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Glutamate Receptor-mediated Regulation of Rebal Function in Rats
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Glutamate (Glu) has been suggested as an osmoregulatory agent as its considerable
distribution in the renal corpuscles and in the epithelia of the collecting tubules,
revealed by the immunohistochemical studies. Using Western blotting analysis, we
found that the functional subunits of NMDA (N-methyl-D-aspartate) and AMPA ( a
-amino-3-hydroxy-5-methyl isoxazole-4-propionic acid) receptors were existed in the
renal cortex and medulla of rat. NMDAR1 migrates approximately at Mr = 118-kDa
as asingle band. GluR2 and GluR3 which compose AMPA receptor are showed as a
splitted band at about Mr =119 and 113-kDa. In order to elucidate the role of
intrarenal Glu may via NMDA or non-NMDA receptors on the regulation of renal
function except its osmotic regulation, we investigate the receptor-mediated effects of
Glu on renal hemodynamics and urine formation in anesthetized rats. Intrarenal
arterial (i.r.a.) infusion of Glu (1 01?1 03 u g/kg/hr) elicited a dose- dependent
decrease in cortical microvascular blood flow (CMBF) and increase in renal cortical
vascular resistance (RCVR) without changing renal blood flow (RBF) and mean
arterial blood pressure (MABP), indicating an intrarenal vasoconstrictory action of
Glu. The glomerular filtration rate (GFR) decrease marginally by 43%at 1 00?1 O
3w g/kg/hr. Infusion of Glu at the ratesof 1 01?1 03 u g/kg/hr decrease urine
output (UO). The urinary excretion of sodium were also decreasedat 1 01? 1 03
 g/kg/hr. These findings indicate that Glu is a potent intrarenal vasoconstrictory
amino acid with an antidiuretic and antinatriuretic actions. Treatment with selective
NMDA receptor antagonist 2-amino-5- phosphonovaleric acid (AP-5, 200 1 g/50 i
L/treat) partially, but significantly prevent the decreases of UO ~ GFR - CMBF and
increase of RCVR in Glu-treated group. L.r.a. infuision of NMDA 1 0-1?1 03 u
g/kg/hr also caused reduction of UO (at 1 02~ 1 03 wu g/kg/hr) and CMBF (at |
03 u g/kg/hr) similar to Glu, and this phenomenon can be reversed by AP-5. These
results support that Glu can act on MMDA receptors which may locate at renal
vasculature to regulate renal vasomotor function. The same trend was also found in
the AMPA-treated group. L.r.a. infusion of AMPA 1 O-1?1 02 u g/kg/hr decrease
UO(at 1 02 pgkghr)~GFR(at 1 01~ 1 02 ug/kg/hr)tothe same extent as
Glu, but not RBF ~ CMBF and RCVR. Treatment with AMPA receptor compeptitive
antagonist 6, 7- dinitroquinoxaline-2, 3-dione (DNQX, 31.3 1 g/50 1 L/bolus) in
Glu-treated group attenuate the declines of UO and GFR. These data indicate that
AMPA receptors may be participated in the Glu-regulated renal function. In addition,



we further investigate whether the intrarenal actions of Glu is via its uptake system in
the kidney. Coinfusion of Glu 1 02 ¢ g/kg/hr with Glu transporter inhibitor,
DL-threo-3-hydroxyaspartic acid (T-HAA) 400 pg/kg/hr, insignificantly reverse the
Glu-mediated decreases of UO and GFR but not CMBF, suggest that the intrarenal
actions of Glu is independent of uptake/transport system.

Decrease of CMBF and sodium excretion imply changes of the preglomerular
resistance and fluid compositions in the distal tubules by Glu, may activate intrarenal
tubuloglomerular feedback (TGF). Therefore, components of TGF mechanism were
studied as following. (1) Calcium influx via voltage-dependent Ca2+ channels (VOC)
in TGF effector site, afferent arterioles smooth muscle. Glu-mediated decreases in
UO -~ GFR and CMBF caused by elevated intracellular Ca2+ are also markedly
attenuated during coinfusion of VOC blocker, nifedipine 10 pg/kg/hr. This suggests
that the intrarenal actions of Glu is Ca2+ dependent. (2) Macula densa (MD)
adenosine 3&apos;, S&apos;-cyclic monophophate (cAMP) singal levels.
Administration of adenylate cyclase inhibitor, 2&apos;,5&apos;-dideoxyadenosine
(DDA) 200 1 g/kg/hr, reverse the changes of renal function by Glu. (3) Angiotensin
II (Ang 1II) as an initialmediator in TGF. Pretreatment with Ang-convertmg enzyme
inilibitor, captopril (Cap, iv 2 mg/kg), abolish the decrease of CMBF by Glu 1 (02
w g/kg/hr infusion but partially reverse the declines of UO ~ GFR. (4) Nitric oxide
(NO) as an interstitial signal in TGF. Lr.a. bolus NO synthase (NOS) inhibitor, N
G-nitro- ¢ -arginine methyl ester ( ¢ -NAME) 5 12 g/50 1« L, reverse the decrease ofUO
and GFRby Glu 1 01?1 03 p g/kg/hr but not CMBF. Selective neuronal NOS
inhibition blocks Glu-stimulated transduction between the MD and vasculature. (5)
Increased renal nerve activity may enhance TGF responses. Electrical stimulation on
renal nerves decreases sodium excretion ~ RBF and UO, enhances the release of renin
via /3 -adrenoceptor and formation of Ang II . After acute renal denervation, the
decrease of CMBF by Glu infusion was blunted but not UO ~ GFR. Therefore the
vasoconstrictory action of Glu correlates with the activation of renal nerve.
Coinfusion of Glu 1 02 u g/kg/hr with [ - adrenergic blocker, propranolol (Pro)
0.2 u g/kg/hr, also reverse the declines of UO ~ GFR and CMBF by Glu. Taken
together, these data suggest that the renal effects of 1.r.a. Glu infusion is due to
activation of TGF mechanism by its own receptors, and this effect requires the
presence of the renal nerves, elevation of intracelluar Ca2+ ~ cAMP in MD or
dymamics of renal vasculature via Ang II and /3 -adrenoceptor, or partially

dependent on NO.



