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Research Article
Abstract

Background and Objective: Impairment in nitric oxide (NO) production can culminate in pathological conditions, such as
pulmonary hypertension, acute respiratory distress syndrome (ARDS), and chronic obstructive pulmonary disease (COPD).
The present study aimed to investigate the effects of L-arginine and L-nitro-arginine methyl ester (L-NAME) on the diameter
and number of pulmonary alveoli in female rats.

Methods: In this experimental study, 32 female Sprague-Dawley rats, aged 8 weeks and weighing 200-250 g, were
randomly divided into four groups of eight. Group 1 received normal saline (2 ml/kg body weight [BW]), Group 2 received
L-arginine (200 mg/kg BW), Group 3 received L-NAME (20 mg/kg BW), and Group 4 received a combination of L-arginine
(200 mg/kg BW) and L-NAME (20 mg/kg BW) via intraperitoneal injection for two weeks. The animals were then
anesthetized, and their lungs were excised. After fixation and tissue processing, histological sections were stained with
hematoxylin and eosin (H&E) to evaluate the resulting changes. To obtain quantitative data regarding the diameter and
number of alveoli, ImageTool Il software was utilized.

Results: Injection of L-NAME and L-Arginine led to a non-significant decrease in the mean diameter of pulmonary alveoli.
L-Arginine exerted the greatest effect and L-NAME had the least effect on the number of pulmonary alveoli; however, these
changes were not statistically significant.

Conclusion: Injection of L-Arginine and L-NAME had no significant effect on the diameter and number of pulmonary
alveoli in female rats.
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Introduction

Nitric oxide (NO) is a reactive gas with a short half-life,
synthesized from amino acids, proteins, and nucleic acids.
Following nitrogen fixation as nitrogen gas (N,), NO can be
converted into ammonium and various nitrogen oxides, among
which nitrite (-NO,;) and NO are the most common and
bioactive. Given the vital role of NO in maintaining pulmonary
homeostasis, pulmonary alveoli are highly sensitive to
alterations in NO availability. Alveolar epithelial cells depend on
NO to maintain barrier function, regulate vascular tonus, and
modulate inflammatory responses. Consequently, impairment in
NO production can culminate in pathological conditions, such as
pulmonary hypertension, acute respiratory distress syndrome
(ARDS), and chronic obstructive pulmonary disease (COPD).
The reaction for its production is catalyzed by specific
oxidoreductases, which are synthesized in the body by three
distinct isoforms of the NO synthase (NOS) enzyme. The
subtypes of this enzyme include inducible NOS (iNOS),
endothelial NOS (eNOS), and neuronal NOS (nNOS).

L-arginine supplementation can enhance NO synthesis in
various organs. According to established research, the
correlation between oxygen and the synthesis of L-arginine
amino acids, as well as the effects of hypoxia, has been proven.
Consequently, the therapeutic effects of L-arginine amino acids
and its precursors merit significant attention, and a wide range of
physiological and pathological mechanisms in this regard have
been the subject of research over the past half-century.
L-arginine (2-amino-5-guanidinovaleric acid- arginine) is an
endogenous and exogenous amino acid with high
biocompatibility. It is primarily synthesized within the urea
cycle, and its supplementation has been shown to improve the
pathology of numerous clinical diseases. These findings
highlight the significance of L-arginine in maintaining adequate
NO levels and underscore its potential as a therapeutic agent in
diverse clinical settings. By increasing NO production,
L-arginine improves vital processes, such as vasodilation,
neurological function, and immunity.

L-nitro-arginine methyl ester (L-NAME) is a non-selective
NOS inhibitor commonly used in research to investigate the
inhibitory effects of NO. Findings demonstrate that L-NAME
itself slowly releases NO, potentially confounding its intended
NOS inhibitory effects. The present study aimed to investigate
the effects of L-arginine and L-NAME on the diameter and
number of pulmonary alveoli in female rats.

Methods

This experimental study was conducted on 32 female Sprague-
Dawley rats, aged 8 weeks and weighing 200-250 g.

The protocol for working with laboratory animals was strictly
observed. To acclimatize the rats to the environment and prevent
the effects of environmental stress on the experimental results,
the animals were maintained under laboratory conditions
(temperature of 22+2°C with a 12-hour light-dark cycle) for one
week prior to the initiation of the experiment. Throughout the
study, the housing conditions were identical for all animals. The
animals were randomly divided into four groups of eight as
follows:

Group 1: Received an intraperitoneal injection of normal saline
(2 mL/kg BW).

Group 2: Received an intraperitoneal injection of L-arginine

(200 mL/kg BW).

Group 3: Received an intraperitoneal injection of L-NAME (20
mL/kg BW).

Group 4: Received an intraperitoneal injection of a
combination of L-arginine (200 mL/kg BW) and L-NAME (20

mL/kg BW).
L-arginine and L-NAME were purchased from Sigma-Aldrich,
Germany.

To prepare the L-arginine and L-NAME solutions, as well as
their combination, specified amounts of these substances were
dissolved in 2 mL of normal saline solution. After two weeks,
the rats were sacrificed under deep anesthesia, and their lungs
were excised. The specimens were then fixed in 10% formalin.
Following tissue processing and paraffin embedding, sections
with a thickness of 5-6 microns were prepared from the lung
tissue samples. After completing the aforementioned steps,
routine hematoxylin and eosin (H&E) staining of the specimens
was performed, and quantitative and qualitative studies were
initiated. For the observation of lung tissue, necessary
examinations, and obtaining qualitative results, an Olympus light
microscope (CX31 Microscope, Japan) was utilized.
Quantitative calculations were performed using ImageTool Il
software, obtained from the University of Texas Health Science
Center at San Antonio.

To measure the diameter of the alveoli, two perpendicular
diameters were first calculated using the aforementioned
software. The mean diameter for each alveolus was then
obtained, and the mean number of alveoli was calculated. Data
were analyzed using a one-way analysis of variance (ANOVA)
at a significance level of less than 0.05.

Results

By qualitatively comparing the number of pulmonary alveoli in
the sections prepared from each sample across the four studied
groups, a slight increase in the number was observed in the L-
arginine group compared to the normal saline group. In the
evaluation of pulmonary alveolar diameter, a slight decrease in
alveolar diameter was observed in the group concurrently
receiving both L-NAME and L-arginine compared to the group
receiving L-NAME.

Quantitative comparison revealed that the normal saline group
had the highest mean pulmonary alveolar diameter (530 pm),
whereas the L-NAME (60 um) and L-arginine (80 um) groups
exhibited a decrease in alveolar diameter. Considering that the
administration of both L-NAME and L-arginine led to a
reduction in the mean diameter of pulmonary alveoli, the most
pronounced decrease in diameter belonged to the group that
received the concurrent administration of both L-NAME and L-
arginine. Overall, the mean pulmonary alveolar diameter of the
various study groups indicated no statistically significant
difference compared to the normal saline group.

In comparison to the normal saline group, the mean number of
pulmonary alveoli showed a mean increase of 0.5 units in the L-
arginine group and a decrease of 1 unit in the L-NAME group. A
slight increase was observed in the group receiving the
concurrent administration of both L-NAME and L-arginine.
Ultimately, in the quantitative analysis of the mean number of
pulmonary alveoli, no statistically significant difference was
observed.

Conclusion

According to the results of the present study, the
administration of L-arginine was associated with a relative
increase in the number of alveoli, whereas the administration of
L-NAME was accompanied by a relative decrease in their
diameter. The mean diameter of the alveoli in the groups
receiving the pharmacological compounds decreased compared
to the normal saline group; however, these differences were not
statistically significant. Although lacking statistical significance,
these findings suggest a potential effect of the NO pathway on
the alveolar process.
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Small-molecule NOS inhibitors have been developed for the
treatment of certain diseases. For instance, L-NAME, as a NOS
inhibitor, has been shown to reduce lung tumor growth in vivo
and exert a protective effect during lung injuries.

On the other hand, studies emphasize the importance of NO in
the alveolarization process and the maintenance of alveolar
structure.

According to the modeling study, the asymmetric branching
distribution in the airways and variations in their diameter
significantly impacts NO transport, airway resistance, and gas
exchange. In particular, flow resistance in the distal regions of
the lung can prevent the effective delivery of NO to the alveolar
zones. This may be the primary reason for the lack of significant
differences in alveolar structure observed in the present study.
As shown in a study on patients with cystic fibrosis, a decrease
in alveolar-capillary conductance for NO and impairment in its
diffusing capacity during physical activity culminate in oxygen
desaturation. This study also emphasizes the importance of
microscopic and functional structures.

On the other hand, the effect of L-NAME as a NO synthesis
inhibitor remains a subject of controversy. While some studies
have characterized it as a destructive agent, demonstrating that
NO inhibition can disrupt pulmonary functional equilibrium and
exacerbate tissue damage, in the present study, the absence of
significant changes may be attributed to the dosage, timing, or

half-life of the administered drug.
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