
Bayliss (1902) initially reported the arterial myogenic
response which may participate in the autoregulation of
capillary blood flow and pressure. In particular, kidneys
exhibit a remarkable capacity to maintain a constant
glomerular blood flow and pressure in the face of marked
variations in blood pressure (Navar et al. 1996). In
progressive renal diseases, renal autoregulatory capacity is
compromised, often in the presence of systemic hyper-
tension, resulting in the elevation of glomerular capillary
pressure, which leads to further glomerular injury
(Takenaka et al. 1992; Griffin et al. 1995). Furthermore,
renal failure presents serious medical and socio-economical
problems (Rettig & Levinsky, 1991). Investigations into the
mechanisms mediating renal autoregulation may provide a
framework for developing therapeutic strategies against
various renal diseases.

Previous studies demonstrated that a stronger myogenic
response was observed in arterioles than in arteries
(D’Angelo & Meninger, 1994). Indeed, although the
elevation of renal arterial pressure constricts all segments of
preglomerular vasculature, the afferent arteriole plays the
most important role in autoregulatory adjustments of renal
vascular resistance (Carmines et al. 1990). We have
previously demonstrated that in addition to tubulo-
glomerular feedback, an intact afferent arteriolar myogenic

response, mediated by the activation of voltage-dependent
calcium channels, is required for efficient autoregulation of
glomerular blood flow (Takenaka et al. 1994). Increasing
transmural pressure elicits gradual membrane depolarization
in renal vasculature (Harder et al. 1987). Although chloride
channels underlie myogenic responses in cerebral arteries
(Nelson et al. 1997), recent studies indicate that calcium-
activated potassium or chloride channels are not involved in
afferent arteriolar myogenic constriction (Loutzenhiser &
Parker, 1994; Takenaka et al. 1996a). Thus, the ionic
mechanisms mediating alterations of membrane potential
by pressure in the afferent arteriole are still not clear.

In order to assess the relationship between pressure-induced
channel activation and afferent arteriolar constrictor
responses, we examined the involvement of mechanosensitive
cation channels (Yang & Sachs, 1989) in myogenic responses,
using isolated perfused hydronephrotic kidneys, which
enable direct visualization of renal microvascular behaviour
free from influences of tubuloglomerular feedback (Takenaka
et al. 1996a). Our present findings provide evidence that the
elevation of pressure gates mechanosensitive cation channels
on the afferent arteriole, thereby eliciting membrane
depolarization and consequently activating voltage-
dependent calcium channels.
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1. In order to assess ionic mechanisms mediating renal afferent arteriolar myogenic constriction,
experiments were performed using isolated perfused hydronephrotic rat kidneys.

2. Increasing pressure progressively constricted the afferent arteriole (−0·26 ± 0·02% mmHg¢,
n = 21, r = 0·97). Gadolinium (10 ìÒ), a mechanosensitive cation channel blocker, abolished
this myogenic constriction. However, high potassium media (30 mÒ) constricted the afferent
arteriole in the presence of gadolinium.

3. Lowering extracellular sodium concentration gradually attenuated afferent arteriolar
myogenic constriction. In the perfusate containing 50 mÒ sodium, the myogenic response
was arrested.

4. Afferent arteriolar myogenic constriction was prevented in calcium-free perfusate or by the
L-type calcium channel blocker diltiazem (10 ìÒ).

5. Our present findings provide evidence that increasing pressure gates mechanosensitive
cation channels on the afferent arteriole, thereby eliciting membrane depolarization and
activating voltage-dependent calcium channels.
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Part of the data in this manuscript was presented at the
29th annual meeting of the American Society of Nephrology
in New Orleans, LA, USA (Takenaka et al. 1996b), and
Experimental Biology 98 in San Francisco, CA, USA
(Takenaka et al. 1998).

METHODS

Adult male Sprague—Dawley rats (Charles River Japan, Atsugi,
Kanagawa, Japan) had free access to food and water. Animals were
anaesthetized with ether (Showa Chemicals, Tokyo, Japan), and the
right ureter was ligated via a small abdominal incision, using sterile
techniques. Anaesthesia was administered to the animals by
inhalation of ether in a glass chamber, and maintained by nasal
inhalation in an air-conditioned room. The depth of anaesthesia
was assessed by loss of corneal reflex. The abdomen was then closed
and the animals were allowed to recover. After 8—12 weeks from
the surgery (Marin-Grez et al. 1986), the rats were again
anaesthetized with ether, and the right renal artery was cannulated
by introducing a perfusion cannula across the aorta through a
superior mesenteric artery. Perfusion with warm, oxygenated
physiological saline solution (PSS, pH 7·4) was initiated during this
cannulation procedure. PSS consisted of (mÒ): 140 NaCl, 5 KCl,
2 CaClµ, 1 MgClµ, 5 Hepes and 5 glucose. The kidney was then
excised and placed on the stage of an inverted microscope (model
T041, Olympus), which accommodated a heat table equipped with
a thin glass viewing port at the bottom. After the kidney was
removed, the rat was exsanguinated under anaesthesia.

The kidney was provided with perfusate from a pressurized
chamber. The chamber pressure was maintained by the inflow of
warm, hydrated, oxygenated gas, which exited through an
adjustable back-pressure regulator (model 10BP, Fairchild
Industrial Products, Winston Salem, NC, USA). Perfusion
pressure, which was measured at the level of the renal artery, could
be varied arbitrarily by altering the rate of gas exit, and was
maintained at 80 mmHg except during pressure protocols. The
kidneys were allowed to equilibrate in perfusate for at least 30 min
before initiating experimental protocols. Myogenic responses were
obtained by stepwise increases in perfusion pressure. Renal arterial
pressure was kept constant for at least 2 min before further
alterations were made (Takenaka et al. 1996a). Video images of
renal microvessels were obtained using a CCD video camera (model
ICD_42AC, Ikegami, Tokyo, Japan) and recorded by a
videocassette recorder (model EVO_9850, Sony). To determine the
vessel diameter, the video recording was transmitted to an IBM-AT
computer equipped with a display board (model TARGA+,
Truevision, Indianapolis, IN, USA). Vessel diameters were
estimated by an automated program custom designed to determine
the mean distance between parallel vessel walls. Arteriolar
diameters were obtained during the plateau of the response. A
segment of afferent arteriole near the interlobular artery (Takenaka
et al. 1994), approximately 10 ìm in length, was scanned at 2—5 s
intervals.

In the first series of studies, the effects of gadolinium on afferent
arteriolar myogenic constriction were assessed. Gadolinium was
selected as a pharmacological probe because it potently blocks
mechanosensitive cation channels, but seems to be cell impermeant
(Yang & Sachs, 1989). Initially, basal afferent arteriolar responses
to pressure changes were observed. Then, the kidneys (n = 6) were
exposed to increasing doses of gadolinium (1—10 ìÒ). Pressure
changes were made at each concentration of gadolinium. Finally, in

the presence of 10 ìÒ gadolinium, the potassium concentration of
perfusate was isosmotically increased to 30 mÒ by adding
potassium-rich solution, in which KCl was substituted for NaCl
(Loutzenhiser et al. 1989). In complementary studies (4 kidneys),
effects of increasing doses of gadolinium (1 ìÒ to 1 mÒ) on afferent
arteriolar constriction by KCl-induced depolarization were studied.

In the second series of experiments (6 kidneys), the effects of
isosmotic lowering of extracellular sodium concentration on afferent
arteriolar myogenic constriction were examined. After basal
myogenic responses were observed, sodium concentration was
decreased to 100, 70 and 50 mÒ by adding sodium-free media, in
which NaCl was replaced with N-methyl-ª_glucamine chloride.
Pressure challenge was done at each sodium concentration. Finally,
the influence of high potassium media (30 mÒ) was assessed. In
separate studies, the effects of the cation channel inhibitors
tetrodotoxin (1 and 3 ìÒ) and streptomycin (10 and 100 ìÒ) (4
kidneys for each) on afferent arteriolar myogenic constriction were
examined (Oka, 1995; Hamill & McBride, 1996).

In the third group, the kidneys (n = 5) were perfused with calcium-
free media containing 2 mÒ EGTA (Hishikawa et al. 1994) after
basal pressure responses had been obtained. Subsequently, pressure
challenge was performed. Then, the perfusate was returned to
normal PSS and pressure responses were again observed. In
additional experiments (4 kidneys), influences of diltiazem (10 ìÒ)
on afferent arteriolar constriction during myogenic stimulation and
KCl-induced depolarization were evaluated (Takenaka et al. 1996a).

All experimental procedures described above were approved by our
institutional committees. Gadolinium chloride was obtained from
Aldrich, and the other chemicals were purchased from Sigma. Data
are expressed as means ± s.e.m. Statistical differences were checked
with regression analysis or analysis of variance followed by
Neumann—Kuels test. P < 0·05 was considered significant.

RESULTS

As shown in Fig. 1A, increasing perfusion pressure elicited
progressive afferent arteriolar constriction. Gadolinium
inhibited the afferent arteriolar myogenic constriction in a
dose-dependent manner. Significant inhibition of afferent
arteriolar myogenic constriction was observed with 3 ìÒ
gadolinium (Fig. 1C). At 10 ìÒ, gadolinium abolished
myogenic constriction (Fig. 1D). Mean data from seven
afferent arterioles are described below. In the control
condition, increasing pressure from 80 to 120 mmHg
constricted afferent arterioles by 13 ± 2% (from 20·5 ± 0·9
to 17·5 ± 1·0 ìm, n = 7, P < 0·01). Elevating pressure to
160 mmHg elicited further afferent arteriolar constriction
by 20 ± 2% (to 15·8 ± 0·9 ìm, P < 0·01). Although the
addition of 1 ìÒ gadolinium did not alter afferent arteriolar
myogenic responsiveness, 3 ìÒ gadolinium exerted an
attenuative effect (P < 0·05 vs. respective controls at each
pressure). Thus, in the presence of gadolinium (3 ìÒ),
increasing pressure from 80 to 160 mmHg decreased afferent
arteriolar diameter by only 11 ± 2% (from 20·1 ± 1·0 to
17·3 ± 0·9 ìm, P < 0·01). At 10 ìÒ, gadolinium abolished
myogenic constriction (20·1 ± 1·0 ìm at 80 mmHg vs.

19·5 ± 0·8 ìm at 160 mmHg), providing pharmacological
evidence that mechanosensitive cation channels are involved
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Figure 1. Representative tracings illustrating the effects of gadolinium (1—10 ìÒ) on myogenic

constriction of single afferent arterioles

In the control state (A), the elevation of renal arterial pressure (RAP) from 80 to 120 mmHg decreased
afferent arteriolar diameter from 20·5 to 17·1 ìm. Further raising of the pressure to 160 mmHg constricted
the afferent arteriole to a diameter of 15·6 ìm. Although gadolinium did not alter myogenic responsiveness
at 1 ìÒ (B), 3 ìÒ gadolinium attenuated myogenic constriction (C). In the presence of 3 ìÒ gadolinium,
increasing pressure from 80 to 160 mmHg considerably reduced afferent arteriolar diameter, from 20·1 to
17·6 ìm. Afferent arteriolar myogenic constriction was abolished by 10 ìÒ gadolinium (D).
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Figure 2. Influences of gadolinium (GdÅ¤) on afferent arteriolar

constriction by KCl (30 mÒ)-induced depolarization

*Significant difference from basal value.

Figure 3. Effect of decreases in extracellular sodium concentration on arteriolar myogenic

constriction and active force development

A, impact of lowering extracellular sodium concentration on afferent arteriolar myogenic constriction. 1, 0,
7 and6 represent 140, 100, 70 and 50 mÒ sodium in the media, respectively. *Significant difference from
respective basal value at 80 mmHg. B, effects of varing extracellular sodium concentrations on afferent
arteriolar active force development at a renal arterial pressure of 160 mmHg. Active arteriolar force was
calculated from changes in diameters, and is expressed as percentage changes from passive tension of each
arteriole at 160 mmHg. Data from single afferent arterioles are connected with dotted lines. Continuous
line indicates the best-fitting curve for a total of 28 data points obtained using regression analysis:

Vm = 58log{([Na¤] − 360 + ([Na¤]Â + 730[Na¤] + 170 000)
½

)Ï750},

Active force = −0·9 + 1·6(130 − Vm){1 + exp[(Vm + 2·7)Ï7·4]}¢{1 + exp[(−3·7 − Vm)Ï7·4]}¢,

(tolerance < 0·0001), where [Na¤] indicates extracellular sodium concentration.



in arteriolar myogenic response. Furthermore, in the
presence of gadolinium (10 ìÒ), the isosmotic increase in
potassium concentration of the medium to 30 mÒ, which
exclusively activates voltage-dependent calcium channels
(Loutzenhiser et al. 1989), constricted afferent arterioles by
41 ± 4% (from 20·0 ± 0·9 to 11·8 ± 0·7 ìm, P < 0·01).

Since gadolinium may interact with voltage-dependent
calcium channels (Lansman, 1990; Davis et al. 1992), which
are required for intact myogenic constriction (Takenaka et

al. 1994), the effects of increasing doses of gadolinium on
KCl-induced afferent arteriolar constriction were examined,
and the data are summarized in Fig. 2. High potassium
(30 mÒ) solutions constricted afferent arterioles by 43 ± 3%
(from 18·9 ± 0·6 to 11·3 ± 1·0 ìm, n = 5, P < 0·01).
Although 1 mÒ gadolinium reversed KCl-induced afferent
arteriolar constriction, to a diameter of 18·6 ± 0·8 ìm (n.s.
vs. control), 10 ìÒ gadolinium did not modify KCl-induced
decrements in afferent arteriolar diameter, arguing against
interactions between gadolinium (up to 10 ìÒ) and voltage-
dependent calcium channels in the renal microcirculation.

The effects of isosmotic decreases in extracellular sodium
concentration, which reduce the electrochemical gradient for
sodium, on the afferent arteriolar myogenic response were

assessed (Fig. 3A). In the basal state, afferent arteriolar
myogenic constriction was well preserved. The afferent
arteriolar myogenic responsiveness was significantly
diminished with 100 mÒ sodium. Thus, in low (100 mÒ)
sodium media, the elevation of pressure from 80 to
120 mmHg reduced afferent arteriolar diameter by only
6 ± 1% (from 20·3 ± 0·7 to 19·0 ± 0·7 ìm, n = 7, P < 0·05).
A further increase in pressure to 160 mmHg constricted
afferent arterioles by 10 ± 2% (to 18·3 ± 0·7 ìm, P < 0·01).
At 70 mÒ sodium, the elevation of pressure from 80 to
120 mmHg failed to constrict afferent arterioles (from
20·5 ± 0·8 to 20·0 ± 0·7 ìm). In the perfusate containing
50 mÒ sodium, afferent arteriolar myogenic constriction was
abolished (20·8 ± 0·7 ìm at 80 mmHg vs. 20·4 ± 0·7 ìm at
160 mmHg). However, in low sodium solutions (50 mÒ),
increasing potassium concentration to 30 mÒ constricted
afferent arterioles by 38 ± 5% (from 20·7 ± 0·6 to
12·8 ± 0·5 ìm, P < 0·01).

Figure 4 demonstrates the influences of cation channel
blockers on afferent arteriolar myogenic responses. As
depicted in Fig. 4A, in the presence of tetrodotoxin (1 ìÒ),
the elevation of pressure from 80 to 160 mmHg decreased
afferent arteriolar diameter by 21 ± 3% (n = 5, P < 0·01).
When the kidneys were treated with 3 ìÒ tetrodotoxin,
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Figure 4. Effects of cation channel inhibitors on afferent

arteriolar constriction

A, influence of tetrodotoxin on afferent arteriolar constriction by
increasing renal arterial pressure. 1, 0 and7 represent values obtained
during the control condition and in the presence of 1 and 3 ìÒ
tetrodotoxin, respectively. *Significantly different from respective basal
value at 80 mmHg. B, effects of streptomycin on afferent arteriolar
constriction by increasing RAP. 1, 0 and7 represent values obtained
during the control condition, and in the presence of 10 and 100 ìÒ
streptomycin, respectively. *Significantly different from respective basal
value at 80 mmHg.



raising pressure from 80 to 160 mmHg elicited a 19 ± 3%
reduction in afferent arteriolar diameter. Thus, tetrodotoxin,
a voltage-dependent sodium channel blocker, failed to alter
afferent arteriolar myogenic responsiveness. Figure 4B
illustrates the effects of streptomycin, a putative mechano-
sensitive cation channel blocker, on afferent arteriolar
myogenic constriction. In contrast to tetrodotoxin,
streptomycin manifested a dose-dependent inhibition of
myogenic constriction. Thus, at 10 ìÒ, streptomycin
attenuated the magnitude of decrements in afferent
arteriolar diameter induced by the elevation of pressure
from 80 to 160 mmHg (20 ± 2 vs. 9 ± 1%, n = 6,
P < 0·05). Furthermore, at 100 ìÒ, streptomycin blocked
afferent arteriolar myogenic constriction. Finally, in the
presence of 100 ìÒ streptomycin, an isosmotic increase in
potassium concentration to 30 mÒ constricted afferent
arterioles from a diameter of 21·1 ± 1·0 to 13·5 ± 0·8 ìm
(P < 0·01).

Since mechanosensitive cation channels carry calcium ions,
the electrochemical gradient for calcium was physically
reversed by calcium-free solutions. As shown in Fig. 5A,
afferent arteriolar myogenic responsiveness was well
preserved in PSS. When calcium-free medium was applied,
afferent arteriolar myogenic constriction was blocked
(21·6 ± 1·0 ìm at 80 mmHg vs. 22·0 ± 1·1 ìm at
160 mmHg, n = 6). Following the exchange of calcium-free
perfusate for PSS, increasing pressure from 80 to
160 mmHg decreased afferent arteriolar diameter by
19 ± 2% (from 21·4 ± 1·0 to 17·7 ± 0·9 ìm, P < 0·01),
serving as time controls. Since voltage-dependent calcium

channels are present on the afferent arteriole (Loutzenhiser
et al. 1989), a separate series of experiments was performed
to assess the effects of the calcium antagonist diltiazem
(10 ìÒ) on afferent arteriolar myogenic constriction (Fig. 5B).
This dose of diltiazem was chosen because previous results
showed that it did not deplete intracellular calcium stores
under our experimental conditions (Takenaka et al. 1996a).
Afferent arteriolar myogenic constriction was inhibited by
diltiazem (20·2 ± 1·1 ìm at 80 mmHg vs. 19·5 ± 1·2 ìm at
160 mmHg, n = 5), suggesting that the magnitude of the
increase in cytosolic calcium by calcium influx through
mechanosensitive cation channels is insufficient to induce
pressure-induced vasoconstriction. In addition, diltiazem
(10 ìÒ) prohibited afferent arteriolar constriction by KCl-
induced depolarization (to 19·7 ± 1·0 ìm).

DISCUSSION

Cells respond to mechanical stimuli (Morris, 1990). For
example, plant roots respond to gravity. Stretch of atrial
muscle stimulates the secretion of natriuretic peptide (Laine
et al. 1994). These responses are inhibited by gadolinium, a
potent mechanosensitive cation channel blocker (Yang &
Sachs, 1989). Increasing pressure raises the tension of the
vascular wall (Bayliss, 1902). Mechanosensitive cation
channels could participate in initiating this myogenic
response. Since mechanosensitive cation channels conduct,
rather non-specifically, mono- and divalent cations including
potassium, sodium and calcium (Yang & Sachs, 1989; Davis
et al. 1992), the reversal potential for mechanosensitive

T. Takenaka and others J. Physiol. 511.1250

Figure 5. Role of calcium in afferent arteriolar myogenic constriction

A, effects of calcium-free solution on afferent arteriolar myogenic constriction. 1, 0 and 7 represent values
obtained with normal PSS, calcium-free solution and re-application of PSS, respectively. *Significant
difference from respective basal value at 80 mmHg. B, impact of diltiazem on afferent arteriolar myogenic
responsiveness. 1 and 0 represent control condition and presence of diltiazem (10 ìÒ), respectively.
*Significantly different from basal value at 80 mmHg.



cation channels on vascular smooth muscle cells in PSS was
reported as −15 mV (Davis et al. 1992), which is
substantially higher than the resting potential. The increase
in open probability of mechanosensitive cation channels on
arteriolar myocytes by pressure should elicit substantial
membrane depolarization. Our present results show that
gadolinium blocks myogenic constriction in afferent arterioles,
and further provide evidence that mechanosensitive cation
channels mediate alterations in the membrane potential of
afferent arterioles during myogenic activation.

This notion is supported by the present demonstration that
low sodium solutions attenuate afferent arteriolar myogenic
constriction. In addition, afferent arteriolar myogenic
constriction was prevented by streptomycin, another
mechanosensitive cation channel blocker (Hamill & McBride,
1996), but not by tetrodotoxin, a specific inhibitor of
voltage-dependent sodium channels (Oka, 1995).
Collectively, these results suggest that sodium conductance
through mechanosensitive cation channels constitutes an
important determinant of afferent arteriolar myogenic
responsiveness. Membrane potential (Vm) was estimated
according to the Goldman—Hodgkin—Katz constant field
equation:

B − A + Y
½

Vm = 58log (––––––––),
2(A + 4PCa[Ca¥]é)

where:

A = PNa[Na¤]é + PK[K¤]é,

B = PNa[Na¤]ï + PK[K¤]ï,

Y = (B − A)Â + 4(A + 4PCa[Ca¥]é)(B + 4PCa[Ca¥]ï),

P represents the permeability of each ion, and i and o
indicate intracellular and extracellular, respectively
(Sperelakis, 1979). Because arteriolar tension is proportional
to both pressure and diameter (Laplace’s law), active force
development (F) induced by elevating perfusion pressure (P)
relates to the difference between purely passive (non-
distensive) and given arteriolar diameters (D):

F = Constant ² P ² (D80mmHg − D160 mmHg).

The diameter at 80 mmHg was taken as a passive one,
because increasing pressure from 80 to 160 mmHg did not
alter afferent arteriolar diameter in calcium-free media
(Fig. 5A). Since calcium antagonists block afferent arteriolar
myogenic constriction (Fig. 5B), active force depends on
calcium entry through voltage-dependent calcium channels,
which can be calculated from the product of the difference
between membrane potential and calcium equilibrium
potential (ECa − Vm), the availability of calcium channels to
open ({1 + exp[(Vm − Vi)Ïk]}¢, where Vé is the voltage at
which half the calcium channels should be inactivated), open
probability of calcium channels ({1 + exp[(Vo − Vm)Ïk]}¢,
where Vï is the voltage at which the open probability of the
calcium channels is 50%), and a factor related to single
channel conductance and the number of calcium channels.

As shown in Fig. 3B, our data are in agreement with this
premise (Lee & Tsien, 1983; McDonald et al. 1986).

We have not, however, extended our investigations to
single-channel responses to pressure-utilizing patch clamp
methods, because the patch itself might generate artifacts
such as sucking effects on cell membrane, possibly giving
misleading results (Morris & Horn, 1991; Sokabe et al.

1991). Furthermore, since the afferent arteriole responds
very actively to variations in pressure, non-invasive
methods including video microscopy are uniquely suited for
the investigation of afferent arteriolar behaviour (Casellas &
Moore, 1993; Takenaka et al. 1994). Finally, patch clamp
would produce morphological changes in arterioles, making
both an intact arteriolar response to pressure and accurate
measurement of diameter impractical.

In cerebral arteries, endothelial cells could produce vaso-
constrictors in response to pressure alterations, mediating
pressure-induced constriction (D’Angelo & Meninger, 1994).
Indeed, endothelial cells possess mechanosensitive cation
channels which respond to the variations in pressure
(Lansman et al. 1987; Sokabe et al. 1991). The possibility
remains that calcium entry through mechanosensitive cation
channels into endothelial cells may prompt the release of
vasoconstrictors. However, Nelson et al. (1997) have recently
demonstrated the presence of myogenic tone in cerebral
arteries without endothelium. Similarly, previous data
indicate that endothelial removal does not inhibit renal
autoregulatory responses (Liu et al. 1989; Navar et al. 1996).
Furthermore, afferent arteriolar myogenic constriction was
preserved after immunological removal of endothelial cells
(Juncos et al. 1995). The present results also argue against a
mediatory role of the endothelium in afferent arteriolar
myogenic constriction. Although lowering extracellular
sodium may alter the membrane potential of endothelial
cells, the lack of voltage-dependent calcium channels on
these cells (Demirel et al. 1993) precludes membrane
potential-dependent changes in cytosolic calcium and
release of vasoconstrictor (Fig. 3B). Collectively, these data
suggest that afferent arteriolar myocytes possess all the
components (from the sensor to the effector) that are
essential for myogenic constriction.

We previously showed that the stimulation of phospho-
lipase C with intracellular calcium mobilization plays a
crucial role in arterial myogenic response (Hishikawa et al.

1994). However, in the present study, we have demonstrated
that afferent arteriolar myogenic constriction is inactivated in
calcium-free media. Furthermore, our preliminary results
suggest that 200 ìÒ 2-nitro-4-carboxyphenyl-N,N-diphenyl-
carbamate, an inhibitor of phospholipase C (Takenaka et al.
1997), does not alter afferent arteriolar myogenic
constriction, suggesting a small role of calcium mobilization
in arteriolar myogenic responses. Our findings indicate that
the calcium equilibrium potential or calcium entry itself
plays a crucial role in afferent arteriolar myogenic
constriction. On vascular smooth muscle cell membrane, the
density of voltage-dependent calcium channels is much
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higher than that of mechanosensitive cation channels (Yang
& Sachs, 1989; Nelson et al. 1990). The present data
indicate that afferent arteriolar myogenic constriction is
inhibited by 10 ìÒ diltiazem, a calcium antagonist
(Takenaka et al. 1996a). Our results are consistent with
those cited above (Yang & Sachs, 1989; Nelson et al. 1990),
and suggest that although increased calcium conductance
through mechanosensitive cation channels could contribute
to the membrane depolarization process, calcium entry
through voltage-dependent calcium channels is a requisite
for active afferent arteriolar constriction during myogenic
stimulation.

In summary, our present data provide the first evidence
that increasing pressure gates mechanosensitive cation
channels on afferent arterioles, thereby eliciting membrane
depolarization and consequent activation of voltage-
dependent calcium channels.
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