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Abstract

Calcium (Ca2+) has an important role in nearly all types of cellular secretion, with a particularly 

novel role in the juxtaglomerular (JG) cells in the kidney. In JG cells, Ca2+ inhibits renin 

secretion, which is a major regulator of blood pressure and renal hemodynamics. However, 

whether alterations in afferent arteriolar (Af-Art) pressure change intracellular Ca2+ concentration 

([Ca2+]i) in JG cells and whether [Ca2+]i comes from extracellular or intracellular sources remains 

unknown. We hypothesize that increases in perfusion pressure in the Af-Art result in elevations in 

[Ca2+]i in JG cells. We isolated and perfused Af-Art of C57BL6 mice and measured changes in 

[Ca2+]i in JG cells in response to perfusion pressure changes. The JG cells’ [Ca2+]i was 93.3 ± 2.2 

nM at 60 mm Hg perfusion pressure and increased to 111.3 ± 13.4, 119.6 ± 7.3, 130.3 ± 2.9 and 

140.8 ± 12.1 nM at 80, 100, 120 and 140 mm Hg, respectively. At 120 mm Hg, increases in [Ca2+]i 

were reduced in mice receiving the following treatments: (1) the mechanosensitive cation channel 

blocker, gadolinium (94.6 ± 7.5 nM); (2) L-type calcium channel blocker, nifedipine (105.8 ± 7.5 

nM); and (3) calcium-free solution plus ethylene glycol tetraacetic acid (96.0 ± 5.8 nM). Meanwhile, 

the phospholipase C inhibitor, inositol triphosphate receptor inhibitor, T-type calcium channel 

blocker, N-type calcium channel blocker and Ca2+-ATPase inhibitor did not influence changes in 

[Ca2+]i in JG cells. In summary, JG cell [Ca2+]i rise as perfusion pressure increases; furthermore, 

the calcium comes from extracellular sources, specifically mechanosensitive cation channels and 

L-type calcium channels.
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INTRODUCTION

The renin–angiotensin system is one of the most important long-term blood pressure 

regulation systems. The rate-limiting enzyme in this hormonal cascade is renin. Renin is 

stored and secreted into circulation primarily from renal juxtaglomerular (JG) cells, which 

are the modified vascular smooth muscle cells of the renal afferent arteriole (Af-Art) 

adjacent to the glomerulus.

Renin secretion is stimulated by renal sympathetic nerve activity, low renal perfusion 

pressure, sodium depletion and inhibition of angiotensin II (Ang II) synthesis or action.1,2 A 

major control mechanism for renin secretion is the intrarenal baroreceptor. In the late 1950s, 

Tobian et al.3 first showed an inverse relationship of JG cell granularity to renal perfusion 

pressure, which was supported by subsequent experiments.4–7 In response to increases in 

perfusion pressure, Af-Arts constrict, in what is termed myogenic response8–11 accompanied 

by elevation of intracellular calcium concentrations ([Ca2+]i) in vascular smooth muscle 

cells.10–13 Unlike most secretory cells, renin secretion from the JG cell is inversely related 

to the [Ca2+]i.14 Calcium has been proposed as an important regulator in renin release. 

Lowering the concentration of calcium in incubation media, the use of calcium channel 

antagonists, and the use of calmodulin antagonists have been shown to increase renin 

release.15–24 Conversely, increasing [Ca2+]i by the infusion of a calcium ionophore inhibits 

renin release.25,26 However, it is unknown whether changes in perfusion pressure induce 

[Ca2+]i alterations in JG cells.

We used the isolated and perfused Af-Art and measured [Ca2+]i alterations in JG cells by 

changing the perfusion pressure of the Af-Art. We hypothesize that increases in perfusion 

pressure in the Af-Art result in elevations in [Ca2+]i in JG cells. The potential contributions 

of mechanosensitive cation channels, phospholipase C (PLC), inositol triphosphate (IP3)-

induced release of intracellular calcium stores, membrane calcium channels, and T and L-

type channels to [Ca2+]i alterations in JG cells were evaluated.

METHODS

Male mice of the C57BL6 strain weighing 22–25 g were used. Animals were fed with 

standard mouse chow and were allowed for free access to tap water. All procedures were 

approved by the Uppsala University and University of Mississippi Animal Care and Use 

Committee before any procedures being performed on animals.

Isolation and microperfusion of the mouse Af-Art

We used methods similar to those described previously to isolate and micro-perfuse the Af-

Art.27–31 Briefly, the animals were killed by cervical dislocation, and the kidneys were 

removed and sliced along the corticomedullary axis. Slices were placed in ice-cold 

minimum essential medium containing 5% bovine serum albumin and were dissected under 

a stereomicroscope. A single superficial Af-Art and its intact glomerulus were 

microdissected. Using a micropipette, the microdissected complex was transferred to a 

temperature-regulated chamber mounted on an inverted microscope (Eclipse Ti, Nikon, 

Melville, NY, USA). The Af-Art was cannulated with an array of glass pipettes. 
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Intraluminal pressure was measured according to Landis’ technique, using a fine pipette 

introduced into the Af-Art through the perfusion pipette. The Af-Art was perfused from the 

proximal end in an orthograde direction with minimum essential medium. The water in the 

bath was changed continuously at a rate of 1 ml min−1 with minimum essential medium. 

Microdissection and cannulation were completed within 60 min at 8 °C, after which the bath 

was gradually warmed to 37 °C for the rest of the experiment. Once the temperature was 

stable, a 30-min equilibration period was allotted before taking any measurements. The 

imaging system consisted of a microscope (Eclipse Ti, Nikon), a digital CCD camera 

(CoolSnap, Photometrics, Tucson, AZ, USA), a xenon light (LB-LS/30, Shutter Instruments, 

Novato, CA, USA) and an optical filter changer (Lambda 10–3, Shutter Instruments). 

Images were displayed and analyzed with NIS-Elements imaging software (Nikon).

Intracellular calcium ([Ca2+]i) measurement in JG cells

Once the Af-Art was perfused, calcium sensitive fluorescent dye fura-2 AM (3 µM in 0.1% 

dimethyl sulfoxide) was loaded from the lumen at 37 ± 1 °C for 30 min and then washed for 

20 min. Intracellular dye was excited alternately at 340 and 380 nm and fluorescence 

emissions recorded at 510 nm. The JG cells were easily identified by their localization and 

morphology;32,33 these cells are specialized smooth muscle cells in the wall of the distal Af-

Art and are distinguished by granulated cytoplasm. To measure changes of calcium 

concentration only in JG cells, we placed square-shaped regions of interest inside the 

cytoplasm of JG cells and measured mean intensity of fluorescence every 5 s for 2 min at 

each perfusion pressure. The [Ca2+]i was calculated from the following equation:34

where Kd is the dissociation constant of fura-2, R is the ratio of fluorescence at 380–340 nm, 

and Rmin and Rmax are the ratios for unbound and bound forms of the fura-2/Ca2+ complex 

in MD cells, respectively. Fo/Fs is the ratio of fluorescence at 380 nm in the absence of Ca2+ 

to saturating Ca2+ concentrations. We calibrated the system in situ.

Experimental protocols

After the 30-min equilibration period, the [Ca2+]i in the JG cells was measured for 2 min, as 

a basal measurement, when Af-Art was perfused at 60 mm Hg. Then, we increased the 

perfusion pressure to 80 mm Hg and measured the [Ca2+]i in the JG cells again for 2 min. 

After that, we returned the perfusion pressure to 60 mm Hg for 10 min and repeated the 

perfusion pressure manipulations from 80 to 140 mm Hg, measuring the [Ca2+]i in the JG 

cells. The relative perfusion pressure elevations used were from 60 to 80 mm Hg, from 60 to 

100 mm Hg, from 60 to 120 mm Hg and from 60 to 140 mm Hg.

In the antagonist experiments, we only increased the perfusion pressure from 60 to 120 mm 

Hg. When the Af-Art was perfused at 60 mm Hg, the [Ca2+]i in the JG cells was measured 

for 2 min, as a basal measurement. Then, we increased the perfusion pressure to 120 mm Hg 

and measured the [Ca2+]i in the JG cells again for 2 min. After that, we returned the 

perfusion pressure to 60 mm Hg for 30 min, and one drug was added to the bath for each 

experiment. Then, we repeated the increases of perfusion pressure and [Ca2+]i measurement 
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in the JG cells. The following drugs were used: (1) mechanosensitive cation channel 

blocker, adolinium (Gd3+) (30 µM); (2) PLC inhibitor, U-73122 (10 µM); (3) IP3 receptor 

inhibitor, 2-APB (100 µM); (4) calcium-free solution plus 5 µM ethylene glycol tetraacetic 

acid (EGTA) both in lumen and bath; (5) calcium ATPase inhibitor, thapsigargin (1 µM); (6) 

T-type calcium channel blocker, pimozide (10 µM); (7) N-type calcium channel blocker, ω-

conotoxin GVIA (1 µM); and (8) L-type calcium channel blocker, nifedipine (25 µM).

Chemicals

Fura-2 AM was obtained from Invitrogen (Carlsbad, CA, USA). All other chemicals were 

obtained from Sigma (St Louis, MO, USA).

Statistics

Data were collected as repeated measures over time under different conditions. We tested 

only the effects of interest, using analysis of variance for repeated measures and a post hoc 

Fisher least significant difference test. The changes were considered significant if P<0.05. 

Data are presented as mean ± s.e.m.

RESULTS

To measure [Ca2+]i in the Af-Art, we loaded calcium sensitive fluorescence dye fura-2 into 

the perfusate. JG cells were easily identified by their morphology and location in the 

perfused Af-Arts (Figure 1). When an Af-Art was perfused with 60 mm Hg, the basal 

[Ca2+]i in the JG cells was 93.3 ± 2.2 nM (n=45). When we increased perfusion pressure to 

80, 100, 120 and 140 mm Hg, [Ca2+]i in JG cells were 111.3 ± 13.4 (n=6); 119.6 ± 7.3 

(n=6); 130.3 ± 2.9 (n=45); and 140.8 ± 12.1 nM (n=6), respectively, with P<0.05 for all 

manipulations (Figures 1 and 2). Linear regression is Y=55.7 ± 0.623X (r2=0.474, 

P<0.0001).

The [Ca2+]i in the JG cells was very sensitive to pressure changes from 60 to 80 mm Hg. 

When perfusion pressure was increased to 80 and 140 mm Hg, the [Ca2+]i in the JG cells 

responded in a linear manner. In the subsequent experiments, we used only one pressure 

change from 60 to 120 mm Hg. To demonstrate that the increases of pressure-induced 

[Ca2+]i in JG cells were reproducible, we performed time control experiments. When we 

increased the perfusion pressure of the Af-Art from 60 to 120 mm Hg, the [Ca2+]i in the JG 

cells increased from 95.5 ± 8.7 to 133.1 ± 9.2 nM. Then, we returned the perfusion pressure 

to 60 mm Hg for 30 min. When we increased the perfusion pressure of the Af-Art to 120 

mm Hg again, the [Ca2+]i in the JG cells increased from 99.2 ± 6.5 to 129.1 ± 5.9 nM (n=4, 

P<0.01 60 vs. 120 mm Hg), indicating the pressure-induced [Ca2+]i changes in the JG cells 

were reproducible.

To determine whether the pressure-induced increases in [Ca2+]i in the JG cells were 

mediated by mechanosensitive cation channels, we used Gd3+, a mechanosensitive cation 

channel blocker, as shown in Figure 3. In control experiments, when we increased perfusion 

pressure of the Af-Art from 60 to 120 mm Hg, the [Ca2+]i in the JG cells increased from 

84.3 ± 4.6 to 130.9 ± 11.5 nM (P<0.01). Then we returned the perfusion pressure to 60 mm 

Hg and added Gd3+ (30 µM) to the bath for 30 min. When we increased perfusion pressure of 
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Af-Art to 120 mm Hg again in the presence of Gd3+, the [Ca2+]i in the JG cells increased 

from 84.8 ± 6.3 to 94.6 ± 7.5 nm (n=5, P<0.05) compared with the control group at the same 

pressure (Figure 3). These data indicate that mechanosensitive cation channels mediate 

pressure-induced changes of [Ca2+]i in JG cells.

We next determined whether the pressure-induced increases of [Ca2+]i in the JG cells were 

due to the inhibition of PLC in the PLC–IP3 pathway, as shown in Figure 4.When we 

increased perfusion pressure of the Af-Art from 60 to 120 mm Hg, the [Ca2+]i in the JG cells 

increased from 98.2 ± 2.9 to 127.4 ± 8.1 nM (P<0.05). Then we returned the perfusion 

pressure to 60 mm Hg and added the PLC inhibitor U-73122 (10 µM) into the bath for 30 

min. The [Ca2+]i in the JG cells was 96.13 ± 4.0 nM. When we increased perfusion pressure 

of the Af-Art to 120 mm Hg again in the presence of U-73122, the [Ca2+]i in the JG cells 

was 134.2 ± 12.6 nM (n=5, P=NS compared with control group). These data indicate that 

pressure-induced changes in the [Ca2+]i in the JG cells did not involve changes in PLC.

To verify whether the pressure-induced increases of [Ca2+]i in the JG cells were from IP3 

sensitive calcium stores, we used an IP3 receptor inhibitor. When we increased perfusion 

pressure of the Af-Art from 60 to 120 mm Hg, the [Ca2+]i in the JG cells increased from 

92.2 ± 8.5 to 123.9 ± 5.6 nM (P<0.05). Then we returned the perfusion pressure to 60 mm Hg 

and added the IP3 receptor inhibitor 2-APB (100 µM) into the bath for 30 min. When we 

increased the perfusion pressure of the Af-Art to 120 mm Hg again in the presence of 2-

APB, the [Ca2+]i in the JG cells increased from 89.1 ± 9.5 to 127.9 ± 16.7 nM (n=3, P=NS 

compared with the control group; Figure 4). These data indicate that pressure-induced 

changes in the [Ca2+]i in JG cells were not from IP3-induced release of intracellular calcium 

stores. Because there were no significant differences between the controls for U-73122 and 

2-APB-treated groups, we combined the controls together in Figure 4.

To measure whether the pressure-induced increases in the [Ca2+]i in the JG cells were via 

membrane calcium channels, we first repeated the experiment in a calcium-free solution. 

When we increased perfusion pressure of the Af-Art from 60 to 120 mm Hg, the [Ca2+]i in 

the JG cells increased from 91.6 ± 7.8 to 130.7 ± 5.3 nM (P<0.01). Then we returned 

perfusion pressure to 60 mm Hg and used a calcium-free solution plus 5 µM EGTA both in 

the lumen and the bath for 10 min. When we increased the perfusion pressure of the Af-Art 

to 120 mm Hg again, the [Ca2+]i in the JG cells increased to only 96.0 ± 5.8 nM (n=5, P<0.05 

compared with the control group; Figure 5). These data indicate that pressure-induced 

changes of [Ca2+]i in JG cells was from extracellular sources via membrane channels.

To determine whether the pressure-induced increases in the [Ca2+]i in the JG cells involved 

store-operated calcium influx, we used a Ca2+-ATPase inhibitor. When we increased the 

perfusion pressure of the Af-Art from 60 to 120 mm Hg, the [Ca2+]i in the JG cells increased 

from 84.2 ± 2.8 to 116.2 ± 1.4 nM (P<0.05). Then we returned the perfusion pressure to 60 

mm Hg and added a calcium ATPase inhibitor, thapsigargin (1 µM), into the bath for 30 min. 

When we increased the perfusion pressure of the Af-Art to 120 mm Hg again in the presence 

of thapsigargin, the [Ca2+]i in the JG cells increased to 121.2 ± 4.1 nM (n=5, P=NS compared 

with the control group; Figure 6). These data indicated that the pressure-induced changes in 

the [Ca2+]i in the JG cells were not from store-operated calcium influx.
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We also studied whether the pressure-induced increases in [Ca2+]i in the JG cells were 

mediated by T-type calcium channels. In a control experiment, when we increased the 

perfusion pressure of the Af-Art from 60 to 120 mm Hg, the [Ca2+]i in the JG cells increased 

from 87.5 ± 5.9 to 128.4 ± 11.5 nM (P<0.05). Then we returned perfusion pressure to 60 mm 

Hg and added a T-type calcium channel blocker, pimozide (10 µM), to the bath for 30 min. 

When we increased the perfusion pressure of the Af-Art to 120 mm Hg again in the presence 

of pimozide, the [Ca2+]i in the JG cells increased from 97.3 ± 5.9 to 135.9 ± 22.0 nM (n=4, 

P=NS compared with the control group; Figure 6). These data indicate that the T-type 

channels did not cause pressure-induced changes in the [Ca2+]i in the JG cells.

To test whether N-type calcium channel causes pressure-induced increases of [Ca2+]i in JG 

cells, we measured [Ca2+]i levels during inhibition of this channel. When we increased the 

perfusion pressure of the Af-Art from 60 to 120 mm Hg, the [Ca2+]i in the JG cells increased 

from 102.8 ± 9.2 to 120.7 ± 2.6 nM (P<0.05). Then we returned the perfusion pressure to 60 

mm Hg and added an N-type calcium channel antagonist, ω-conotoxin GVIA (1 µM), to the 

bath for 30 min. When we increased the perfusion pressure of the Af-Art to 120 mm Hg 

again in the presence of ω-conotoxin GVIA, the [Ca2+]i in the JG cells increased to 126.3 ± 

11.9 nM (n=5, P=NS compared with the control group; Figure 6). These data indicate that the 

pressure-induced changes in the [Ca2+]i in the JG cells were not from N-type calcium 

channels. Because the controls for the above three groups were not significantly different, 

we combined the controls together in Figure 6.

To determine whether the pressure-induced increases of [Ca2+]i in the JG cells were 

mediated by L-type calcium channels, we used nifedipine, an antagonist of L-type calcium 

channels. In a control experiment, when we increased the perfusion pressure of the Af-Art 

from 60 to 120 mm Hg, the [Ca2+]i in the JG cells increased from 93.8 ± 7.3 to 138.4 ± 9.1 

nM (P<0.01). Then we returned the perfusion pressure to 60 mm Hg and added the L-type 

calcium channel blocker nifedipine (25 µM) to the bath for 30 min. When we increased the 

perfusion pressure of the Af-Art to 120 mm Hg again in the presence of nifedipine, the 

[Ca2+]i in the JG cells increased to only 105.8 ± 7.5 nM (n=5, P<0.05 compared with the 

control group; Figure 7). These data indicate that pressure-induced changes in [Ca2+]i entry 

into the JG cells were partially via L-type channels.

DISCUSSION

Ca2+ supports exocytosis in most secretory cells, but has an inverse relationship in only JG 

cells and the parathyroid gland.14 In JG cells, Ca2+ inhibits renin secretion, which is a major 

regulator of blood pressure and renal hemodynamics. During increases in Af-Art pressure, a 

myogenic response and a decrease in renin secretion by JG cells occurs.10–13 However, 

whether alterations in Af-Art pressure affect [Ca2+]i in JG cells and whether Ca2+ comes 

from extracellular or intracellular sources remains unknown.

We have shown that increases in Af-Art pressure causes increases in [Ca2+]i in JG cells. As 

the Af-Art pressure was increased from 60 to 140 mm Hg in a stepwise manner, the [Ca2+]i 

increased in a linear manner. Therefore, [Ca2+]i changes in JG cells during alterations in Af-

Art pressure are an excellent candidate for the regulation of renin release.
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Other new information provided by this study includes the sources of the increase in [Ca2+]i 

during elevation of Af-Art pressure. In our first study, we blocked pressure-gated 

mechanosensitive Ca2+ channels with gadolinium, as shown in Figure 3. Gadolinium has 

previously been shown to block these mechanosensitive channels in Af-Arts.35 The ability 

of this drug to block Ca2+ entry during high pressures demonstrates the importance of 

mechanosensitive channels in the [Ca2+]i of JG cells.

During different stimulations, multiple mechanisms may be involved in alterations of 

[Ca2+]i in JG cells, for example, voltage-gated L-type and T-type calcium channels;16,36 

endoplasmic reticulum intracellular calcium stores, including IP3 and ryanodine receptor 

sensitive stores;37–39 and store-operated calcium channels.39 Most research studying 

signaling of [Ca2+]i in JG cells are performed in cultured cells. To our knowledge, pressure-

induced alterations in [Ca2+]i in JG cells in perfused Af-Arts have not been studied.

First, we determined whether the source of the [Ca2+]i was intracellular or extracellular. We 

found that the pressure-induced Ca2+ entry into JG cells was markedly attenuated by 

perfusing JG cells with a calcium-free solution plus EGTA. However, inhibition of PLC and 

IP3 receptors had no effect on [Ca2+]i. These data indicate that the calcium increases in 

[Ca2+]i in the JG cells were primarily from extracellular sources.

A couple of elegant studies have emphasized the importance of [Ca2+]i in the Af-Art 

myogenic response and renin release. Inscho et al.40 found that calcium released from 

intracellular calcium stores has an important role in pressure-mediated Af-Art constriction. 

Increasing perfusion to 130 and 160 mm Hg reduced the Af-Art diameter. The pressure-

induced vasoconstriction was also significantly attenuated by Ca2+-ATPases or PLC 

inhibition. Schweda et al.39 reported that store-operated calcium influx is a powerful 

mechanism to inhibit renin secretion from JG cells. Renin secretion stimulated by 

isoproterenol was inhibited by endoplasmatic Ca2+-ATPases antagonists thapsigargin and 

cyclopiazonic acid, which appears contradictory to our results. We believe that the 

discrepancy in the Schweda data and the present experimental results is due to the different 

experimental models. The Schweda experiments were performed in isolated perfused 

kidneys. Increasing perfusion pressure inhibits reabsorbtion in the proximal tubule and 

raises flow rate and NaCl delivery to macula densa, which induces adenosine release. 

Adenosine or ATP acts on the Af-Art, inducing a tubuloglomerular feedback response. 

Either adenosine or ATP induces calcium mobilization by intracellular stores.41 In our 

preparation, we totally excluded confounding factors such as tubuloglomerular feedback 

(TGF), angiotensin II and the sympathetic nervous system. In addition, we specifically 

focused on JG cells.

Next, we measured which Ca2+ channel is involved in pressure-induced increases of [Ca2+]i 

in JG cells. Although we found no evidence that T channels have a role in JG cell Ca2+ 

entry, inhibition of L-type Ca2+ channels with nifedipine considerably decreased the [Ca2+]i 

in the JG cells. Therefore, a pattern has emerged indicating that the sources of increased JG 

cell Ca2+ levels under high pressure are predominately extracellular. The mechanosensitive 

channels may initiate Ca2+ entry, which could contribute to membrane depolarization and, in 
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turn, could open the voltage sensitive L-type Ca2+ channels. It is not clear why the T-type 

channels did not have a role in this response, but perhaps their density in JG cells is low.

A single dose (10 mg) of nifedipine exerts a potent arteriolar vasodilating action, resulting in 

a prompt fall in mean arterial pressure in hypertensive patients.42 Intravenous or intrarenal 

administration of nifedipine lower arterial pressure,43,44 increase renal blood flow (RBF) 

and glomerular filtration rate (GFR) by a preferential afferent dilatory mechanism45 and 

induce renin release.46 However, in our experiment, nifedipine had no effect on [Ca2+]i in 

JG cells when the Af-Art was perfused at 60 mm Hg, which is in agreement with the data 

from isolated perfused kidney and arterioles. In the isolated perfused kidney, when 

administered under basal conditions, nifedipine had no effect on renal perfusate flow, GFR 

or the diameter of Af-Art.35,47–50 When the perfusion pressure increased above 120 mm Hg, 

calcium antagonists nifedipine or verapamil showed a vasodilator effect.48,51,52 In 

microdissected and perfused Af-Arts, stimulation with nifedipine or verapamil in mice53 and 

rats54 did not change the intracellular calcium concentration of the arterioles when they were 

perfused at 60 mm Hg, potentially due to the lack of intrinsic renal vascular tone.

Recently, N-type calcium channels have reportedly been important in renin activity. A 

clinical trial showed that an N-type calcium channel blocker reduced plasma renin activity 

compared with amlodipine in hypertensive patients.55 An animal experiment revealed that 

renin mRNA expression was higher in renal cortical tissue of spontaneously hypertensive rat 

(SHR) than in Wistar Kyoto rat (WKY) and was not affected by an N-type calcium channel 

blocker.56 Therefore, we measured pressure-induced changes in [Ca2+]i in JG cells in the 

presence of an N-type calcium channel antagonist, ω-conotoxin GVIA.57,58 Our data did not 

support the involvement of N-type channels in the pressure-induced [Ca2+]i of the JG cells. 

However, in the above two reports,56,55 the calcium channel blocker used was cilnidipine, 

which is an L/N-type calcium blocker. We cannot exclude the possibility that cilnidipine is 

more potent than ω-conotoxin GVIA for N-type channels in JG cells, if it really exists in JG 

cells. In addition, we are not sure if there exists any interaction between N- and L-type 

channels.

The increase in [Ca2+]i in JG cells during high pressure may inhibit renin release. This could 

be caused by decreases in adenylyl cylase, as has been shown by Grunberger et al.59 in 

isolated JG cells. They concluded that the calcium-induced suppression of renin release in 

isolated JG cells was mediated by inhibition of adenylyl cyclase activity. Later experiments 

by Ortiz-Capisano et al.60 showed that a decrease in the adenylyl cyclase V isoform 

specifically caused a decrease in renin release during high cytosolic calcium condition.

In summary, this study has shown that [Ca2+]i in JG cells increase in isolated perfused Af-

Arts as perfusion pressure increases. The sources of this calcium are extracellular, 

specifically mechanosensitive cation channels and L-type Ca2+ channels. Increases in JG 

cell cytosolic calcium could be responsible for decreases in JG cell renin release.
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Figure 1. 
The perfused afferent arteriole and juxtaglomerular (JG) cells. Fura-2 AM-loaded JG cells 

excited at 340 nm. Perfusion pressure was increased from 60 (a) to 120 mm Hg (b); 

intensity of fura-2 signals in JG cells increased, accompanied by vasoconstriction. (c) Image 

of light microscopy showing JG cells. A full color version of this figure is available at the 

Hypertension Research journal online.
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Figure 2. 
The changes in juxtaglomerular (JG) cell [Ca2+]i while the afferent arteriole pressure was 

increased from 60 to 80, 100, 120 and 140 mm Hg, *All with P<0.05 vs. 60 mm Hg. Linear 

regression is Y=55.7 ± 0.623X (r2=0.474, P<0.0001).
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Figure 3. 
Juxtaglomerular (JG) cell [Ca2+]i changes induced by increases in afferent arteriolar 

pressure from 60 to 120 mm Hg with and without the mechanosensitive cation channel 

inhibitor gadolinium (Gd3+). The [Ca2+]i levels in the JG cells in the presence of Gd3+ (30 

µM) were significantly decreased compared with that of the control group at 120 mm 

Hg. #P<0.01 vs 60 mm Hg; *P<0.05 vs. 120 mm Hg control, n=5.
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Figure 4. 
Juxtaglomerular (JG) cell [Ca2+]i changes induced by increases in afferent arteriolar 

pressure from 60 to 120 mm Hg with and without the phospholipase C (PLC) or inositol 

triphosphate (IP3) inhibitors. The [Ca2+]i in JG cells in the presence of PLC inhibitor 

U-73122 (10 µM, n=5) or IP3 receptor inhibitor 2-APB (100 µM, n=3) was not significantly 

different from the control group at 120 mm Hg. *P<0.05 vs. respective 60 mm Hg controls.
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Figure 5. 
Juxtaglomerular (JG) cell [Ca2+]i changes induced by increases in afferent arteriolar 

pressure from 60 to 120 mm Hg with and without the calcium-free solution plus 5 µM EGTA. 

The [Ca2+]i in the JG cells in the presence of the calcium-free solution plus 5 µM EGTA was 

significantly decreased compared with that of the control group at 120 mm Hg. #P<0.01 vs. 

60 mm Hg; *P<0.05 vs. 120 mm Hg control, n=5.
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Figure 6. 
Juxtaglomerular (JG) cell [Ca2+]i changes induced by increases in afferent arteriolar 

pressure from 60 to 120 mm Hg with and without the Ca2+-ATPase, T- or N-type inhibitors. 

The [Ca2+]i in the JG cells in the presence of Ca2+-ATPase inhibitor thapsigargin (1 µM, 

n=5), T-type calcium channel blocker pimozide (10 µM, n=4), or N-type calcium channel 

blocker pimozide ω-conotoxin GVIA (1 µM, n=5) were not significantly different from the 

control group at 120 mm Hg. *P<0.05 vs. respective 60 mm Hg controls.
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Figure 7. 
Juxtaglomerular (JG) cell [Ca2+]i changes induced by increases in afferent arteriolar 

pressure from 60 to 120 mm Hg with and without the L-type calcium channel blocker 

nifedipine (25 µM). The [Ca2+]i in JG cells in the presence of nifedipine was significantly 

decreased compared with that of the control group at 120 mm Hg. #P<0.01 vs. 60 mm Hg; 

*P<0.05 vs. 120 mm Hg control, n=5.
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