
37P 79 595 22.0 98 61.0 7.0 3.80 75.2 -9.76 85.0 0.771

(2 mos. 114P 104 985 17.0 87 56.4 7.0 3.87 2.77 4.84 7.6 0.573
preg.)

8 M 6P 92 1105 14.3 160 45.0 5.8 4.50 24.6 3.66 28.3 6.72
16P 90 744 19.8 105 46.3 5.6 3.28 15.9 6.50 22.4 2.44

(HBP) 64P 98 765 22.0 128 45.2 5.3 3.29 25.0 6.33 31.3 3.95

12 S 3A 103 1048 15.8 125 49.5 6.3 3.50 15.2 4.32 19.5 3.51
12P 99 805 19.2 103 51.6 6.3 3.40 11.5 6.38 17.9 1.80

112P 119 776 24.9 101 68.1 7.3 3.90 4.28 8.68 13.0 0.493
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fractional changes in PMproduce proportionately
larger changes in RA, the afferent arteriolar re-
sistance.4 Therefore, in hypertension, we should
expect that RA/RR would be greater than normal
(about 1.1) with afferent arteriolar constriction
predominating. All the essential hypertensives
here reported had high RA/RE, and so did the
hypertensives who suffered from late toxemia of
pregnancy, even when we restrict ourselves to
the post-partum observations with normal rather
than low filtration fractions. Further confirma-
tion of this view of the importance of the afferent
arterioles during blood pressure change in main-
taining renal homeostasis is given by the data on
RA/RE in the fall of blood pressure found in
spinal anesthesia in man (1). There RA/RE
dropped with fall in blood pressure, indicating
that the afferent arterioles had dilated, with
decreasing pressure, more than the efferent ar-
terioles, in order to sustain glomerular intra-
capillary pressure. Another example of the close
connection between afferent arteriolar resistance
and blood pressure is the series with atropine
after pitressin. There, afferent constriction ac-
companied the rise in blood pressure which very
likely was uncomplicated by any direct atropine
effect on the kidney. Furthermore, in the anes-
thetized dog, it has been shown that kidney
blood flow varies much less than blood flow in
the hind limb when blood pressure is varied
reflexly over a wide range (11, 12).

These divergent causes of abnormal blood
pressure, with compensation by the afferent
arterioles so as to maintain some measure of
renal homeostasis, suggest that, if blood pressure
rise were prevented during the infusion of renin
and angiotonin, and if the purely physical effect
of the elevation in pressure (as opposed to its
pharmacological cause) in hypertension and
toxemia could be abolished, we might discover
a considerable measure of specificity in the site
of action of the drugs and the disease agents.

The low filtration fraction in the severer cases
of late toxemia of pregnancy is an interesting

4 Blood flow rate appears in the denominator of both RA
and R, which leaves their ratio unaffected. An increase in
filtration fraction wilL increase Po', which will by itself tend
to increase R, and decrease RA, but to a much lesser extent
than the opposing influence of the large increase in PA in
hypertension.

finding. An examination of all the data (7)
indicates that the cause is sometimes, in whole
or in part, increased renal blood flow and some-
times, in whole or in part, the cause is a reduced
rate of glomerular filtration. A low glomerular
intra-capillary pressure can explain these various
combinations of causes. In view of the high
blood pressure, it is clear (both theoretically,
from the formulas, and from R4R. in Table V)
that considerable afferent arteriolar constriction
would be required.

Other possible explanations must also be ex-
plored. While they are not mutually exclusive,
it is simpler to deal with them as though they
were, remembering meanwhile that combinations
are possible.

A simple explanation would be that inulin
clearance ceases to be a measure of filtration
rate in these toxemia cases (13, 14). If the glo-
merular membrane were affected (swelling?) so
that inulin did not diffuse through as completely
as water, its clearance would be less than the
glomerular clearance of water. True filtration
fraction would therefore be greater than our
recorded one. The argument for the identity of
inulin clearance and filtration rate rests, in part,
on the equality of the clearance rates of certain
hexitols with that of inulin (15). Wellen, Welsh,
and Taylor, Jr. (14) have compared the simul-
taneous clearance of inulin with that of mannitol
and sorbitol, of lower molecular weight, in 5 pre-
eclamptic subjects and found them identical.
Though diffusion of all the 3 sugars may be
equally retarded by the diseased glomeruli, as
compared to water, it does not seem especially
likely in view of their differing molecular weights.

Let us now consider the possibility that harm
to the glomerular membrane interferes with the
establishment of osmotic equilibrium between
glomerular filtrate and the blood leaving the
glomerular capillaries (13). This is the same as
saying that the diffusion of water through the
glomerular capillaries is not completed, so far
as osmotic equilibrium is concerned, before the
blood leaves Bowman's capsule. Our formula
assumes that such equilibrium exists. If it is
not achieved, glomerular intra-capillary pressure
is higher than we have supposed, and our afferent-
to-efferent ratio is larger than it should be. If
this possibility were in truth the case, we should
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expect a differential diffusion rate, not only be-
tween the slowed down water and the heavier
inulin, but between inulin and the lighter sugars,
which we have seen is not so.

While such an argument is not conclusive, it
is at least presumptive that inulin clearance is a
correct measure of filtration rate and that os-
motic equilibrium is achieved in the glomerulus
in toxemia of pregnancy.

Another workable hypothesis is that certain
glomeruli, among many fairly normal ones, were
completely impermeable to all the sugars, while
permitting smaller molecules and water to pass.
In this case, inulin clearance for the kidney as a
whole would be less than actual glomerular filtra-
tion rate. If the transition stage from free
passage of water plus all the sugars to water
alone were rapid, very few glomeruli would be
in the condition of differential filtration of sugars
when clearances are measured clinically, so that
the precision of measurement of clearance re-
quired to detect these few transitional glomeruli
would be unobtainable.

This last suggestion emphasizes the peculiar
significance of the formulas. They are not
measuring the resistance of any particular arteri-
ole. They are really measuring the resistance
of the arterioles supplying an ideal functional
nephron, which replaces the average of the
millions of nephrons of the kidney. Where
there is wide discrepancy between the function
of the many nephrons in the kidney, as in a
diseased state, the vagaries which may attend
the usual meaning of inulin and diodrast clear-
ances (13) are accentuated, and the broad inte-
grating effect of the formulas requires evaluation.

Corcoran and Page (7), in considering the
problem of the low filtration fraction in toxemia,
write: "The decrease of filtration of water from
plasma in these cases was due either to hemo-
dynamic intrarenal changes resulting in de-
creased intraglomerular pressure . . . or to in-
creased resistance of the filtering surface." They
conclude, however, that their first alternative is
untenable when renal blood flow is normal or
subnormal and that only efferent arteriolar dila-
tation, and not afferent arteriolar constriction,
is a possibility with increased renal flow. Con-
sequently, preferring a single explanation as the
more likely, and citing histological findings, and

not having the then unpublished evidence of the
equal clearance of the hexitols, they argue in
favor of a swelling of the glomerular membrane,
whereby the passage of filtrate is impeded.

Dill et al. (16) decide against the notion of
decreased glomerular membrane permeability,
perhaps because of the albumin in the urine of
the pre-eclamptic. It seems, however, quite
possible for a membrane to have reduced per-
meability except for rare holes through which
samples of all of the fluid, held back elsewhere,
would pour. A clogged filter paper with a single
pin-hole would be such an example.

As has been seen (Table V and also above),
we feel it is quite possible for hemodynamic
changes alone, exclusive of a pathological glo-
merular membrane, to explain the low filtration
fraction in toxemia of pregnancy. The various
ways in which the pathological glomerulus can
interfere with the methods used have been dis-
cussed. Of them, the most appealing is the one
which postulates some glomeruli, functional so
far as water is concerned, but impermeable to
all the hexitols. Can the idea of homeostasis as
applied to the kidney help in distinguishing the
most likely of the available alternatives?

In general, it appears that the kidney, like
other organs in the body, acts in accordance with
the principle of homeostasis. Its reaction to
change in blood pressure has already been dis-
cussed. Especially does glomerular filtration
rate tend to remain constant (17). Blood flow,
also, seems to be more constant than in other
organs (11, 12). When a system in stable equi-
librium is disturbed, a new equilibrium is reached,
near the first, in a direction such as to annul as
far as possible, but not completely, that dis-
turbance." This is really the biological analogue
of the principle of mobile equilibrium of Le
Chatelier (18). If the reduction in filtration
fraction in toxemia of pregnancy minimizes, so
far as renal homeostasis is concerned, the effects
of increased blood pressure or reduced serum
protein found in this disease, we should be more
inclined to discount a specific renal effect in
toxemia of pregnancy with low filtration fraction,
whether on the permeability of the glomerular
membrane or on the afferent arterioles. The

' For example, acid added to a buffered solution shifts
the hydrogen ion concentration slightly to the acid side.
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observations would be explicable as a secondary
renal response to physical changes in the blood-
its increased arterial pressure and decreased pro-
tein content.

If we first consider increased blood pressure
alone, we see from the formulas that, if the
arterioles stay fixed, blood flow will be con-

.siderably increased. Furthermore, glomerular
intra-capillary pressure will rise, which means
that filtration fraction must have risen, accord-
ing to the formula. Consequently, if homeo-
stasis is the principle controlling the kidney
during increase in blood pressure, we should
expect the arterioles of the kidney to change
their lumen so as to prevent a large increase in
filtration fraction, but a slight rise is to be antici-
pated. This is the opposite of what we actually
find in toxemia of pregnancy.

If serum protein falls while blood pressure and
the arterioles are fixed, blood osmotic pressure
falls so that a larger fraction of plasma than
usual will be filtered before osmotic equilibrium
is reached between glomerular filtrate and glo-
merular intra-capillary blood. That is to say,
the filtration fraction (F) will rise. Equilibrium,
then, if homeostasis is to occur in the face of
hypoproteinemia, should also entail an increased
filtration fraction.6

Thus, both the hypertension and the low blood
protein in severe toxemia of pregnancy should
lead to high rather than low filtration fraction,
unless there is a specific renal effect of the
toxemia. Since low rather than high filtration
fraction has been found, we consider that a
specific effect on the kidney is likely in toxemia
of pregnancy, but we are not able to resolve the
dilemma between a vascular cause-primarily
afferent arteriolar constriction-and impairment
of the glomerular membrane. It is not unlikely
that both effects exist together.7

SUMMARY

Formulas for renal afferent and efferent ar-
teriolar resistance have been applied to data in

6 The isolated kidney of the dog illustrates this, if it is
comparable to the human kidney (19).

7 The increase in renal blood flow in the severe cases may
well be, in part, a homeostatic mechanism to preserve
adequate glomerular filtration rate in the face of a sluggish
capillary filter.

the literature. It appears that dialectic reason-
ing concerning the predominance of afferent or
efferent arteriolar constriction frequently leads
to incorrect conclusions. Renal homeostasis and
the importance of the afferent arterioles in pro-
tecting the kidney from blood pressure changes
are discussed. The implications of the low fil-
tration fraction observed in late toxemia of
pregnancy are weighed.

CONCLUSIONS

1. Pitressin caused no consistent change in glo-
merular intra-capillary pressure, total effective
renal arteriolar resistance, or in the afferent-to-
efferent arteriolar resistance ratio in unanesthe-
tized dogs.

2. Atropine added to pitressin increased total
effective arteriolar renal resistance, with afferent
arteriolar constriction predominating, in unanes-
thetized dogs.

3. Renin infused into unanesthetized dogs
increased glomerular intra-capillary pressure and
total arteriolar resistance with neither afferent
nor efferent constriction predominating con-
sistently.

4. Angiotonin acted rather similarly to renin,
but conclusions concerning it are subject to some
doubt.

5. In one test on a human subject, angiotonin
caused constriction of both sets of arterioles with
afferent constriction predominating.

6. Afferent arteriolar constriction outweighed
efferent constriction more than is normal in all
of the 17 cases of essential hypertension studied.

7. It is likely that the resistance of the afferent
arterioles varies with blood pressure changes so
as to preserve renal function.

8. A specific renal effect is the probable cause
of the low filtration fraction seen in late severe
toxemia of pregnancy. There is inadequate evi-
dence to decide how much of this effect is
primarily constriction of the efferent arterioles
and how much, if any, is change in the permea-
bility of the glomerular membrane to water
and/or inulin and other sugars.
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