
  
 

1 
 

Research article 

Article id: JCNN-20-02 

 

Article Id: BSJ-20-e01 

Journal of Clinical Neurology and Neuroscience 

 

 

The Effect of L-Name and L-Arginine on the Pool of Free Amino 

Acids in the Hippocampus of Rats with Subtotal Cerebral Ischemia 

Razvodovsky YE
1*

, Smirnov VY
2
, Doroshenko EM

2
, Bon EI

2
, Pereverzev VA

4
, Maksimovich NYe

2
 

and Semenenya IN
1
 

1
Institute Biochemistry of Biologically Active Substances, Academy of Science of Belarus, Republic of Belarus 

2
Grodno State Medical University, Republic of Belarus 

3
Belarusian State Medical University, Republic of Belarus  

 

Abstract 

Objective: The aim of the study was to characterize the changes in the 

pool of amino acids and biogenic amines in the hippocampus of rats with 

subtotal cerebral ischemia (SCI) after combined administration of L-

NAME and L-arginine. 

Materials and methods: Experiment was made on 18 rats: 12 animals 

were undergoing 2-hour bilateral filament occlusion of arteries carotid, 6 

of them were treated with L-NAME (5 mg/kg) and L-arginine (100 

mg/kg). The analyses of the levels of free amino acids and their derivates 

in the supernatant of protein-free tissue homogenates extracts were 

carried out by reversed-phase liquid chromatography using an Agilent 

1100 chromatograph.  

Results: Subtotal cerebral ischemia caused an increase in the levels of 

phenylalanine, histidine, glutamine, α-aminobutyrate (α-ABA), and 

branched chain amino acids (BCAAs) as well as a decrease in the 

concentrations of threonine, tyrosine, lysine, and α-aminoadipinic acid 

(αAAA). Administration of L-arginine and L-NAME partially prevented 

the imbalance of the amino acids pool, caused by SCI, by preventing the 

changes in the levels of phenylalanine, histidine, glutamate, -

aminobutirate, -aminoadipine acid.  

Conclusions: Preventive injection of L-arginine and L-NAME alleviate 

the imbalance in the pool of free amino acids and biogenic amines in the 

hippocampus caused by SCI, and normalize the serotonin system. 
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Introduction 

Ischemic stroke is a leading cause of disability and mortality in developed countries of the world (1,2). A 

heavy burden of economic losses related to this pathology has been predicted due to ageing of the population 

(1). A relevant task is to increase the efficiency of stroke treatment by application of biologically active 

compounds and natural metabolites. In this aspect, promising seem to be amino acids and their derivatives 

which play an important role in functioning of nervous tissue (3-5). 

Being a precursor of nitrogen monoxide (NO) involved in regulation of vascular tone, amino acid L-arginine 

is important in metabolic processes (6). Experimental and clinical verifications are available of L-arginine 

biological activity under various pathologies, including ischemic stroke (7). One of the studies showed that 

application of L-arginine in addition to standard treatment of patients with ischemic stroke exerted a positive 

effect on the course of the disease, accelerated locomotor function recovery and contributed to a decrease in 

spastic muscle tone (1). 

The accumulated data indicate an important role of NO in the pathogenesis of ischemic stroke (6,8). The 

application of non-selective inhibitors of NO synthase in ischemic cerebral damage exerted a 

neuroprotective effect (6). Research using a rat model of focal cerebral ischemia demonstrated that a single 

administration of the NO synthase inhibitor L-NAME exerted a protective effect, manifested in a reduction 

of the infarction zone (8).  

The goal of the study was to characterize the changes in the pool of amino acids and biogenic amines in the 

hippocampus of rats with subtotal cerebral ischemia (SCI) after combined administration of L-NAME and 

L-arginine. 

Materials and Methods 

Experiment was made on 18 rats: 12 animals were undergoing 2-hour bilateral filament occlusion of arteries 

carotid, 6 of them were treated with L-NAME (5 mg/kg) and L-arginine (100 mg/kg).  Animals of the 

control group falsely operated without ligation of the common carotid artery. Surgery procedures were 

carried out under conditions of intravenous thiopental anesthesia (60 mg/kg). The fragments of the 

hippocampus were separated from the excavated rats brain and then freezed in liquid nitrogen.  

Preparation of the sample for the study includes homogenization in tenfold volume of 0.1 M perchloric acid, 

centrifugation for 15 min at 13000 g and 4 °C with subsequent separation of the liquid supernatant. 

Compounds determined include proteinogenic amino acids, ornithine, citrulline and related compounds 

(taurine, hydroxyproline, aminobutyrate and ethanolamine). 

The analyses of the levels of free amino acids and their derivates in the supernatant of protein-free tissue 

homogenates extracts were carried out by reversed-phase liquid chromatography using an Agilent 1100 

chromatograph. 

Statistical data processing was performed using StatSoft "Statistica 10.0". We have applied the methods of 

descriptive statistics, Kruskal-Wallis nonparametric analysis of variance and method of multivariate 

statistics – linear discriminant analysis. The study has been approved by the IRB.  
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Results and Discussion 

 

Subtotal cerebral ischemia caused an increase in the levels of phenylalanine, histidine, glutamine, α-

aminobutyrate (α-ABA), and branched chain amino acids (BCAAs) as well as a decrease in the 

concentrations of threonine, tyrosine, lysine, and α-aminoadipinic acid (αAAA) (Figure 1). A rise in the 

level of dioxyphenylalanine (DOPA) was also noticed (Figure 2). The changed concentrations of BCAAs 

and aromatic amino acids (AAAs) caused an elevation of the BCAAs/ AAAs ratio (Figure 2). The reduction 

of the serotonin-5-hydroxyindole (5-HIAA) and tyrosine-DOPA and dioxyphenylacetate (DOPAC) 

correlations in SCI can provide evidence for functional disturbances in the serotonin and dopamine systems 

under ischemia (Table 1). 

Figure 1: Levels of free amino acids and their derivatives in the hippocampus (μmol/g) (only the 

parameters with significantly changed levels are shown) 

 
 

Figure 2: Levels of free amino acids and biogenic amines in the hippocampus (μmol/g) (only the 

parameters with significantly changed levels are shown) 
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Table 1: The coefficient of correlation between the levels of biogenic amines 

 

 Control SCI SСI + L-NAME + L-Arg 

5-HT – 5-HIAA 0.984* -0.148 0.923* 

5-HTP – 5-HIAA -0.273 -0.862* 0.175 

Tyr – DOPA -0.700 0.209 0.263 

Tyr – DOPAC 0.703 -0.286 0.148 

* — p<0.05 

The combination of L-NAME and L-arginine  prevented SCI-induced changes in the levels of phenylalanine, 

histidine, glutamine, α-aminobutyrate, and α-aminoadipinic acid  (Figure 1). On the other hand. the 

increased BCAA concentrations and the reduced tyrosine level persisted. with the rise in the valine level 

being more pronounced after the administration of the composition. The L-NAME and L-arginine 

administration also contributed to an increase in threonine and lysine levels. No rise in the hippocampus 

arginine level was detected despite its increased blood concentrations (4).  

The administration of the L-NAME and L-arginine combination did not considerably change the biogenic 

amine pool in the hippocampus. For example, the ischemia-induced rise in DOPA level was retained, while 

the serotonin concentration was elevated (Figure 2). Despite the increase in the latter, one can suggest a 

normalizing effect on the serotonin system in the hippocampus due to the restoration of a normal correlation 

between serotonin and 5-HIAA. At the same time the alterations in the dopamine system persisted. 

All these changes affected the values for the integral parameters of the hippocampus amino acid pool 

(Figure 2). For instance, the L-NAME and L-arginine administration elevated the overall content of 

essential and ketogenic components of the amino acids pool (and, consequently, their share in this pool) and 

the BCAAs/ AAAs ratio. 

The most significant parameters in the group discrimination were valine (F to remove=15.7), tyrosine (F to 

remove=9.63) as well as α-ABA, DOPA, and threonine (F to remove=6.85, 6.49 and 6.32 respectively). 

When this set of predictors was used a highly significant discrimination (Wiks’ Lambda=0.0036, F=34.7, 

p<10
-10

) among the groups was achieved. Figure 3 shows the location of the groups on the plane of two 

main components. 

Figure 3: Arrangement of the canonical values on the plane of 2 main components 
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Conclusions 

Subtotal cerebral ischemia induced changes in the levels of some amino acids and their derivatives in the rat 

hippocampus (including phenylalanine, histidine, glutamine, tyrosine, and BCAAAs) as well as disturbances 

in the activities of the serotonin and dopamine systems. 

The combined administration of L-NAME and L-arginine partially normalized the SCI-induced impairments 

in the hippocampus amino acid pool. preventing alterations in the levels of phenylalanine, histidine, 

glutamine, α-aminobutyrate, and α-aminoadipinic acid as well as had a protective effect on the serotonin 

system.                 
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