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Background: NMDA-type glutamate receptors in the prefrontal 

cortex (PFC) are critically involved in cognitive functions and 

behaviour. Angiotensin II (Ang II) has been reported to influence 

learning and memory in behavioural tests. The aim of the present 

study was to investigate the effect(s) of Ang II on NMDA receptor 

function in layer V pyramidal cells of the PFC by means of patch 

clamp technique. 

Methods: Brain slices were prepared from 10–11-day-old rats, and 

whole-cell patch clamp access was established in layer V pyramidal 

cell of the PFC. The cells were continuously superfused (2.5–3 

ml/min) with artificial cerebrospinal fluid (aCSF). NMDA (30 μM), 

applied 3 times for 1.5 min with 10-min intervals between applica-

tions, induced inward currents (T1–3). Ang II (or in some experiments 

Ang IV) was applied 5 min before and during T3. If receptor antago-

nists or tetrodotoxin were tested, they were present in the aCSF 

during the whole experiment. In some experiments Ca2+ was omitted 

from the aCSF. The effects at T3 were presented as T3 / T2 ratio. More 

than ±  15 % change at T3 compared to T2 was considered as an effect. 

The T3 / T2 ratios were summarized as mean ± SEM of n experiments. 

One-way ANOVA followed by Bonferroni’s t-test were used for 

statistical analysis; p < 0.05 was considered statistically significant. 

Results: Ang II (0.003–1 µM) significantly potentiated the NMDA 

currents in a subpopulation (30–50 %) of the pyramidal cells. This 

potentiation was reversed by the AT1 receptor antagonist eprosartan 

(1 µM), while the AT2 receptor antagonist PD 123319 (5 μM) failed to 

influence the Ang II–NMDA interaction. Synaptic isolation of 

pyramidal neurons by a Ca2+-free medium or tetrodotoxin (0.5 μM) 

abolished the augmentation of NMDA currents by Ang II. The 

dopamine D1 receptor antagonist SCH 23390 (10 μM) interfered with 

the Ang II-induced potentiation, while the D2 receptor antagonist 

sulpiride (20 μM) failed to influence it. In a subset of pyramidal 

neurons (30–35 %) NMDA responses were significantly reduced in 

response to high concentrations of Ang II (1–3 μM). These effects 

were not influenced by Ang II receptor (AT1 or AT2) antagonists but 

were mimicked by Ang IV (0.1 μM). Ca2+-free medium or tetrodotoxin 

failed to influence these inhibitory effects. 

Discussion: Ang II administration resulted in dual effects on the 

NMDA receptors in layer V pyramidal cells of the rat PFC. At lower 

concentrations (0.003–1 µM) it potentiated the NMDA currents in a 

subpopulation of these cells. This stimulatory effect could be reversed 

by the AT1 receptor antagonist eprosartan, the D1 receptor antagonist 

SCH 23390 as well as by synaptic isolation of pyramidal neurons. It 

suggests that the activation of AT1 receptors occurs on interneurons 

resulting in dopamine release from these neurons and this dopamine, 

by activating D1 receptors, potentiates the NMDA currents in layer V 

pyramidal cells. Inhibition of NMDA currents in response to high 

concentration of Ang II (1–3 µM) in another subpopulation of the 

pyramidal neurons may be the consequence of conversion of Ang  II 

to Ang IV. 

 

 ________________________________  

 *Corresponding author e-mail: koles.laszlo@med.semmelweis-univ.hu 


