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1. Introduction  

 

itric oxide is an endogenous gas that 

acts as a signal molecule in the human 

body (1). NO synthase (NOS) 

enzymes catalyze the oxidation of l-

arginine to l-citrulline through a way 

dependent to NADPH and 

tetrahydrobiopterin (BH4) and NO is produced as one 

of the reaction products (2). Cytosolic guanylate 

cyclase (sGC) is the major intracellular receptor for 

NO (3). This molecule plays an important role in acute 

and chronic pain at the central and peripheral levels. 

Peripheral morphine analgesia occurs after activation 

of the l-arginine/NO-cGMP pathway (4).  

The hippocampus is a part of the limbic system that 

has long been shown to play a role in memory and 

learning. There is evidence from human and animal 

studies that show that hippocampal formations can 

also play an important role in the pain process (5). An 

increase in neuronal NOS-positive cells in the 

hippocampus has repeatedly been observed with 

morphine injection in treated rats (6, 7). 

The periaqueductal gray matter (PAG), the collection 

of bodies of neurons around the Sylvius duct, plays an 

important role in the analgesic process due to the 

presence of opioid-like peptides such as enkephalins 

and dinorphins (8). The role of NO in PAG in 

analgesic reactions and defense reflexes due to 

activation of NMDA glutamate receptor in the brain 

has previously been identified (8). Injecting NO 

inhibitors (such as L-NAME) into PAG significantly 

eliminates the analgesic effect of this area, and the 

researchers postulated that N2O (the oxide of nitrous 

or laughing gas) in PAG causes analgesia by an opioid 

N 
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receptor-dependent mechanism (9). The PAG consists 

of distinct nuclei that receive selective inputs from the 

frontal cortex, amygdala, hypothalamus, and pain 

pathways, and its lateral dorsal part contains neurons 

that express NADPH-positive neurons (10). As 

mentioned, this cofactor is involved in NO production, 

but despite the positive reaction of neurons in this 

area, the role of NO in this center of downstream pain 

path is not clear. Therefore, the aim of this study was 

to investigate the role of NO in the descending pain 

path. In one hand, we treated the animal model of 

inflammatory pain, which received effective anti-pain 

dose of morphine (i.p.), by l-arginine in one of two 

interested areas. On the other hand, aside to interact 

between the opioid and nitrergic systems on the d 

hippocampus and ld PAG levels, we assessed the 

modulatory involvement of NO on morphine-induced 

analgesic flow in the animal model of inflammatory 

pain by simultaneously injecting NO precursor in both 

nuclei. 

 

2. Materials and Methods 

2.1. Animals 
Male Wistar rats weighing 250 g were used for 

experiments. The animals were kept in the Shahed 

University animal care center in light conditions for 

12 h in the dark, 12 h in the light and at a temperature 

of 21 ± 3°C. Ethical considerations were made in 

accordance with the principles of working with 

animals and the research was approved by the local 

animal ethics commission 

(IR.SHAHED.REC.1399.107). 

 

2.2. Drugs  
In this study, morphine (Temad, Iran), l-arginine 

(Sigma, Germany) and ketamine and xylazine 

(Veterinary Organization, Iran) were used. 

 

2.3. Surgery and cannulation 
The animals were placed into the stereotaxic system 

after injection of ketamine (100 mg/kg) and xylazine 

(20 mg/kg) and cannulated in the dorsal hippocampus 

with AP: -3.8 mm, L: 1.8 ± 2.2 mm, V: 3 mm (13) and 

the lateral dorsal part of PAG with these coordinates 

AP: 7.8 mm, L: 0.7 mm, V: 4.8 mm. One week after 

recovery, the animals were divided into control and 

experimental groups. 

 

2.4. Prescribing drugs 
Drugs (at a volume of 1 μl) were injected during 30 

sec using a 5 μl Hamilton syringe attached to the 

polyethylene tubing equipped with an injection 

cannula (27 gauge) that was 1 mm longer than the 

guide cannula. To ensure injection of the substance in 

the target area, after additional 30 sec, the injection 

cannula was removed from the guide. Morphine at a 

dose of 6 mg/kg (13) was injected intraperitoneally 

(i.p.) to induce analgesia in the formalin test. 

2.5. Formalin test 
Formalin test was used to measure pain. In order to 

adapt, the rats were first left in the test chamber (a 30 

× 30 × 30 cm glass chamber equipped with a mirror at 

a 45-degree angle) for about 15 min. L-arginine was 

prescribed intra-cerebrally prior to morphine, then 

intraperitoneal (i.p.) injection of the drug morphine, 

and then inoculation of 50 μl of formalin solution 

(2.5%) into the left foot paw of the rat was arranged. 

The treated animal was returned to the formalin test 

chamber, which during testing (1 h) all animal’s 

behavioral signs was recorded and the results were 

quantitatively measured. Two time intervals (0-5 and 

15-60 min) were considered as a measure of acute and 

chronic pain and throughout these time courses per 15 

sec, the animal's behavioral observations were 

quantified according to the following criteria. 

Zero: When the animal does not react and the injected 

foot is completely on the surface of the formalin 

mirror. 

One: The animal exerts most or all of its weight 

pressure on the opposite leg and the injected leg rests 

(favoring). 

Two: The injected foot is completely separated from 

the surface and hang up (elevating). 

Three: The animal licks or bites the injected foot 

(licking and biting). 

 

2.6. Euthanasia 
At the end of the experiments, all animals were killed 

with carbon monoxide. In order to confirm the 

accuracy of the cannulation, 1 µl of methylene blue 

solution was injected with a Hamilton syringe into the 

desired areas. The brain samples were eventually fixed 

in formalin 10% and cut in slices.  

 

2.7. Statistical calculations 
All data were analyzed by analysis of variance 

(ANOVA) after normality test and p <0.05 was 

considered significant. In case of rejecting the null 

hypothesis (equality of variances), further tests by 

Tukey’s HSD were used to investigate the differences 

between the groups. Data were shown as mean ± 

standard error in the tables. 

 

3. Result 

3.1. The effect of l-arginine injection into 

the dorsal hippocampus on morphine-

induced analgesia in formalin test 

L-arginine in doses of 0.25, 0.5, 1 and 2 µg per rat was 

injected at a volume of 1 µl using a Hamilton syringe 

in the dorsal hippocampus; the same amount of saline 

(1 µl) was injected into the PAG. Then, morphine at a 

dose of 6 mg/kg was i.p. injected 10 min before the 

formalin test. Formalin was injected subcutaneously 
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(s.c) in the left foot paw of the animal and the animal 

was placed in the formalin mirror chamber and tested; 

the control group solely received saline (Table 1). As 

data show, administration of l-arginine in the d 

hippocampus (saline cross-section) prior to morphine 

injection independent of dose is effective on morphine 

response in formalin test in both acute and chronic 

phases: there is a statistically significant reduction in 

morphine-induced analgesia. 

 
 

Table 1. The effect of l-arginine pre-injection in the d hippocampus on morphine-induced analgesia 

 

Data are given in the table as mean ± standard error. According to the statistical analyses, morphine-induced analgesia showed attenuation in 

the L-arginine treated rats compared to the control. Tukey’s post hoc test provided the between group differences: *P<0.05 

3.2. The effect of injection of l-arginine 

into the dorsolateral PAG on morphine-

induced analgesia in the formalin test  
L-arginine in doses of 0.25, 0.5, 1 and 2 micrograms 

per rat was injected using a Hamilton syringe at a 

volume of one µl in the dorsolateral region of the PAG 

and in the other region, the d hippocampus, 1 µl of 

saline was inoculated. Morphine (6 mg/kg, i.p.) was 

then injected and the formalin test was performed. 

After that, the animal was placed in the test chamber 

(for testing) and the results are shown in Table 2. As 

can be seen, l-arginine injection in this area as the 

precursor of NO is much more effective on the 

morphine response in the formalin test in both acute 

and chronic phases (reduction of morphine response 

more pronouncedly shown than Table 1). 

 

Table 2. Effect of l-arginine pre-injection in the ld PAG on morphine-induced analgesia 

Acute phase Chronic phase Treatment 

44 ± 3.8 377 ± 6.8 Saline (1 µl) 

*26 ± 7.2 *193 ± 19 Morphine (6 mg/kg) 

*42 ± 5.6 *353 ± 5.3 L-Arginine 0.25 µg/rat 

*37 ± 5 *354 ± 38 L-Arginine 0. 5 µg/rat 

*38 ± 7 *302 ± 69 L-Arginine 1 µg/rat 

*33.7 ± 1.5 *282 ± 6.7 L-Arginine 2 µg/rat 
 

Data are given in the table as mean ± standard error. The statistical analyses show that morphine-induced analgesia attenuated in the L-

arginine treated rats compared to the control. The between group differences obtained by Tukey’s post hoc test: *P<0.05. 

 

3.3. Result of injection of effective dose of 

L-arginine simultaneously to both nuclei 

(dorsal hippocampus and dlPAG) 

According to Tables 1 and 2, the effective doses of l-

arginine (both at hippocampal area and PAG) was 

selected and injected simultaneously into both areas. 

The morphine at a dose of 6 mg/kg, ten min before the 

test was given. Formalin was injected and the animal 

was tested in a formalin mirror (Table 3). Injecting the 

l-arginine into both the gray matter and the 

hippocampus does not have a much more reducing 

effect on morphine-induced analgesia. 
 

 

 

 

 

 

Acute phase Chronic phase Treatment 

44 ± 3.8 377 ± 6.8 Saline (1 µl) 

*27 ± 7.2 *193 ± 19 Morphine (6 mg/kg) 

*36 ± 3 *249 ± 8 L-Arginine 0.25 µg/rat 

*46 ± 3 *299 ± 35 L-Arginine 0. 5 µg/rat 

*40 ± 3.5 *274 ± 25.6 L-Arginine 1 µg/rat 

*39 ± 2.6 *278 ± 58 L-Arginine 2 µg/rat 
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Table 3. Effect of injection of effective dose of l-arginine simultaneously to both target areas of rat’s brain (d hippocampus and dl PAG) 
 

Treatment Chronic phase Acute phase 

Saline (1 µl) 377 ± 6.8 44 ± 3.8 

Morphine (6 mg/kg) *193 ± 19 *27 ± 7.2 

L-Arginine 0.5 µg/rat *324 ± 38 *37.5 ± 
 

Data are given in the table as mean ± standard error. The analyses show that morphine-induced analgesia attenuated in the l-arginine treated 
rats compared to the control. between group differences were obtained by Tukey test: * P<0.05. 

 

4. Discussion 

The aim of this study was to investigate the effect of 

simultaneous injection of l-arginine on both the dorsal 

hippocampus and the laterodorsal periaqueductal gray 

matter on morphine-induced analgesia in the rat’s 

formalin test. The control (saline) and morphine and l-

arginine (a precursor of nitric oxide) groups were 

compared based on the ANOVA analyses. The 

precursor had a reducing effect on morphine analgesia 

either in one area or by simultaneous injection in the 

two areas. 

With respect to specific role of the hippocampus in the 

pain memory (11), this finding is consistent with the 

previous results achieved by the precursor of NO (12), 

the l-arginine, in the rat formalin test (13). On the 

other hand, the PAG is known as an important area in 

the downward modulation pain path (14), and in this 

area, the NO precursor, l-arginine, reduced the 

analgesic effect of morphine, which is in line with the 

results of others (15, 16). 

By comparing the result of injections of precursor 

individually in one of these two areas (the 

hippocampus or the periaqueductal gray matter), the 

material treatment in the PAG provided much more 

reduction of the analgesic effect of morphine, 

indicating that area as a key center in the path of pain. 

However, due to simultaneous injection of l-arginine 

into both regions, according to the data, not much 

difference was observed with the injection of this 

substance, in only one region, and this finding may 

show the NO mediation in the downstream pain path 

as been previously proposed (4).  

Although pain as a whole is defined as a strong and 

unpleasant sensation, but chronic pain is associated 

with more complex emotional disorders such as 

anxiety-depressive symptoms and cognitive deficits 

than acute pain (17). The underlying mechanisms have 

not yet well understood, but the interactions between 

the frontal cortex and limbic structures is thought to 

play an important role in the matter. 

As has recently been reviewed, evidence from studies 

on the rodent brain suggests that neuroplastic-related 

changes occur not only in the cerebral cortex but also 

below the cortex (amygdala and hippocampus) (17). 

Therefore, the present study can propose new 

interactions, but it is very highly complicated and can 

only be clearly interpreted by the help of additional 

studies. 

The descending path of pain from the limbic area such 

as from d hippocampus to the gray matter around the 

Sylvius aqueduct shows interconnection. However, 

whether this association is related to prominent 

neurotransmitter and neuromodulatory systems, 

including glutamate and GABA and endogenous 

opioids, or whether NO directly mediates morphine 

analgesia, remain as vague that we suggest for future 

studies. 

In summary, increasing levels of NO due to exclusive 

or concurrent injection of l-arginine in the studied 

areas likely antagonize the morphine response. 
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