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Abstract-Tubule fragments were isolated from renal cortex of fed rats and incubated with 5 mM 
lactate. Noradrenaline and phenylephrine (&-agonist) stimulated gluconeogenesis at all extracellular 
Ca*+ concentrations. Oxymetazoline (a-agonist) was ineffective at low extra-cellular CaZ’concentrations. 
but stimulated the process at higher calcium concentrations. Noradrenaline stimulated ‘%a efflux from 
prelabelled tubules. Oxymetazoline had no effect on this process. The effect of noradrenaline was 
blocked by thymoxamine (u-blocker) but not by propranolol (@blocker). It is suggested that nor- 
adrenaline may promote the mobilization of an internal Ca” store whereas oxymetazoline may influence 
Ca” movement at the cell surface. 

Gluconeogenesis in rat renal cortex can be stimulated 
by catecholamines [l-t]. This effect appears to be 
mediated through an cr- rather than P-type of adren- 
oceptor [5,6]. Further studies with selective agonists 
and antagonists have suggested that this is an cr-type 
of receptor [7]. Renal gluconeogenesis from a num- 
ber of substrates is also stimulated by addition of 
extracellular Ca2+ [8-l 11. The Ca2+-sensitive com- 
ponent (or components) in the gluconeogenesis path- 
way is not clearly established nor, considering the 
reported a-adrenergic effects on Ca*+ metabolism 
in the liver (see below), is it clear whether the cr- 
effect on renal gluconeogenesis is mediated by alter- 
ing the Ca2+ concentration in one or more com- 
partments of the proximal tubule cell. 

Gluconeogenesis in the liver also is stimulated by 
ru-adrenergic action [12-161 and is generally, but not 
invariably, stimulated by increasing extracellular 
Ca*+ [17-231. In the liver a considerable number of 
studies have presented findings implying that cu-adre- 
nergic agents cause movement of and redistribution 
of Ca*+. Firstly, a-agonists promote efflux of total 
Ca*+ or preloaded “%Za*+ out of slices, hepatocytes 
or perfused liver [2&30], although Foden and 
Randle [31] have observed an opposite effect of ac 
agonists. c~i rather than e2 hepatic receptors appear 
to be involved in the promotion of Ca2+ release [30]. 
Secondly, a-agonists promote “%a uptake by hepa- 
tocytes [25,31,32]. Thirdly, mitochondria isolated 
from liver exposed to a-agonists show a stable 
increase in the rate of Ca*+ uptake [33,34]. Several 
studies have suggested that mitochondria contain the 
majority of the mobilizable Ca*+ pool that is respon- 
sive to cu-adrenergic stimulation of the liver cell 
[35-381. Other studies question this 128,391. 

Using cultured monkey kidney cells, Borle and 
Uchikawa [40] have shown that parathyrin and 
3’5’cyclic AMP [41] increase 45Ca uptake, total cell 
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Ca*’ and exchange of Ca*’ between cellular pools. 
However, there have been no studies of the effects 
of catecholamines upon Ca2+ in the renal cortex. It 
was, therefore, the purpose of this study to inves- 
tigate the effects of cr-agonists on 45Ca2+ uptake by 
and efflux from tubule fragments isolated from rat 
renal cortex. Both noradrenaline and the synthetic 
imidazoline agonist oxymetazoline were used as 
agonists. Although classified as an cr-agonist, oxy- 
metazoline differs in action from noradrenaline in 
this system in a number of respects [6,42,43]. In 
particular, unlike noradrenaline, oxymetazoline 
does not stimulate gluconeogenesis from pyruvate 
in the absence of extracellular Ca2+ or in the presence 
of low Ca*+ concentrations [6]. A part of this study 
is devoted to further investigation of this noteworthy 
finding. 

MATERIALS AND METHODS 

Chemicals. These were obtained and treated as 
described previously [6,7,44]. In addition, phenyl- 
ephrine was from Sigma (London) Chemical Co. 
(Kingston-upon-Thames, U.K.) ?aC12 was from 
the Radiochemical Centre (Amersham, U.K.) and 
2,5-bis-(5-t-butylbenzoxazol-2-yl) thiophen from 
CIBA (A.R.L) Ltd. (Duxford, U.K.). 

Animals. These were male Sprague-Dawley rats 
bred in the animal colony at University College 
London. They were maintained on GR3EK diet (E. 
Dixon and Sons, Ware, U.K.) with unlimited access 
to water until the time of experimentation when they 
weighed 160-180 g. 

Isolation of tubule fragments from renal cortex. 
This was as described by Macdonald and Saggerson 
[6] and is performed in Krebs-Ringer bicarbonate 
buffer [45] containing 1.27 mM Ca’+, collagenase 
(2 mg/ml) and fatty acid-poor albumin (20 mg/ml). 
When tubules were isolated for study of “Ca efflux, 
45CaC12 (2 @/ml) was also added to this 
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medium, i.e. a 4jCa loading procedure was com- 
bined with disaggregation of the tissue. As described 
previously [6], collagenase treatment was followed 
by filtration and washing by centrifugation at 100 g,, 
for 1 min. This was performed twice using 10 ml of 
Krebs-Ringer bicarbonate containing 1.27 mM Ca2+ 
and fatty acid-poor albumin (10 mgiml) to wash the 
tubules from 4 to 6 kidney cortices. When glucose 
production was to be measured the tubules were 
finally made up in a stock suspension in which the 
tissue from each original kidney cortex was dispersed 
in 2.5 ml of Krebs-Ringer bicarbonate contain- 
ing 1.27 mM Ca” and fatty acid-poor albumin 
(10 mg/ml). When 45Ca efflux was to be measured 
the stock suspension contained double this content 
of tubular material. 

Incubation techniques. Incubations were com- 
menced immediately after the preparation of tubule 
fragments by dispensing 0.5 ml portions of the stock 
suspension into 25 ml silicone-treated Erlenmeyer 
flasks which finally contained 5 ml of Krebs-Ringer 
bicarbonate buffer with fatty acid-poor albumin 
(10 mg/ml), 5 mM sodium L-lactate and the appro- 
priate additions of agonists and antagonists. The 
final calcium concentration in incubation media is 
indicated in the figures and tables. Incubation was 
at 37” with shaking at approx. 70 oscillationsimin. 
The flask contents were continuously gassed with 
02/co* (19: 1). 

Analytical methoak. Glucose was measured 
enzymically [46] in neutralised extracts prepared 
after deproteinisation of entire flask contents or of 
l.Oml samples taken from flasks using HC104 [6]. 
In all experiments the small amount of glucose 
initially present in non-incubated preparations was 

also determined and subtracted from experimental 
values. 

45Ca efflux during incubations was measured by 
taking 0.2ml samples from tubule incubations and 
plunging these rapidly into 0.8 ml of ice-cold 
Krebs-Ringer bicarbonate buffer containing albu- 
min (10 mg/ml) and 2.5 mM LaC13 in a plastic tube. 
The tube was shaken vigorously for approx. 5 set 
and then centrifuged for 30 set on a Beckman 5412 
centrifuge. The resulting supernatant was immedi- 
ately decanted off and stored in ice until the end of 
the experiment when a 0.5 ml sample was taken for 
liquid scintillation counting in 10 ml of scintillation 
fluid consisting of 2,5-bis-(5t-butylbenzoxazol-2-yl) 
thiophen (4 g/l) in toluene + Triton X-100 (2: 1 parts 
by volume). The efficiency of counting in a Beckman 
Ls-35.5 scintillation counter was 79-82%. 

The DNA content of portions of the stock tubule 
suspensions was measured by the method of Burton 
[471. 

Statistical methods. Analysis of data was per- 
formed on a paired basis and statistical significance 
determined by the Student’s t-test. 

RESULTSANDDISCUSSION 

Stimulation of gluconeogenesis by a+agonists with 
varying extracellular [Ca’+] 

Following the finding of Macdonald and Saggerson 
[6] that oxymetazoline is ineffective at low [Ca*+J 
whereas noradrenaline stimulated gluconeogenesis 
from pyruvate in the absence of Ca2+ (100 yM EGTA 
present), it was decided to investigate the effect of 
these agonists over a wide range of [Ca”] (Table 1. 
Fig. 1). The effect of another synthetic B-agonist, 

Table 1. Effect of extracellular Ca*’ concentration upon stimulation of gluconeogenesis by noradrenaline, phenylephrine 
and oxymetazoline 

Agonist 
used 

Noradrenaline 

(1 PM) 

Phenylephrine 

(10 PM) 

Oxymethazonline 
(10 nM) 

I 4.5 
IO.13 

0.50 
< 1.0 

2.0 
) 4.5 

0.13 
0.20 
0.50 

< 1.0 
2.0 

\ 4.5 

Glucose production (,umole/30 min 
per mg DNA) 

Increase 
With due to 

Basal agonist agonist 

0.31 ?Z 0.07 0.68 + 0.12 0.38 2 0.08 
0.40 2 0.08 0.84 * 0.12 0.44 * 0.09 
0.79 r 0.14 1.30 t 0.17 0.51 -+ 0.08 
1.38 2 0.14 2.06 ? 0.26 0.68 2 0.16 
1.97 ? 0.25 2.41 r 0.36 0.44 + 0.19 
2.26 2 0.36 2.71 + 0.25 0.50 ‘- 0.12 
0.49 7t 0.08 0.91 + 0.15 0.42 + 0.10 
0.90 t 0.14 1.80 + 0.30 0.89 2 0.24 
1.78 c 0.24 2.84 -t 0.35 1.01 + 0.23 
2.82 f 0.34 3.62 t 0.38 0.80 _t 0.17 
2.96 r 0.32 3.39 2 0.35 0.43 + 0.22 
0.66 + 0.11 0.75 % 0.18 O.lO? 0.14 
0.68 ? 0.17 1.03 5 0.19 0.35 2 0.10 
1.09 t 0.20 1.67 t 0.36 0.58 2 0.19 
1.74 2 0.39 2.78 _t 0.63 1.04 2 0.29 
2.78 + 0.59 3.98 + 0.99 1.20 2 0.43 
3.63 + 0.88 4.15 ? 0.83 0.52 t 0.36 

Number of 
experiments 

‘P’ for comparison 
of agonist-treated 

vs basal 

6 

6 

5 
5 
4 

< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.1 
< 0.01 
10.01 
<O.Ol 
co.01 
<O.Ol 
co.2 
< 0.5 
< 0.05 
< 0.05 
< 0.05 
c: 0.1 
< 0.3 

Tubule fragments were prepared and incubated with 5 mM sodium lactate as described under Materials and Methods. 
Samples were taken for analysis at 15 and 45 min. The values are the increments in glucose production in this 30 min 
interval and are means 2 S.E.M. The mean tubule DNA per ml of flask contents was: noradrenaline experiments, 48 pg; 
phenylephrine experiments 38 ,ug; oxymetazoline experiments 27 pg. 
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Fig. 1. Effect of extracellular Ca*+ concentration upon 
percentage stimulation of gluconeogenesis by noradrena- 
line, phenylephrine and oxymetazoline. The values are 
derived from Table 1: 0, effects of noradrenaline; A, 
effects of phenylephrine; m, effects of oxymetazoline; 0, 
means +- S.E.M. of basal rates of glucose production (18 

experiments). 

phenylephrine, was also examined. The experi- 
mental design differed from that of Macdonald and 
Saggerson [6]. Firstly lactate was used as substrate 
since both oxymetazoline [6] and noradrenaline [5] 
give greater stimulation of gluconeogenesis with this 
substrate than with pyruvate. Second, as described 
by Saggerson [ll], tubules were not Ca*+-depleted 
in the course of isolation, [Ca”] was adjusted as 
required at the start of incubations and measure- 

ments of glucose production were made at 15 and 
4.5 min. Over this time interval glucose formation 
from pyruvate [ll] or lactate, (results not shown) is 
linear with time. Any transient non-linear portions 
of the time-course of glucose output resulting from 
adjustment of [Ca’+] or addition of agonists occurs 
within this initial 15 min period. The rates of glucose 
production shown in Tables 1 and 2 and Figs. 2 and 
3, therefore, represent steady state rates. The con- 
centrations of agonists were those found to give 
maximum stimulation of gluconeogenesis at 1.27 mM 
Ca*+ under these experimental conditions (see Figs. 
2 and 3). It may be seen that oxymetazoline differed 
from noradrenaline and phenylephrine in that it was 
almost ineffective at 0.13 mM Ca’+ and less effective 
than the other agonists at 0.2 mM Ca*+. All the 
agonists were generally similar in effectiveness at 
and above 1 mM Ca’+. These differences are seen 
more clearly when the data of Table 1 are trans- 
formed into percentage changes (Fig. 1). At 0.13 mM 
Ca*+, noradrenaline and phenylephrine increased 
glucose production by 129 ? 25 and 93 * 24%, 
respectively. These percentage increases were 
significantly different (P < 0.01) for noradrenaline 
and P < 0.05 for phenylephrine) from the percentage 
increase of 15 ? 22% seen with oxymetazoline at 
this low [Ca”]. Inclusion of the pblocker propran- 
olol(l0 PM) did not alter the effect of noradrenaline 
at any tested [Ca’+] (results not shown). Therefore, 
the differences between noradrenaline and oxyme- 
tazoline could not be explained by the possibility 
that, at low [Ca”], noradrenaline might stimulate 
gluconeogenesis through P-adrenoceptors. Since a 
wide range of [Ca’+] was covered, it was necessary, 
for technical reasons, to use separate tubule prep- 
arations for the studies with each of the three agonists 
shown in Table 1. It is probably for this reason that 

Table 2. Effect of low extracellular Ca*+ concentrations upon stimulation of gluconeogenesis by noradrenaline, 
phenylephrine and oxymetazoline 

Ca*+ Basal 

I 
noradrenaline 

( WM) 

+ Agonist 
A 

phenylephrine 
UOnM) 

\ 
oxymetazoline 

(10nM) 

0.13 mM Glucose production 
(pmole/30 min per 
mg DNA) 
Difference from 
basal 
% Difference 
from basal 

0.72 2 0.13 1.20 2 0.151 1.00 + 0.161 0.74 + 0.15 

0.48 2 0.05$ 0.29 t 0.049 0.02 r 0.02 

+86 ‘- 170 f48 t 1211 +2 t 2 

0.2 mM Glucose production 
(pmole/30 min per 
mg DNA) 
Difference from 
basal 
% Difference 
from basal 

0.83 2 0.16 1.39 + 0.23t 1.20 t 0.181 0.98 + 0.18t 

0.56 + 0.091) 0.37 * 0.08 0.15 + 0.03 

+72 2 111 +49 + 101 +19*3 

Tubule fragments were prepared and incubated with 5 mM sodium lactate as described under Materials and Methods. 
Samples were taken for analysis at 15 and 45 min. The values are the increments in glucose production in this 30 min 
interval and are means 2 S.E.M. of 5 experiments. The mean tubule DNA per ml of flask contents was 51 pg. 

* P < 0.001, tP < 0.01 vs the basal condition. 
$ P < 0.001, B P < 0.01 
I( P < 0.02, f P < 0.05 for comparison of the effect of oxymetazoline vs the effects of noradrenaline or phenylephrine. 
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Fig. 2. Effect of extracellular Ca” concentration upon the 
dose-dependence of stimulation of gluconeogenesis by 
noradrenaline. Tubule fragments were prepared and incu- 
bated with 5 mM lactate as described under Materials and 
Methods. Samples were taken for analysis at 15 and 45 min. 
Ca*’ concentrations were: W, 0.13 mM; 0, 0.7 mM; 0, 
1.27mM. The values are means of 3 experiments. The 
mean tubule DNA content was 38 @g per ml of flask con- 
tents. (a) The values are expressed in absolute terms as 
the increment in glucose production between 15 and 45 min. 
The bars indicate S.E.M. and, where not shown. like within 
the symbol. (b) The values are normalized by expressing 
the basal value as zero and the maximum value in each 
experiment as 100. Individual increases due to noradren- 
aline are then expressed as percentages of the largest 
increase in each experiment. The bars indicate S.E.M. 
Significant differences were seen between the effects at 
0.13 mM and 1.27 mM Ca” when the noradrenaline concn. 
was lo,30 and 100 nM (P < 0.001, < 0.001, i 0.01, respec- 
tively). The effect seen with 10 nM noradrenaline at 0.7 mM 
Ca*’ was significantly different (P -i 0.01) from that seen 
at 0.13 and 1.27 mM Ca” with this concentration of 

hormone. 

the percentage effects of oxymetazoline and nor- 
adrenaline were not significantly different at 0.2 mM 
Ca2+ in this experiment. However, this was seen in 
a further, more closely matched experiment. Table 
2 summarises an experiment in which the actions of 
the three agonists were examined in the same tubule 
preparations over a more limited range of [Ca”]. 
The results demonstrate a small, but significant effect 
of oxymetazoline at 0.2 mM Ca*+ (19%) but this was 
significantly less than the effects of noradrenaline 
(72%) or phenylephrine (49%). Although nor- 

Fig. 3. Dose-dependence of stimulation of gluconeogenesis 
by oxymetazoline and phenylephrine. Tubule fragments 
were prepared and incubated with 5 mM lactate as 
described under Materials and Methods. Samples were 
taken for analysis at I5 and 45 min. The values are cal- 
culated from the increments in glucose production in this 
30 min interval and are means 5 S.E.M. of 4 experiments 
in each case. The mean tubule DNA per ml of flask contents 
was 47 ,ug for oxymetazoline experiments and 57 pg for 
phenylephrine experiments. Basal rates of gluconeogenesis 
(flmole/30min per mg DNA) were: in oxymetazo- 
line experiments, 0.53 2 0.09 (Ca’+ = 0.13 mM) and 
2.12 2 0.18 (Ca’* = 1.27 mM); phenylephrine cxperi- 
ments, 1.76 2 0.22 (Ca*’ = 1.27mM). 0, with oxy- 
metazoline, [Car+] = 1.27 mM; 0, with oxymetazoline 
[Ca’+] = 0.13 mM; 

[Ca’+yl 1.27 E$. 
phenylephrine 

adrenaline is effectve in all [Cal+] when used at the 
relatively high dose of 1 PM, lowering the extra- 
cellular [Caz’] reduced the effectiveness of low con- 
centrations of noradrenaline (Fig. 2): i.e. on chang- 
ing from 1.27 to 0.13 mM Ca*+ the percentage of the 
maximal effect obtained with lOnM, 30nM and 
100 nM noradrenaline decreased from 31 + 2. 
55 k 8 and 83 +- 10% to 2 5 4, 19 k 3 and 35 F 7%. 
respectively (Fig. 2b). From Fig. 2b it may be seen 
that decreasing [Ca’+] from 1.27 to 0.13 mM 
increased the half-maximally effective concentration 
of noradrenaline by approximately 6-fold (from 
2.7 x lO-‘M to 1.7 X lo-‘M). Lowering extracel- 
lular ]Ca*‘] has also been shown to reduce the effec- 
tiveness of low concentrations of adrenaline to stimu- 
late renal gluconeogenesis from pyruvate (see Fig. 
2 of [44]). In addition, it is noteworthy that Ca-’ 
depletion of rat hepatocytes also causes a shift to the 
right in the dose-curve for activation of phosphoryl- 
ase by adrenaline [48]. In a similar experiment (Fig. 
3) it was found that the effectiveness of oxymeta- 
zoline as an agonist at 0.13 mM Ca2+ could not be 
restored by raising its concentration. Hence, the loss 
of response to oxymetazoline seen at low [Ca” ] is 
not the result of a dose-curve shift of the type seen 
in Fig. 2b. 

In Fig. 3 significant effects of oxymetazoline were 
observed at 10 nm, 0.1 PM, 0.3 PM and 1 PM 
(P < 0.05 or less) when the [Ca2 ‘1 was 1.27 mM. The 
small effects of this agonist seen at 0.13 mM Ca” 

were in every case non-significant. 
In conclusion, these experiments show that the 

lowering of extracellular [Ca’+] abolishes stimulation 
of gluconeogenesis by oxymetazoline and by low 
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concentrations of noradrenaline. Higher concentra- 
tions of noradrenaline (or phenylephrine) however 
are still effective in this respect. 

Effects of wagonists on 45Ca efJIux 
A series of experiments were undertaken in which 

45Ca-preloaded tubule fragments were incubated in 
1.27mM Ca2+ with high concentrations of nor- 
adrenaline (1 PM) or oxymetazoline (10 nM). Efflux 
of 4sCa in the absence of agonists is shown in Figs. 
4 and 5. Under these basal conditions 50% of the 
45Ca taken up during the loading phase appeared in 
the incubation medium in 20-25 min. This time- 
course of basal efflux of 45Ca was reproducibly seen. 
Noradrenaline increased the efflux of 4sCa (Fig. 4) 
the effect being statistically significant (P < 0.05 or 
less) at all the shown times except at 15 min 
(P < 0.1). The differences between the basal efflux 
and that in the presence of noradrenaline increased 
with time in an approximately linear fashion (Fig. 
4). In contrast, oxymetazoline, under conditions 
where this agonist is effective in promoting gluco- 
neogenesis, was total ineffective in promoting 45Ca 
eftlux (Fig. 5). The effect of noradrenaline on 45Ca 
efflux was mediated through a-rather than padren- 
oceptors since the aI antagonist thymoxamine (which 
blocks stimulation of renal gluconeogenesis by nor- 
adrenaline [7], but not propranolol abolished the 
effect of noradrenaline on 45Ca efflux (Table 3). The 
effect of noradrenaline on 45Ca efflux in this system 
(Fig. 4) was considerably smaller than the effect of 

Fig. 4. Ca” efflux from tubules in the presence of nor- 
adrenaline. Tubule fragments, prepared and preloaded 
with 45Ca as described under Materials and Methods, were 
incubated with 5 mM sodium L-lactate and 1.27 mM Ca’+. 
Samples were taken for measurements of ‘?a efflux at the 
indicated times. The zero-time value was subtracted from 
these values. The values are the means of 8 experiments 
in which the mean tubule DNA per ml of flask contents 
was 96 pg. 0, 0, “%Za efflux in thk absence and presence, 
respectively of 1 PM noradrenaline; W, means t S.E.M. 

of differences between these values. 

L __u__v-__i 5 
0 10 20 30 40 50 60 

Time, min 

Fig. 5. Ca*+ efflux from tubules in the presence of oxy- 
metazoline. Tubule fragments, prepared and preloaded 
with 45Ca as described under Materials and Methods, were 
incubated with 5 mM sodium L-lactate and 1.27 mM CaZ+. 
Samples were taken for measurement of 45Ca efflux at the 
indicated times. The zero-time value was subtracted from 
these values. The values are the means of 7 experiments 
in which the mean tubule DNA per ml of flask contents 
was 95 pg. 0, 0, 45Ca efflux in the absence and presence 
respectively of 10 nM oxymetazoline; W, means 2 S.E.M. 

of differences between these values. 

phenylephrine on this process in rat hepatocytes [25]. 
This could imply a difference in the scale of this 
effect between the two tissues. Alternatively, the 
tubule fragment preparation is a heterogeneous cell 
population and a proportion of the basal efflux is 
likely to be from cells or structures which do not 
respond in this fashion to cy-adrenergic stimulation. 

Effects of a--agonists on 45Ca uptake 
Keppens et al. [32] and Assimacopolous-Jeanett 

et al. [25] showed that phenylephrine stimulates 
uptake of 45Ca by rat hepatocytes at early times 
(l-5 min). A similar series of experiments were 
undertaken with tubule fragments (results not 
shown). These were incubated with 4SCa and 
[3H]inulin as extracellular marker and 45Ca uptake 
determined after centrifugation of tubules through 
a layer of silicone oil. Although rapid uptake of “Ca 
was observed these experiments were negative in 
that neither noradrenaline (1 PM) nor oxymetazoline 
(10 nM) had any effect on 45Ca uptake over a period 
of l-10 min. Because of the heterogenicity of the 
tissue preparation it cannot be established whether 
these agonists do not stimulate 45Ca uptake or 
whether basal 45Ca uptake into a-agonist-insensitive 
cells is sufficiently large to mask a stimulation of this 
process. 

General discussion 
This study shows two clear differences between 

the cY-adrenergic effects of noradrenaline and oxy- 
metazoline in the renal tubule; namely, an inability 



2336 P. KESSAR and E. D. SAGGERSON 

Table 3. Effect of propranolol and thymoxamine upon the stimulation of J5Ca efflux by 
noradrenaline 

Experiment 
No. 

Additions to 
incubation 

J5Ca efflux (dpm x IO-“/mg DNA) 
30 min 60 min 

1 Propranolol (10pM) 11.0 + 0.9 13.9 f 1.0 
Propranolol (10yM)t 
noradrenaline ( I,uM) 12.6 2 0.9* 16.3 + l.lt 

2 Thymoxamine (10pM) 11.4 -r- 0.9 14.9 -+ 0.7 
Thymoxamine (10pM) + 
noradrenaline (1pM) 11.5 f 0.8 14.2 + 1.3 

Tubule fragments, prepared and preloaded with 4sCa as described under Materials and 
Methods, were incubated with 5 mM sodium L-lactate and 1.27 mM CaZ+. Samples were 
taken for measurement of effluxed “%a at the indicated times. The zero-time value was 
subtracted from these values which are the means * S.E.M. from 6 separate tubule 
preparations in both cases. The mean tubule DNA per ml of flask contents was: experiment 
1. 80 ue: exoeriment 2. 80 ue. Sienificance of noradrenaline effects are indicated by 
$1 t =’ F< OYOl, < 0.02; resie%iveTy 

of oxymetazoline to promote 45Ca efflux or to stimu- 
late gluconeogenesis at low extracellular [Ca’+]. 
These are in addition to other differences noted 
previously, i.e. oxymetazoline does not stimulate 
gluconeogenesis from succinate [6], its action is less 
inhibited by ouabain [42] and is more sensitive to 
blockade by D-600 (methoxyverapamil) and phen- 
tolamine [43]. The reasons underlying this apparent 
subdivision of a-agonist action are unknown at pres- 
ent. Curiously, although gluconeogenesis in hepa- 
tocytes is stimulated by noradrenaline or phenyle- 
phrine, oxymetazoline does not appear to stimulate 
the process in this tissue [1.5]. 

Obviously, 45Ca flux experiments must be inter- 
preted with considerable caution. The increased 
efflux of 45Ca in the presence of noradrenaline could 
be due to mobilization of Ca2+ from an internal store 
resulting in increased exchange of 45Ca with the 
incubation medium. If this is so, then clearly oxy- 
metazoline does not promote the mobilization of this 
calcium store. 

As discussed by Jenkinson et al. [49] m-receptor 
mediated events in various experimental systems are 
dependent upon extracellular Cazf; e.g. the slow 
phase of contraction of arterial smooth muscle, the 
inhibitory effect upon guinea pig taenia coli; the 
sustained phase of K+ release from the parotid. In 
these cases it is inferred that cu-adrenergic stimulation 
is associated with a change in Ca*+ permeability of 
the plasma membrane. On the other hand other a+ 
receptor-promoted events can be observed in the 
absence of or presence of only very low extracellular 
Ca2+; e.g. glucose release from liver (see above for 
references), the rapid initial phase of the contractile 
response of arterial smooth muscle, the early tran- 
sient phase of K+ release from the parotid (see [49]). 
It is presumed that these latter events are achieved 
by mobilization of internal Ca2+ stores. 

It is tentatively suggested that the action of oxy- 
metazoline in renal cortex is primarily concerned 
with a pool or store of Ca2+ at or near the cell 
surface. This may be extremely difficult to establish. 
On the other hand it is suggested that part at least 
of the action of noradrenaline is concerned with the 
disposition of an internal store of Ca2+. 
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