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No experiment has been performed to check directly 
whether the filtration rate of single juxtamedull.ary glo
meruli is controlled by mechanisms similar to those des
cribed for the superficial glomeruli. The reason for this 
is the difficulty to directly explore the deep nephrons. 
Nevertheless, indirect information can be obtained by 
comparing the GFR behaviour of both superficial and jux~ 
tamedullary nephrons in the face of changes in the kidney 
functional state. In this paper we shall examine the 
SNGFR intrarenal distribution under conditions where the 
whole kidney GFR remains unchanged and then where it is 
altered as compared to the normal non diuretic state. 

In this short review, only data obtained from expe
riments in which the SNGFR of both superficial and jux-
tamedullary nephrons were measured with the same tech
niques, will be reported. 

Since recent data have shown that anesthetics can de 
se the whole kidney GFR (8) and since all the data avai
lable have been obtained on anesthetized animals, it 
appeared necessary to begin this review by answering the 
question whether anesthesia by itself is or not able to 
induce SNGFR redistribution. 

EFFECTS OF ANESTHESIA 
It appears from table I that in the normal non diu

retic rat, anesthesia decreases the glomerular filtra
tion rate. This decrease however is proportionately the 
same for superficial and juxtamedullary nephrons (8). 
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Moreover, this table shows that the SNGFR intrarenal 
distribution under salt loading conditic-ns (14, l8) or 
haemorrhagic hypotension (l5) is similar in concious 
and anesthetized animals. Thus, it is probable that a-
nesthesia is not able to modify the SNGFR of one nephron 
category preferentially. 

INFLUENCE OF THE FUNCTIONAL STATE OF THE KIDNEY : 
l) In the case where the whole kidney GFR is not modified. 

Experimental evidence indicates that no major SNGFR 
redistribution occurred in most of the situations examined. 
This is the case in the rat after acute kidney denervation 
(5), experimental hypertensions (6) or spontaneous hyper
tension (22) (Fig. l). There is however still some appa
rent controversy about the influence of ADH (Table II). 
In rats with hereditary diabetes insipidus (BRATTLEBORO 
strain) DAVIS and SCHNERMANN (19) observed a significant 
SNGFR redistribution towards the juxtamedullary nephrons. 
Consistent with this observation are BAINE's recent fin
dings on small *-ats (2). On the contrary, JAMISON (24) 
reported data showing that ADH administration does not 
modify the GFR of single nephrons. However, the author 
mentionned that the scatter of the data was too large for 
any definite conclusion to be drawn. Among the factors 
able to induce such a SNGFR redistribution, DAMS and 
SCHNERMANN (19) proposed that the rise in the juxtamedul
lary GFR might be related in some way to the increase of 
medullary interstitial solute concentration following 
ADH administration. In support to their suggestion, the 
authors found in the rat (20) that the juxtamedullary 
over superficial SNGFR ratio varied as a direct function 
of medullary solute concentration (Table II). According 
to them, the increase in medullary sodium concentration 



3. 

would increase the vasa recta blood viscosity. This 
should lead to an increase in the juxtamedullary postglo
merular vascular resistance which, in turn, would be res
ponsible for the observed rise in juxtaglomerular filtra
tion pressure. The data obtained in non concentrating and 
in concentrating Psammomys (28, 32) showed no SNGFR chan
ge in both groups (Table II), which is not in agreement 
with such an interpretation. At any event, it is inte
resting to note that in the Rat and the Psammomys the u-
rinary concentrating mechanisms are quantitatively dif
ferent in many respects. Particularly, in the rat water 
abstraction contributes efficiently to concentrate the 
fluid which flows along the thin ascending limb (26) 
whereas in the Psammomys such a mechanism plays a very 
limited part (28, 32). Since the ascending limbs are im
permeable to water, in the rat the fluid delivered to the 
macula dcnsa will decrease as the medullary concentration 
gradient will rise, whereas in the Psammomys it will re
main relatively constant irrespective of the gradient. 
It is now considered for the superficial nephrons that 
a decrease in the tubular flow rate at the macula densa 
level can induce an increase in the GFR of the concerned 
nephron by a feedback mechanism. Thus, the discrepancy 
observed in the SNGFR redistribution as a function of the 
concentration gradient between the Rat and the Psammomys 
could be explained if we admit that a similar feedback 
mechanism controls the GFR of both superficial and jux
tamedullary nephrons, 

2) In the case where the whole kidney GFR is modified. 
When the renal perfusion pressure of the left kidney 

is reduced with an adjustable clamp placed between the 
two renal arteries, the SNGFR of both superficial and 
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juxtamedullary nephrons determined just after one minute 
of aortic clamping was decreased in parallel as a func
tion of the arterial pressure as it can be sceir from 
Fig. 2. Thus, in such an acute hypotension, no SNGFR re
distribution occured (6). No redistribution also was ob
served (Table III) under conditions where the whole kid
ney GFR was either reduced by 90 min aortic clamping (6) 
hemorrhagic hypotension (12) or hypothyroidism (4), or 
increased by unilateral nephrectomy (24). 

In the untouched kidney of rats with a chronic aor
tic interrenal clamping (clamp maintained during 3 to 
9 weeks, goldblatts rats) the superficial over juxtame
dullary SNGFR ratio tended to unity [Ô.98 t 0.04 SE, (7)J. 
In these rats the SNGFR was markedly higher than those 
measured on the right kidney of acute hypertensive rats 
(SNGFR determined after 90 min clamping only of the con
tralateral renal artery). Figure 3 illustrates the re
lationships observed between SNGFR and the length of pro
ximal tubules in rats submitted either to acute or to 
chronic aortic interrenal clamping. It can be seen in 
the former that the SNGFR was lower for the superficial 
nephrons than for the juxtamedullary nephrons, and in the 
latter, that the SNGFR of both superficial and juxtame
dullary nephrons increased and equalized. BONVALET et al 
(9) recently demonstrated that in the untouched kidney 
of Goldblatt rats the glomerular renin content of both 
superficial and juxtamedullary nephrons was considera
bly reduced. Moreover, the graded distribution of re
nin generally found through the depth of the cortex in 
the rat was suppressed in these kidneys. The authors there
fore postulated that the increase and the redistribution of 
the SNGFR in Goldblatt rats could be secondary to modificatio 
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of the intrarenal renin-angiotensin system. 

It is not still possible to have a definite opinion 
on the influence of acute and chronic extracellular fluid 
volume expansion with sodium chloride on the SNGFR dis
tribution. It seems that disagreements might stem from 
two main causes, namely species differences and technical 
artefacts. Let us consider first the data reported for 
the rat. Most of them were obtained with ferrocyanide 
techniques (l7, 23, 2°)» Acute or chronic expansion was 
generally followed by an increase in GFR of the superfi
cial as well as the juxtamedullary nephrons. It was ob
served however that in some experiments the SNGFR increa
sed in parallel in the two nephron categories, whereas in 
others it increased proportionately more for the super
ficial than for the juxtamedullary nephrons. Examination 
of Table IV suggests that author's conclurions could de
pend on the administration mode of radioactive ferrocya
nide. In most instances, redistribution was indicated 
when labelled ferrocyanide had been injected as a pulse 
(l, 3, 29) as with HANSSEN's original technique (23) but 
net when it had been infused (5, 13* l6, 26), We have no 
formal explanation which would permit us to decide which 
one of the two methods of administering the ferrocyanide 
introduced an experimental bias. The proportional increa
se in SNGM for both nephron categories could not result 
from a relative inhibition of the increment of the su
perficial nephron GFR due to the presence of ferrocyani
de at the macula densa level since l) unlabelled ferro
cyanide infusion failed to prevent the redistribution 
indicated by HANSSEN's technique [Table V, (13)3 
2) COEHLO's experiments (l6) indicated also no redistri-
tmtion despite the fact that the technique hs used (17) 



6. 

does not allow the ferrocyanide ions to reach the distal 
tubule. We consider therefore marc likely that the bias 
resulted from the method used to administer the labelled 
ferrocyanide (13)» The use of ferrocyanide for comparing 
SNGFR is based on the assumption that at the branching 
of each afferent artery on the interlobular arteries, 
the ratio of the amount of ferrocyanide entering the af
ferent artery over the afferent plasma flow is the same 
for all categories of nephrons. In the ferrocya.iide infu
sion techniques there is no reason for this ratio to be 
different from one category of nephron to another. In 
contrast this might not be the case in HANSSEN's techni
que. It is very probable that the REYNOLD'S number is 
relatively low in the interlobular arteries because of 
the small diameter of the vessels, so that the plasma 
is subjected to an important streamline flow. Under 
such conditions, there would be in the vessel a trans
versal velocity gradient (33) for all the present mole
cules, the velocity of each molecule of either water or 
ferrocyanide being greater at the center of the inter
lobular arteries than near the walls. It is well known 
that the superficial glomeruli are preferentially sup
plied by the blood flowing at the center of the inter
lobular arteries. It is therefore possible that as a 
result, when the ferrocyanide is injected as a pulse the 
ratio of the amount of labelled ferrocyanide entering the 
afferent artery over the afferent plasma flow is greater 
for superficial than for juxtamedullary nephrons. Thus ap
parent SNGFR redistribution could be preferentially ob
served with HANSSEN's technique in the rat when stream
line flow effect is strengthened, that is when the blood 
viscosity is decreased as during extracellular fluid 
volume expansion. 

Extracellular fluid volume expansion induces no 
SNGFR redistribution in the Psammomys (31* 32) whereas 
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in the dog the findings seems to indicate that acute 
expansion produces a slight GFR redistribution towards 
the superficial nephrons whereas chronic expansion has 
no effect £10, 11, 21 (Table Yljj-

CONCLUSION 

The superficial over juxtamedullary SNGFR 
ratio appears to be relatively stable and indépendant 
of physiological conditions. Nevertheless, in cases 
which indicate changes in the SNGFR intrarenal distri
bution, these changes remain always of limited magnitu
de. Thus it seems possible to conclude, in the basis of 
these indirect evidence, that the SNGFR is controlled 
by factors that act, at least qualitatively^ in the same 
manner in the whole nephron population. 
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LEGEND OF FIGURES 

Fig. 1. - Superficial over juxtamedullary SNGFR ratio 
plotted as a function of the femoral artery 
pressure. Note that no SNGFR redistribution 
is observed in all of the experimental con
ditions. Each point represents a mean value 
obtained.from one kidney. 

Fig. 2. - Effects of changes in arterial pressure on 
SNGFR. 
Abscissa : femoral artery pressure ; ordi
nate : mean SNGFR values for superficial 
(left) and juxtamedullary (right) nephrons 
of each rat. From BONVALET et al (6). 

Fig. 3« - SNGFR plotted against the len̂ hjt) of proximal 
tubule in one rat with a 90 minutes inter
renal aortic constriction (left) and one rat 
wi'th a chronic interrenal aortic constriction 
(right). 



LEGEND OF TABLES 

Effects of anesthesia on the SNGFR intrarenal 
distribution in the rat. 
S : SNGFR of superficial nephrons ; JM : SNGFR 
of juxtamedullary nephrons. Means standard 
error. 

Effects of ADH administration or loop fluid 
concentration on the SNGFR intrarenal distri
bution. 

SNGFR intrarenal distribution in the rat under 
conditions where the whole kidney GFR is modified 
as compared to control animaJ . 
S : SNGFR of superficial nephrons j JM : SNGFR of 
juxtamedullary nephrons. Means _ standard error. 

Effects of acute and chronic extracellular fluid 
volume expansion with sodium chloride on the 
SNGFR intrarenal distribution in the rat. 
S/JM : superficial over juxtamedullary SNGFR ratio. 

Failure to prevent in volume expanded rats the 
SNGFR redistribution indication obtained with 
HANSSEN's technique by i, v. infusion of ferro-
cyanide solution before injecting the labelled 
ferrocyanide pulse. 
S/JM : superficial over juxtamedullary SNGFR ratio. 
Means * standard deviation. 

Effects of acute and chronic extracellular fluid 
volume expansion with sodium chloride on the SNGFR 
intrarenal distribution in the Psammomys and the 
Dog. 
S/JM J superficial over juxtamedullary SNGFR ratio. 
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Effects of ADH administration, or loop fluid concentration. 
on the SNGFR intrarenal distr-jutiott 

(superficial aer deep SNGFR ratio) 

SPECIES 
without AOH 

(chronic ) 
with AOH authors' conclusions 

Rat (adult) 0.82 0.58 Redistribution 
Davis et al (19 ) 

Rat (small) 0 88 0.80 Redistribution 
Baines (2 ) 

Rat (young) 055 0.80 No redistribution 
Jamison (25) 

Non concentrating 
kidney 

Concentrating 
kidney 

Rat 0.79 0.58 Redistribution 
Davis et al ( 20 ) 

Psammomys 0.28 0.26 No redistribution 
Rouftignac et al 

(28 ,32 ) 
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SNGFR >ntrarenal distribution in the rat under conditions where 
whole kidney 6FRis altered as compared to control animals. 

Experimental 
conditions 

S 
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JM 
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S/JM Authors' conclusions 
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(90min.) 

21.6 26.6 .81 No redistribution 
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hypotension 
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.75 No redistribution 
Carrière et al (12) 

Hypothyroidism — -.80 No redistribution 
Bradley et al U ) 

Unilateral 
nephrectomy 

54.9 
U.7 

66.1 
Î5.7 

.83 No redistribution 
Imbert et al (24) 
* 
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Failure to prevent in volume expanded rats the SNGFR redistribution 
indication obtained with Hanssen's technique by I.V. infusion of a 
ferrocyanide solution before injecting the labelled ferrocyanide pulse 

Experimental 
Conditions 

Chronic • acute 

C ferrocyanide 
infusion technique 
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Effects of acute and chronic extra-cellular fluid volume expansion with 
sodium chloride on the SNCFR intrarenal distribution in the 

Psamrr.omys and the Dog 

Species Experimental 
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Authors' conclusions 

PSAMMOMYS 
chronic 
«acute infusion .41 U 

No redistribution 
ROUFFIGNAC et all31.32) 

DOG acute pulse .80 83 No redistribution 
CARRIERE et al (11) 

acute infusion .84 1.15 Redistribution 
BRUNS (10) 

chronic infusion .71 .69 No redistribution 
DAVIS et at (211 

chronic 
«acute 

infusion .71 .77 Redistribution 
DAVIS Hal (21) 


