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Stimulation of p-aminohippuric acid transport in rabbit 
kidney cortex by parathyroid hormone and adenosine 

3’S’-cyclic monophosphate 

(Recriard 17 February 1975; acwptud 25 April 1975) 

Parathyroid hormone (PTH) affects the renal handling of 
not only electrolytes but also of sugars and amino acids 
[l]. There appear to be substantial differences in the way 
in which PTH affects the transport of non-electrolytes. 
Weiss rt al. [2] reported that PTH and dibutyryl-cyclic 
AMP (DB-CAMP) stimulate amino acid uptake by slices 
of rat kidney cortex. This effect requires preincubation with 
DB-CAMP for over 90 min and is blocked by inhibitors 
of protein synthesis (cycloheximide and puromycin). Rey- 
holds and Segal [3] have shown that uptake of a-methyl-a- 
glucoside by slices of rabbit kidney cortex is increased by 
PTH and DB-CAMP. This stimulation requires pretreat- 
ment with DB-CAMP but is not blocked by cyclohexi- 
mide. Both studies suggest that PTH and DB-CAMP some- 
how increase the activity of the transport process normally 
involved in reabsorbing glucose and amino acids from the 
lumen of the proximal tubule into the tubule cell across 
the lumenal brush border. On the other hand, Short ut 
al. [4] have shown that in humans infusion of PTH has 
an immediate effect of decreasing tubular reabsorption of 
amino acids. It is not yet clear whether the conflicting 
results of these studies represent species differences or 
methodological differences (i.e. slices as opposed to clear- 
ance techniques in aioo). 

We proposed to determine if PTH and cyclic AMP 
might also influence renal secretory transport by studying 
uptake of the organic anion p-aminohippuric acid (PAH) 
which is actively transported from renal peritubular capil- 
laries into the proximal tubule cell [S]. We prepared sus- 
pensions of separated renal cortical tubules by a modifica- 
tion of the method of Nagata and Rasmussen 161. New 
Zealand white rabbits of either sex were killed by injecting 
air into an ear vein. The kidneys were immediately 
removed and placed in a buffer containing 10 mM sodium 
phosphate (mono- and di-basic adjusted to a final pH of 
7.40), 120 mM NaCI. 16.2 mM KCl. 10 mM Na acetate. 
1.2 mM MgSO,, and I.0 mM CaCl, (standard buffer). The 
cortex of each kidney was removed by careful dissection 
and put through a tissue press (1.5 mm pore size). Each 
kidney was digested at 37” for 1 hr in 20 ml standard 
buffer containing 20 mg collagenase (Sigma). The tubules 
were then dispersed with a wide tipped pipette and filtered 
through a single layer of nylon stocking. They were washed 
three times in standard buffer by centrifugation at 800 rev/ 

min for 45 sec. The resulting tubule suspension from each 
kidney was resuspended in approximately 3 ml buffer to 
give a tubule protein concentration of 50-60 mg/ml. 

In our uptake experiments. 100 ~1 of tubule suspension 
was added to a polypropylene test tube containing I ml 
standard buffer and 10 mg/ml of rabbit serum albumin. 
The tube was oxygenated for 30 sec. capped tightly, and 
placed on a shaking water bath at 37” for the desired prein- 
cubation period. During preincubation. some tubes con- 
tained 10 pg/ml of purified bovine parathyroid hormone 
(gift of Dr. H. Rasmussen. University of Pennsylvania) or 
lo-” or 10-j M CAMP (CalBiochem). In some exper- 
iments. we also added 1 mM cycloheximide (Sigma). At 
the end of the preincubation period, we added 20 ~1 buffer 
containing PAH [glycyl-l-‘4C] (New England Nuclear, 
32.4 mCi/m-mole) to a final concentration of 8 FM. After 
15 min. a 05-ml aliquot was removed from each tube, 
filtered under vacuum through an 8 pm pore size filter (Nuc- 
leopore) and washed twice with 4 ml buffer. The filter was 
placed in a vial containing 10 ml Aquasol (New England 
Nuclear) and counted in a liquid scintillation spectrometer. 
Data are reported as cpm/mg of tubule protein and were 
corrected for non-specific binding of PAH to renal tissue. 

‘Table I shows the effect on PAH uptake of preincubat- 
ing renal cortical tubules for 130 min with CAMP or PTH 
prior to the addition of PAH. CAMP at 10e3 M consis- 
tently inhibited PAH uptake by more than 50 per cent. 
probably by a competitive mechanism, as suggested by 
Podevin and Boumendil-Podevin [7]. In other experiments 
not reported here. DB-CAMP inhibited PAH uptake by 
an even greater amount. However. CAMP at a con- 
centration of 10m4 M and PTH increased the rate of PAH 
uptake significantly. 

Figure 1 shows the time course of the stimulatory effect 
of PTH on PAH uptake. PTH apparently begins to exert 
an effect within the first 15 min. and the magnitude of 
the effect increases linearly with time. 

As shown in Fig. 2. 1 mM cycloheximide partially 
reduces the stimulatory effect of PTH on PAH uptake. 
but also reduces PAH uptake by itself. 

These experiments clearly show that PTH and CAMP 
(at 10m4 M) increase the rate of uptake of PAH by renal 
tubules. A recent report by Costanzo and Weiner [S] sug- 
gested that PTH may increase the secretion of chlorothia- 

Table 1. PAH uptake by renal tubules after preincubation with CAMP or PTH 

Agent and dose 
Number of 
experiments 

Mean cpm + S. E. M. 

Control Experimental 9/, Change P* 

CAMP (10-3M) 7 230.7 + 34.1 105.3 * 12.0 -54 < 0.01 
CAMP (1O-4 M) 13 244.3 k 30.1 301.8 + 37.8 +23 < 0.01 
PTH (10 pg/ml) 11 292.3 k 37.6 323.0 k 41.7 +I1 < 0.01 

* Using Student’s r-test for paired data. 
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Fig. I. Time course of the effect of PTH on PAH uptake. 
All tubules were incubated for 180 min and PTH was 
added at 0, 60. 120 or 180 min prior to the addition of 
PAH. Data represent mean + S. E. M. of three exper- 

iments run in quadruplicate. 

Lidc. another organic anion. Thus. it is likely that the effect 
shown in the present experiments results from stimulation 
of the renal transport system for organic anions. However. 
our experiments do not explain the mechanism of the 
stimulation of transport. While stimulation of PAH uptake 
is reduced by cycloheximide. there does not appear to be 
a lag phase during which stimulation does not occur. as 
seen in the stimulation of glucose and amino acid transport 
by DB-CAMP. The finding of such a lag phase has often 
been used to support a hypothesis that an effect is 
mediated via synthesis of new protein. Therefore. we can- 
not say at this point whether or not synthesis of transport 
protein might be involved. Furthermore. we cannot dcter- 
mine whether or not the effect of PTH is a direct one 
or is secondary to increased intracellular production of 
CAMP. However. the latter possibility is probably a 
reasonable working hypothesis until the exact mechanism 
of the stimulation of transport can be elucidated. 

Fig. 2. Effect of cyclohcximide (CHX) on the stimulation 
of PAH uptake by PTH and CAMP. Tubules were incu- 
bated as described for 130 min with either 10 pg/ml of PTH 
or IO-“ M CAMP. Some tubes also contained I mM cyclo- 
heximide. Note that cyclohcximide has only partially 
reduced the stimulation of PAH uptake by PTH and 
CAMP &cause the PAH uptake in the tubules containing 
cycloheximide alone was reduced to 90 per cent of the 
control value. Data show mean f S. E. M. of three exper- 

iments run in quadruplicate. 
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Reduced incorporation of C3H]leucine into cerebral proteins 
after long-term ethanol treatment 

(Recriwd 8 Jumrary 1975: ucccptrd 2 S~~ptcwher 1975) 

Results concerning effects of long-term ethanol consump- thus be responsible for the apparent etfect of ethanol on pro- 
tion on the incorporation of labelled amino acids into tein metabolism. Such effectscouldalso vary among different 
brain proteins of intact animals are scarce and conflicting experiments if the composition of the basic diet varied. The 
[ 1.21. In these studies ethanol solutions were given to the ex- question was raised: whether ethanol intake could influence 
pcrimental groups instead of water. This procedure provides cerebral protein synthesis, independently of nutrition. In 
more ‘empty’ calories to the experimental animals than to our experiments ehtanol was given to replace lipids iso- 
the control animals. The subsequent reduced intake of calorically in a way which did not influence the daily intake of 
protein or other essential nutrients by treated rats could minerals. vitamins. protein or other essential nutrients. 


