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INTRODUCTION 

Evidence has been accumulated from micropuncture 
studies that proximal P; reabsorption is mediated at least 
in part by parathormone (PTH), and it is now generally admitted 
that this hormone inhibits Pj reabsorption ( 2, 8, II ) 
via an intracellular cAMP production. However as far as the P. 
handling in the distal tubule is concerned conflicting conclu
sions are reported in the literature since some investigators 
have founds significant pj reabsorption at this level ( 3 > 

15, ) and others failed to demonstrate such a reabsorption 
( 6, 18.)v 

The purpose of the present experiments was to 
investigate ttte tubular permeability to pho-phate of the 
different segments of the rat nephron and the influence of 
parathyroid hormone on such a permeability.-Tracer micro-

32 3 injections of P and H inulin have been performed in control, 
acutely thyvoparathyroidectomized (TPTX) and TPTX+PTH animals — _..„......_. .. — ..... 32 • undergoing saline diuresis. In order to estimate the ? 
reabsorption capacity of the proximal convoluted tubule,(PCT), 
the loop of Henle, and the terminal part of the nephron, 
•icroinjections were performed in early proximal, late proximal 
and early distal tubules respectively. 
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METHODS 

Experiments were carried out on female Wistar rats 
weighting 199.8-4.6 g. Animals were fasted 18 hours prior to 
the surgical procedure. Anesthesia was induced by i.p. injection 
of sodium pentobarbital (Nembutal 5 mg/100 g). After tracheo
tomy, the jugular vein and femoral artery were cannulated for 
intravenous infusion, blood pressure recording (Telco pressure 
transducer) and blood sampling. The left kidney was exposed 
for microinjection as previously described C 9, ) and the 
corresponding ureter was cannulated. Saline diuresis was 
induced by I.V. infusion of 2Z NaCl at 0.1 ml/min. In TPTZ 
and in.TPTX .• _PTH animals, _the_thyroparathyroid glands were 
removed by surgery. Infusion with parathyroid hormone (PTR 
synthetic 1-34, tetratriacontapeptide Beckaann) consisted of 
a priming dose of 1.5 U followed by an infusion of 0.015 U/min. 
Injected droplets were prepared with an isotonic saline 

32 solution containing 3mM/L of P sodiun phosphate. Tritiated 
inulin was addled with traces of lissanine green, The volume 
of injectate was 4*5 nl and the.phosphate concentration 
varied from 0.7 to 1.7 mM/1, The duration of injection ranged 
from 30 to 150 secondes. Microinjections were performed in 
early proximal, late proximal and early distal tubule selected 
in criteria previously reported ( 12, )• Urine from expe
rimental kidney was serially collected directly into plastic 
scintillator vials containing 10 ml of modified Bray's 
solution ( 5 , ) . Following each injection ureteral urine 
and arterial blood samples were collected. Calcium and magnesium 
in plasma and urine were measured by atomic absorption (IL 353) 
and phosphate was measured by the colorimetric method of Chen 
et al (7 bis). The amount of injected radioactivity was asse
ssed by counting the radioactivity contained in a droplet of 
the ablution to be injected ; in order to be counted under the 
same conditions as urinary samples, such a droplet was put 
into a volume of urine equivalent to that collected during 
on* minute. Backgrounds in urinary samples were calculated 
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from the activity of the urinary «amples collected just 

32 3 before each microinjection. The P and H radioactivity 
T 

was measured by liquid scintillation counting (tri, Carb 
Packard). The GFR was determined at the etd of the micro
injection period, on several animals of each experimental 
series : tritiated inulin was added to the perfusion 
solution and three 5 min. clearance periods were performed. 



s RESULTS 

Plasma and urinary data 
Total plasma Mg, Ca and Pi concentrations in i-he 

three types of experiments are reported in table 1.. In control 
animal", salt loading induced a decrease in plasma Mg and Pi 
and an increase in calcium concentrations. After TPTX, both 
Ca and Mg concentrations were reduced whereas no significant 
change was noted in the plasna phosphate. The changes observed 
following PTH infusion» were similar to those observed in the 
control group, however the phosphatc*ia decrease was more 
pronounced.As demonstrated in table 2, important differences 
in fractional excretion of Pi were observed between the three 
experimental series. The GPR was similar in control and TPTX • 
PJH_jnimals._b.ut_was__significantljr increased in TPTX group. 

Tubular microinjections 
Neither the site of injection nor the type of 

3 experiment had any influence on the H inulin urinary recovery 
which was similar to the amount injected (tables 3, 4 t 5). 3 2roxioal_iniecii2Dfi : An example of excretory pattern for H. 

32 
inulin and P phosphate is given in fig.lt This figure illus
trates that the two isotopes appeared in the urine and reached 
their maximum excretion concomitantly in the three experi-

'32 mental groups. The comparison between P urinary recovery 
after early proximal injection, in each group are reported 
in table 3. À significant drop of P recovery was observed " 
in TPTX group as compared to the control rats. When PTH w«s 

32 added the P recoveries increased to levels close to those 
obtained from the control animals, After late microinjection, , 

32 * 
•n increase in P excretion was observed in the three expe-32 rimental groups. However, difference between P recovery in 
control and TPTX groups was less marked for late than for 
early proximal microinjections.(table 4). 
Jpj«_tjJ.̂ Jnĵ _c_tJl_on_s : (table 5) It was important to check that 
the amount of total phosphate injected was added in "tracer 
dose", to the fluid at the early distal tubulelevel . that is 
in amount which does not increase in significant proportion 
the normal free flow delivery rate of phosphate to the segment 
located downstream /the injection site s phosphate micrcinjes-

from 
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tions were performed at a rate ranging from 0.1 to 17 p 
•oles/min. In each of the three series, no significant 
correlation was found between the injection rate and the 
32 

P recovery (fig.2). This observation formally indicates 
that the microinjections were performed under the appropriate 
conditions. 32 In the control group P recovery was high but 
significantly different from 100Z, demonstrating a;Pi 
reabsorption along the distal part of the nephron, In T?TX 

32 group P recovery was significantly higher than in control 
32 rats while in TPTX + PTH animals the P excretion was near 

that obtained in the control group. 

I 
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DISCUSSION 

Since the excretion of P, phosphate was not 
3 delayed as compared to that of H inulin it seems likely 

that there is no important plasma to lumen unidirectional Pi 
flux whatever the injection site and the experimental condition 
(fig.l). Such an absence of bidirectional Pi fluxes is in 
agreement with microperfusion data obtained for non diuretic 
rats ( |4 ) . The results reported in the present 
study confirm that the renal phosphate reabsorption is under 
PTH control. In order to make the discussion easier to follow, 

« 3 ? 
we have calculated in each condition the unidirectional P 
.fluxes which take place rlong the différents nephron segments 
studied. The corresponding values are reported in table 6. 
Control animals. The early proximal injections were performed 
in tubules having 5 to 6 loops visible at the kidney surface. 
Along this part of the proximal convoluted tubule about 13Z 

32 of the injected - P was reabsorbed.This capacity of Pi 
reabsorption is in accordance with the literature ' (6, 
8, !0, 15," ). The difference in radiophosphate urinary 
recoveries after late proximal and early distal microinjections 

32 
are' not significant: «thus if any unidirectional P flux of 
reabsorption takes place along the loop of Renie, it must be 
of very limited magnitude*.. Such an observation has been previ-
ously reported from our laboratory on the basis of micropunc-

- ture study in the salt-loaded rat*( 16 ) as well as by .. .. 32 Amiel et al.on non diuretic rats( 3 ) . Significant P 
reabsorption was observed in the distal part of the nephron. 

In previous papers Kuntziger et al. (JO, 11» ) 
have reported distal phosphate, reabsorption in both non diureti 
and salt loaded rats* However conflicting results were reported 
later by Staum et al ( 18 ) and Brunette et al ( 6 ), 
by microinjection experiments, these authors failed to demons-* 
trate.any Pi reabsorption in the terminal nephron. But in their 
experiments radioactive phosphate was not injected as tracer 
doses and this could explained the dicrepancy between their 
results and ours. 
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TPTX and TPTX • PTH animals : 

In accordance with most of the literature data 
( I, 6, 8, 13 ) our results indicate that TPTX enhances 
while PTH decreases phosphate reabsorption in proximal tubule. 
As far as the PTH effect on phosphate movements in the loop 
of Henle is concerned, present experiments show that in TPTX 
animal pi reabsorption is increased. However, this studv does 
not allow to precise the site of the loop where Lite transport 
of Pi is enhanced. If we assume however that the handling of 
phosphate along the pars recta (P3) is similar to that in PCT 
it is therefore possible that the increase in unidirectional 
P flux in the loop of Henle is accounted for by an increase 

in the capacity of Pi reabsorption by the PR. This reabsorption 
of phosphate observed in TPTX group is decreased when PTH is 
infused to the animals. Kuntziger et al. have shown, in acute 
PTX rats, the existence of a net Pi reahsorption along the 
loop of Henle, which was decreased after cyrlie AMP systemic 
infusion ( I' ). Other investigators have demonstrated 
that in PCT the action of PTH on Pi reabsorption was mediated 
by cAMP ( 2 ). On the basis of these observations, it 
seems probable that PTH inhibits Pi reabsorption in the loop 
of Henle via a cAMP stimulation and that this inhibition takes 
place along the pars recta. This conclusion is supported by the 
Chabardës et al's observations ( 7 ) which reported the 
existence of a PTH sensitive adenyl cyclase in this structure. 

The effect of PTH on the distal handling of phosphate 
32 is shown by the P unidirectional flux significant decrease 

in the TPTX animals compared O the TPTX • PTH animals. It can 
be conicluded that PTH stimulates Pi reabsorption in the distal 
segments of the nephron. Such a conclusion is conflicting 
with Amiel et al's opinion ( 3 ). These authors have 
observed that the fractional distal reabsorption expressed 
as a function of phosphate delivery to the distal tubule is 
significantly greater in acute PTX (82 Z)than in normal rats 
(35.2%). However calculated in terms of absolute values, the 
reabsorntion of Pi is more than 1.5 times lower in PTX than in 
normal animals.lt is therefore difficult to conclude define 
tively from these latter ' experiments that FTH exerts an 

http://animals.lt


- 7 

of PTH on the distal part of the nephron could be restricted 
to the distal convolution alone since it has been recently 
demonstrated that this segment possesses a PTH sensitive adenyl 
cyclase activity whereas both cortical and nedullary collecting 
tubule was exempted of such an activity ( 7 ). 
Regardless, if we accept that PTH stimulates Pi reabsorption 
along the distal tubule, it appears therefore that the hormone 
can exert a dual action on the nephron.' 

On the other hand, it is interesting to note that 
32 when PTH was perfused in our TPTX rats, the amount of P 

reabsorbed never reached the value obtained in control animals. 
Thus PTH could not compensate completely the effect of TPTX. Two 
reasons could account for this observation : 1). The absence of 
circulating calcitonin in TPTX animals since it seems possible 
that this hormone inhibits Pi reabsorption in proximal tubule 
( 17 ) and/or 2 ).a plasma calcium concentration 
higher in PfH infused TPTX than in control animals. Indeed it 
has been recently demonstrated that calcium can directly 
inhibit the renal action of PTH, both in vivo and in vitro, by 
a direct action on adenyl cyclase activity ( 4 )• 
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LEGENDS OF TABLES AND FIGURES 

Table 1. Plasma data in the three experinental groups. Values 
are means - S.E.M. The number of determinations appears 
in brackets. 

Table 2. Clearance data in the three experimental groups. The 
excreted fraction waa calculated by dividing P. 
clearance by the corresponding 6.F.R. Values are means 
Î.S.E.M. The nuvler of determinations appears in 
brackets. 

Table 3. Microinjections in early proximal tubules. The 
injections were performed in tubules having 5 to 6 
loops at the kidney surface. The total excretions of 
32 3 

P and H inulin are expressed as percentage of the 
amounts injected. Values are means -.S.E.M. 

Table 4. Microinjections in late proximal tubules* The total 
32 3 excretions of P and H iuulin are expressed as 

percentage of the amounts injected. Values are means 
•»• S• E «M. 

Table 5. Microinjections in early distal tubules. The total 
— — — — ^ — 32 3 

excretions of P and H inulin are expressed as 
percentage of the amounts injected. Values are means 
if B « E «M. 32 Table 6. Calculated unidirectional P fluxes (percent of 
delivered load). For each group, the difference 

32 between P recovery after late proximal and early 
32 proximal injection gives the P reabsorption in P.C.T.; 

32 
P reabsorption in the loop is obtained by difference 32 between P recovery after early distal and late 

proximal injections. 

Figure 1. U B S S S {cumulative curve* of percentage excretion of 
3 32 
E inulin (filled circles) and P sodium phosphate 
(op^n circles) after microinjection Into an early 
proximal tubule. g-figil' fractionated collections of 
3 32 
H inulin (open hairs)and • sodium phosphate 

. (hatched bars.). V > urinary flow rate. 



32, 
F { e u r c 2. Lack of correlation between " f recovery after 
-^ T . n y d i . t a l tubule in jec t ion and phosphate e j e c t i o n 

rate . Hatched part in figure given for -ontrol 
experiment, give- the . . . . value of d i s t a l phosphate 
del ivery to the 4 i . f l tubule. Thi. value wa. obtaxne 
f r o . «icropuncture e x p . r i . e n t . on r a t . undergoing 
ident i ca l . . I t d i u r e . i . ( 16 ) . 
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Figure I. Up.E£E {cumulative curves of percentage excretion of 
H inulin (filled circles) and P sodium phosphate 
(open circles) after microinjection into an early 
proximal tubule. Lovfp fractionated collections of 
3 32 
H inulin (open bars)and F sodium phosphate 

. (hatched bare>). v • urinary flow rate. 
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32 Figure 2. Lack of correlation between P recovery after 
early distal tubule injection and phosphate injection 
rate. Hatched part in figure given for control 
experiments gives the «can value of distal phosphate 
delivery to the distal tubule. This value was obtained 
fro» micropunctura experiment* OR rats undergoing 
identical salt diuresis (16). 



tin* «1 the dtltrminalien 
•Ittf an** Hit tia 

Kail iMtfrng «larltd al t>lOOmm) CONTROL TPTX TPTX • PTH 

t s 120 min 

Mg,mmoles/l 
ts 270 min 

0.691 oos h S 0.65toot NS 0.68:002 
(*.<) ln.171 «a. 22» 

0-62:002 •«0001 0 6 8 : 0 0 1 acOOOl 0 . 5 3 : 0 02 
In.TI 1 (it. Ml I fa .U I 

1 = 120 min 

Cammoles/t 
t = 270 mm 

1 . 1 
2.29:on NS 2.21: on atoooi 2.64: oos 

la*) I |a«»71 ! fa.171 

2.*3:o.ot KOOW 2.06: ooi KUOI 2.83: OOT 

t s 120 min 

Pimmoles/l 
t=270min 

1.90: oto »<oooi 2.38:oo7 acoooi 2.69! oos 
fci'OI 1 l»«0) 1 In. 21) 

1.62ton •<oan 2.30 iOM nam 1.90: OM 
In.l) I bt.J») 1 

Table I. Plasma data in the three experimental groups. Values 
are means - S.E.M. The number of determinations appears 
in brackets. 



GFR 
ml/min 

FRACTIONAL EXCRETION 
Or PHOSPHATE C/.) 

CONTROL 

TPTX 

TPTX*PTH 

1.Hi 0.02 
(n=19) 

1*0.001-

1.29*003 
(n=20) 

p<0.001 • 

1.10Î0.03 
(n=30) 

27.4*2.6 
( n=19) 

p%0001-

7.3±o.7 
(n=26) 

p<0.00l. 

19.9*0.9 
(n=28) 

Table 2. Clearance data in the three experimental «roup*, 
excreted fraction was calculated by dividing P. 
clearance by the corresponding 6.F.R. Values are 
-.8.E.M. The number of determinations appears in 
brackets. 



EARLY PROXIMAL TUBULE 

PURINARY RECOVERS 

|% of injtcfcd «mount) 

3HlHUUMU«NARr 
RECOVERY 

rfc of injected amount) 

OUR AT ION or 

INJECTION Istc) 

CONTROL 

r 
til 

In.12) 

100.1*2.1 
Inxl2) 

61.51 5.5 
(o.12) 

T P T X 

-NS-

T P T X • P T H 

63.7 2 16 P<O.OOI 45.6 2 3.6 P«H» 56.5J39 

94.5 s 2.1 
In «HI 

67.9 i 4.6 
Ins H) 

94.4 s 1.5 
| r : 15» 

88.717.1 
InsIS) 

Table 3. Microinjections in early proximal tubules. The 
injections were performed in tubules having 5 to 6 
loops at the kidney surface. The total excretions of 
32 3 
' P and H inulin are expressed as percentage of the 

. amountb injected. Values are means -.S.E.M. 



LATE PROXIMAL TUBULE 

CONTROL TPTX TPTX * P T H 

P URINARY RECOVERY 

(*A of injected amount) 

MS-

77.0* 2.6 p<042S 65.8 * 33 
(n*W) In «15) 

NS 73.3 * 3.4 
l n « 1 6 ) 

3HlNUUN URINARY 
RECOVERY 

I %of injected amount) 

99.9 i 27 
In.K» 

95. U 1.6 
fn« 15) 

95.8:16 
In «16) 

OURATION Or 

INJECTION ( sec) 
66.214.7 

ln«K» 
60.22 6.6 

In «IS) 
80.82 7.6 

In* 16) 

l£Me__£. Microinjections in late proxinal tubules. The total 
32 3 excretions of P and H inulin are expressed as 

percentage of the amounts injected. Values are means 



UNIDIRECTIONAL *P FLUX 
(EXPRESSED AS PERCENT OF DELIVERED LOAD) 

CONTROL TPTX TPTX»PTH 

PROXIMAL 
CONVOLUTED 
TUBULE 

13.3 20.2 16.8 

LOOP 
OF 

HENLE 5.6 26.2 12.1 

TERMINAL 

SEGMENT 17.4 8.0 14.6 

Table 3» Micro inject ion , in early d i e t a l tubule*. The t o t a l 
— — — — — — «2 3 

excretions of P and R innlin are expressed as 
percentage of the amounts injected. Values are means 



EARLY DISTAL TUBULE 

CONTROL TPTX TPTX*PTH 

^URINARY RECOVERY 

f*A of injected amount] 

NS-

82.6 M.8 
In.21) 

piOOOl 92.0 iO 9 
In «20) 

t 
P«MX* 85.42 2 3 

In .13) 

3 H INULINURINARY 
RECOVERY 

1 % of injected amount) 
KXXO* 1.8 

In 121) 

100.62 2.2 
|n»20l 

95.5i 14 
In* 131 

DURATION OF 

INJECTION ls*<) 63.0* 7.0 
In .21) 

76.32 9.7 
In* 20) 

62.32 5.0 
In* 13) 

Table__6. Calculated unidirectional 3 2 P fluxee (percent of 
delivered l o a d ) . For each group, the difference 

32 between P recovery after late proximal and early 
proximal injection gives the 3 2 P reabsorption in P.C.T. 
P reabsorption in the loop is obtained by difference 32 between P recovery after early distal and late 

proximal injections. 


