
Orally administered L-arginine and glycine are highly 
effective against acid reflux esophagitis in rats

Kenji NagahamaBCDEF, Hikaru NishioBDF, Masanori YamatoBC, Koji TakeuchiADEFG

Department of Pharmacology and Experimental Therapeutics, Division of Pathological Sciences, Kyoto 
Pharmaceutical University, Misasagi, Yamashina, Kyoto, Japan

Source of support: This research was supported in part by the “Open Research” Program from the Ministry of 
Education, Science and Culture of Japan

Summary

 Background: Reflux esophagitis is caused mainly by excessive exposure of the mucosa to gastric contents. In the 
present study, we examined the effect of several amino acids on acid reflux esophagitis in rats.

 Material/Methods: After 18 h of fasting, acid reflux esophagitis was induced by ligating both the pylorus and the tran-
sitional region between the forestomach and the corpus under ether anesthesia, and the animals 
were killed 4 h later. The severity of esophagitis was reduced by the oral administration of omepra-
zole, a proton pump inhibitor, or pepstatin, a specific pepsin inhibitor.

 Results: The development of esophageal lesions was dose-dependently prevented by L-arginine and glycine, 
given intragastrically (i.g.) after the ligation, with complete inhibition obtained at 250 mg/kg and 
750 mg/kg, respectively, and these effects were not influenced by the prior s.c. administration of 
indomethacin or L-NAME. By contrast, both L-alanine and L-glutamine given i.g. after the ligation 
aggravated these lesions in a dose-dependent manner. These amino acids had no effect on acid se-
cretion but increased the pH of the gastric contents to 1.8~2.3 due to their buffering action.

 Conclusions: The results confirmed an essential role for acid and pepsin in the pathogenesis of acid reflux esoph-
agitis in the rat model and further suggested that various amino acids affect the severity of esopha-
gitis in different ways, due to yet unidentified mechanisms; L-alanine and L-glutamine exert a del-
eterious effect on the esophagitis, while L-arginine and glycine are highly protective, independent 
of endogenous prostaglandins and nitric oxide.
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Background

Reflux esophagitis, an endoscopically positive gastroesoph-
ageal reflux disease, is caused mainly by excessive exposure 
to gastric contents due to impairments of various protective 
mechanisms that prevent reflux into the esophagus and re-
sist the refluxate [1,2]. Since gastric acid plays a key role in 
the pathogenesis of reflux esophagitis, luminal pH control 
is considered important in the management of this disease 
[2,3]. Indeed, antisecretory drugs, such as histamine H2 re-
ceptor antagonists and proton pump inhibitors, have been 
shown to be effective against acid reflux esophagitis in ex-
perimental animals and humans [4–7].

In addition to acid, pepsin secreted by chief cells in the 
stomach is also an important component of the gastric re-
fluxate. Since this enzyme is an acid-activated protease, the 
effect of acid suppressant therapy against reflux esophagitis 
may be accounted for, at least partly, by modulation of the 
proteolytic activity of pepsin. Indeed, studies have demon-
strated a pathogenic role for pepsin in the development of 
acute esophagitis in rabbits and cats [8,9]. We also report-
ed that pepstatin, a pepsin-inactivating pentapeptide, to-
tally prevented the occurrence of acid reflux esophagitis, 
confirming an essential role for pepsin in the pathogene-
sis [10]. The proteolytic activity of pepsin is dependent on 
pH [9,10]. Thus, studying the relationship between pep-
sin activity and pH range is of fundamental importance to 
understanding the pathogenic role of pepsin in the de-
velopment of esophageal lesions. We reported that oral-
ly administered L-glutamine worsened esophageal lesions 
induced by the dual ligation in a rat model [10]. We also 
showed that L-glutamine increased intragastric pH due to 
its buffering action. Since the proteolytic activity of pep-
sin is dependent on pH, with maximal activity at a pH of 
approximately 2.0, it is possible that L-glutamine aggravat-
ed the esophageal lesions by increasing the activity of pep-
sin through a shift in the intraluminal pH to 2.0 [10,11]. 
However, whether the same is true for other amino acids 
remains to be examined.

As mentioned above, acid and pepsin represent the most 
common damaging agents to the esophagus. Acid, by act-
ing as a mild irritant to the esophagus, triggers mucosal 
defensive mechanisms including increased cell prolifer-
ation and blood supply to the esophagus [12–14]. The 
mechanisms of these adaptive responses, albeit remain 
largely unknown, may be mediated by prostaglandins 
(PGs), nitric oxide (NO), epidermal growth factor, and 
capsaicin-sensitive afferent neurons [7,12–16]. It is possi-
ble that the development of acid reflux esophagitis may 
well be an expression of the failure of the mechanisms re-
sponsible for the mucosal defense and that amino acids 
affect the mucosal integrity of the esophagus by modulat-
ing such mechanisms.

Given the above background, we examined in the pres-
ent study the influence of various amino acids on the de-
velopment of acid reflux esophagitis in a rat model, and 
demonstrated that both L-arginine and glycine are high-
ly effective against the disease. In addition, we also investi-
gated the mechanisms involved in the protective action of 
these amino acids.

Material and Methods

Animals

Male Sprague Dawley rats (200–230 g, Nippon Charles 
River, Shizuoka, Japan) were used. The animals were kept 
in individual cages with raised mesh bottoms and deprived 
of food but allowed free access to tap water for 18 h prior 
to the experiments. Studies were carried out using 4~7 rats 
per group. All experimental procedures employed in the 
present study were approved by the Experimental Animal 
Research Committee of Kyoto Pharmaceutical University.

Induction of acid reflux esophagitis

Acid reflux esophagitis was induced as described previously 
[10]. Under light ether anesthesia, the abdomen was incised 
along the midline, and the pylorus and the junction between 
the forestomach and corpus were ligated. The animals were 
killed with deep ether anesthesia 2, 3, 4, and 5 h later, and 
then the esophagus and stomach were removed, and treated 
with 2% formalin for fixation of the tissues. The area (mm2) 
of macroscopically visible damage in the esophagus was mea-
sured under a dissecting microscope with square grids (×10), 
summed per tissue, and used as a lesion score. The person 
measuring the lesions did not know the treatments given to 
the animals. Various amino acids (L-alanine, L- or D-arginine, 
glycine, L-glutamine: 100~1500 mg/kg) and pepstatin (a spe-
cific pepsin inhibitor: 0.3 mg/kg) were given intragastrical-
ly (i.g.) through esophageal intubation 10 min after the liga-
tion. Omeprazole (10 mg/kg) was given orally (p.o.) 30 min 
before the ligation. In some cases, indomethacin (5 mg/kg), a 
cyclooxygenase (COX) inhibitor, or NG-nitro- L-arginine meth-
yl ester (L-NAME: 10 mg/kg), an inhibitor of NO synthase, 
was given subcutaneously (s.c.) 30 min before the ligation.

Determination of gastric pH

Intragastric pH was measured in pylorus-ligated rats. Under 
light ether anesthesia, the abdomen was opened by a mid-
line incision, the pylorus was ligated, and the animals were 
then allowed to recover from the anesthesia. Three hours 
later, the animals were killed under deep ether anesthe-
sia, the stomachs were removed, and the gastric contents 
were collected. After centrifugation for 10 min at 3000 
rpm, each sample was measured for volume and for pH us-
ing a pH meter (Horiba F-21, Kyoto, Japan). Various ami-
no acids (250~750 mg/kg) were given i.g. immediately af-
ter the ligation.

Measurement of the buffering capacity of amino acids

The buffering capacity of various amino acids was deter-
mined in vitro by titration. L-alanine (500 mg/kg), L-arginine 
(250 mg/kg), L-glutamine (750 mg/kg) or glycine (750 
mg/kg) was suspended or dissolved in a 0.5% CMC solu-
tion, and the changes in pH of the solution were monitored 
when 1 ml of each amino acid solution was titrated by the 
addition of 150 mM HCl.

Preparation of drugs

The drugs used were various amino acids (L-alanine, L 
or D-arginine, L-glutamine and glycine; Nacalai Tesque, 
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Kyoto, Japan), pepstatin (Banyu, Tokyo, Japan), indometh-
acin, NG-Nitro-L-arginine methyl ester (L-NAME) (Sigma 
Chemicals, St. Louis, MO), omeprazole (Astra Zeneca, 
Möndal, Sweden) and mannitol (Nacalai Tesque). Amino 
acids, pepstatin and omeprazole were suspended or dis-
solved in a 0.5% carboxymethylcellulose solution (CMC; 
Wako, Osaka, Japan). Indomethacin was suspended in saline 
with a drop of Tween 80 (Nacalai Tesque), while L-NAME 
was dissolved in saline. Each drug was prepared immedi-
ately before use and administered i.g. or s.c. in a volume 
of 0.5 ml/100 g body weight.

Statistical analysis

Data are presented as the mean ±SE for four to seven rats 
per group. Statistical analyses were performed using the two-
tailed Student t-test or Dunnett’s multiple comparison test, 
and values of P<0.05 were regarded as significant.

results

Time-course of changes in acid reflux esophagitis and 
inhibition by the acid or pepsin inhibitor

Following ligation of the pylorus and forestomach, severe 
hemorrhagic damage developed in the proximal 3 cm of the 
esophagus in all animals in a time-dependent manner, and 
the lesion scores at 3 and 4 h after the ligation were 68.5±4.8 
mm2 and 114.5±8.6 mm2, respectively (Figure 1A, B). The 
severity of these lesions was significantly reduced by the p.o. 
administration of omeprazole (10 mg/kg) 30 min before the 
ligation or the p.o. administration of pepstatin (0.3 mg/kg) 
10 min after the ligation, the inhibition in both cases be-
ing over 95% (Figure 1A). On the basis of these results, 
we used the reflux esophagitis model induced by 3 h of li-
gation to examine the effect of various amino acids in the 
subsequent studies.

Effect of L-glutamine on acid reflux esophagitis

Ligation of the pylorus and forestomach for 3 h caused hem-
orrhagic lesions in the esophagus, the lesion score being 
63.2±5.1 mm2. Intragastric administration of L-glutamine 
(250~1500 mg/kg) increased the severity of esophageal le-
sions in a dose-dependent manner, and a significant effect 
was observed at 750 mg/kg or greater (Figure 2). At the dose 
of 1500 mg/kg, damage was evident in all of the esophagus 
and the degree of aggravation was over 200% (Figure 2).

Effects of glycine, L-alanine and L(D)-arginine on acid 
reflux esophagitis

Consistent with a previous paper [10], we confirmed that 
L-glutamine aggravated acid reflux esophagitis. To investi-
gate whether the same is true for other amino acids, we ex-
amined the effects of L-alanine, L- or D-arginine, and gly-
cine on the esophagitis induced by the 3-h ligation.

The intragastric administration of L-alanine had no effect 
on the development of the esophagitis at 250 mg/kg but 
at 500 mg/kg significantly worsened the lesions, the le-
sion score being 124.5±16.1 mm2, which was almost 2 times 
the control value (68.1±6.2 mm2) (Figure 3A). By con-
trast, when L-arginine (100 and 250 mg/kg) was given i.g. 

Figure 1.  (A) Time-course of changes in acid 
reflux esophagitis in rats. Under ether 
anesthesia, both the pylorus and 
forestomach were ligated, and the 
esophageal mucosa was examined 2~5 h 
later. In some cases, omeprazole (10 mg/
kg) or pepstatin (0.3 mg/kg) was given 
orally 30 min before or 10 min after the 
ligation, respectively, and the mucosa 
was examined 3 h after the ligation. Data 
are presented as the mean ±SE for 4~6 
rats. * Significant difference from control, 
at P<0.05. (B) Macroscopic appearances 
of esophageal lesions induced by ligation 
of the pylorus and forestomach for 3 h.

A B

Figure 2.  Effect of L-glutamine on acid reflux esophagitis in rats. 
Under ether anesthesia, both the pylorus and forestomach 
were ligated, and the esophageal mucosa was examined 
3 h later. L-glutamine (250, 750 and 1500 mg/kg) was given 
i.g. 10 min after the ligation. Data are presented as the 
mean±SE for five to six rats. * Significant difference from 
control, at P<0.05.
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10 min before the ligation of the pylorus and forestomach, 
this amino acid dose-dependently reduced the severity of 
esophageal lesions, with complete inhibition observed at 
250 mg/kg (Figure 3B).

To further investigate whether the protective effect of 
L-arginine is due to its physicochemical properties or medi-
ated by its biological actions, we repeated the same experi-
ments using D-arginine. As shown in Figure 3B, D-arginine 
(250 mg/kg) also provided good protection against the acid 
reflux esophagitis, the inhibition being 89.0%. Likewise, 
glycine (250~750 mg/kg) dose-dependently reduced the 
severity of the esophagitis, and the lesion score at 250 and 
500 mg/kg was 37.1±14.7 mm2 and 12.6±4.1 mm2, respec-
tively (Figure 4A). Complete inhibition by glycine was ob-
served at 750 mg/kg (Figure 4B).

Effects of indomethacin and L-NAME on the protective 
action of L-arginine and glycine against acid reflux 
esophagitis

Both L-arginine and glycine were found to provide strong 
protection against the acid reflux esophagitis. To investigate 
the possible involvement of endogenous PGs and NO in the 
protective action, the effects of indomethacin and L-NAME on 
the protective action of L-arginine or glycine were examined.

The severity of acid reflux esophagitis was significantly re-
duced by the i.g. administration of L-arginine (250 mg/kg) 
or glycine (750 mg/kg), the inhibition being 75.7% and 
90.5%, respectively (Figure 5). Prior s.c. administration of 
neither indomethacin (5 mg/kg) nor L-NAME (10 mg/kg) 
had any effect on the protective action of L-arginine, the 
degree of protection in the presence of these agents being 
equivalent to that in the control group. Likewise, the pro-
tective effect of glycine was not significantly affected by ei-
ther of these agents, and the inhibition was about 90% even 
in the presence of indomethacin or L-NAME. On the oth-
er hand, mannitol given i.g. at 261 mg/kg, a concentration 
equimolar to that of L-arginine (250 mg/kg), had no effect 
the severity of esophageal lesions (not shown).

Effects of various amino acids on luminal pH in pylorus-
ligated stomachs

Since the amino acids used in the present study had differ-
ent effects, protective or aggravative, on acid reflux esopha-
gitis, and since the severity of the esophagitis is influenced 
by the pH of the gastric contents, their effects on gastric 
pH may also be different after i.g. administration. To test 
this possibility, we examined the effect of these amino ac-
ids on the pH of the gastric contents in the pylorus-ligat-
ed rats. As shown in Table 1, ligation of the pylorus for 3 h 

Figure 3.  Effects of L-alanine (A) and L- or 
D-arginine (B) on acid reflux esophagitis 
in rats. Under ether anesthesia, both 
the pylorus and forestomach were 
ligated, and the esophageal mucosa was 
examined 3 h later. L-alanine (250 and 
500 mg/kg), L-arginine (100 and 250 
mg/kg) or D-arginine (250 mg/kg) was 
given i.g. 10 min after the ligation. Data 
are presented as the mean ±SE for 5~6 
rats. * Significant difference from control, 
at P<0.05.

A B

Figure 4.  (A) Effect of glycine on acid reflux 
esophagitis in rats. Under ether 
anesthesia, both the pylorus and 
forestomach were ligated, and the 
esophageal mucosa was examined 3 h 
later. Glycine (250, 500 and 750 mg/kg) 
was given i.g. 10 min after the ligation. 
Data are presented as the mean ±SE for 
5~7 rats. * Significant difference from 
control, at P<0.05. (B) Macroscopic 
appearance of esophageal lesions 
induced by the dual ligation for 3 h. Note 
that glycine completely inhibited the 
development of hemorrhagic esophageal 
lesions.

A B
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accumulated about 6 ml of gastric juice in the stomach, the 
pH of the contents being 1.30±0.05. None of the amino ac-
ids (L-arginine, L-alanine, L-glutamine and glycine) signif-
icantly affected the volume of gastric contents, although 
the volume tended to be increased by some amino acids 
at 500 or 750 mg/kg. On the other hand, the pH of the 
gastric contents was significantly increased by all amino 
acids at the doses used. Notably, L-alanine at 500 mg/kg 
and glycine at 750 mg/kg increased the pH to 2.36±0.12 
and 2.38±0.07, respectively, the difference in both cases 
being highly significant. Likewise, both L-arginine at 250 
mg/kg and L-glutamine at 750 mg/kg significantly raised 
the pH of the gastric contents to 1.82±0.05 and 1.73±0.09, 
respectively.

Acid-buffering capability of various amino acids in vitro

Since the proteolytic activity of pepsin is dependent on pH 
and maximal at approximately pH 2.0 [10] and since pep-
sin plays an important role in the pathogenesis of acid re-
flux esophagitis [8–10], the different effects of amino acids 

on acid reflux esophagitis may be attributable to differenc-
es in their acid-buffering capability to modify the optimal 
pH for the proteolytic action of pepsin. To test this possi-
bility, we titrated the solution of amino acids on varying the 
pH with the addition of HCl in vitro.

Among the amino acids used in this experiment, both 
L-arginine (250 mg/kg) and glycine (750 mg/kg) showed all 
but complete protection against acid reflux esophagitis, while 
both L-alanine (500 mg/kg) and L-glutamine (750 mg/kg) 
aggravated the esophagitis. The solution of L-arginine was 
a strong base, pH 10.6, but that of other amino acids was 
neutral, pH 6~7 (Figure 6). When these solutions were ti-
trated with the addition of 150 mM HCl, the amino acids 
showed a similar buffering action against HCl, although the 
potency was slightly different depending on the dose used. 
Among the amino acids used, no difference was found in 
their buffering capability at around pH 2.

Figure 5.  Effects of indomethacin and L-NAME on 
the protective action of L-arginine or 
glycine against acid reflux esophagitis 
in rats. Under ether anesthesia, both 
the pylorus and forestomach were 
ligated, and the esophageal mucosa was 
examined 3 h later. L-arginine (250 mg/
kg) or Glycine (750 mg/kg) was given i.g. 
10 min after the ligation. Indomethacin 
(5 mg/kg) or L-NAME (10 mg/kg) was 
given s.c. 30 min before the ligation. Data 
are presented as the mean ±SE for 4~6 
rats. * Significant difference from control, 
at P<0.05.

Figure 6.  Buffering capability of various amino acids against HCl in 
vitro. L-glutamine, glycine, L-arginine or L-alanine (500 
mg/kg), L-arginine (250 mg/kg), L-glutamine (750 mg/kg) 
or glycine (750 mg/kg) was suspended or dissolved in a 
0.5% CMC solution, and 1 ml of these solutions was titrated 
by addition of 150 mM HCl. Changes in pH of the solution 
were determined by a pH meter.

Drugs Doses 
(mg/kg)

No. 
of rats

Volume 
(mL)

Gastric 
pH

Control – 5  6.38±0.87  1.30±0.05

L-arginine 250 4  6.30±0.41  1.82±0.05*

L-alanine 500 5  8.56±0.48  2.36±0.12*

L-glutamine 750 5  8.66±0.81  1.73±0.09*

Glycine 750 4  8.63±0.41  2.38±0.07*

Table 1.  Effects of amino acids on the volume and pH of gastric 
contents in pylorus-ligated rats.

Amino acids were given orally immediately after the pylorus was 
ligated. The gastric contents were collected 3 h after the ligation. 
Following centrifugation for 10 min at 3,000 rpm, the volume of 
each sample was measured, and the pH was determined by using a 
pH meter. Values are presented as the mean ±SE for four to five rats. 
* Significant difference from control at P<0.05.
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discussion

We recently reported a simple method to produce acid-re-
flux esophagitis in rats by ligating both the pylorus and fore-
stomach and demonstrated that pepsin as well as acid play 
an important role in the pathogenesis of this model [7,10]. 
In the present study, we confirmed the pathogenic impor-
tance of acid and pepsin in the occurrence of acid reflux 
esophagitis in this rat model and further suggested that ami-
no acids given i.g. affected the severity of the esophagitis in 
different ways; L-arginine and glycine are highly effective 
in reducing the severity, while L-alanine and L-glutamine 
have an aggravating effect.

Reflux esophagitis is a chronic disease caused mainly by ex-
cessive exposure of the esophagus to the gastric contents. 
Since acidic gastric content plays a major role in the patho-
genesis of reflux esophagitis, luminal pH control is consid-
ered important in the management of this disease [1–3]. 
Indeed, medical treatment has focused on acid suppression 
with antisecretory drugs, such as histamine H2 receptor an-
tagonists and proton pump inhibitors, and these drugs have 
been shown to be effective against acid reflux esophagitis in 
experimental animals and humans [4–7]. We also observed 
in previous studies that antisecretory drugs significantly pre-
vented esophageal damage in an acute rat model [7,10], 
supporting the contention that gastric acid plays a pivotal 
role in the development of esophageal lesions.

In addition to gastric acid, pepsin, conjugated or deconju-
gated bile acids, and pancreatic enzymes are also included 
in the refluxate [8–10,17–20]. However, it is unlikely that 
bile acids and pancreatic enzymes participated in the patho-
genesis of esophagitis in the present model, because the 
esophagitis was induced in pylorus-ligated stomachs where 
no regurgitation of the duodenal content occurs into the 
stomach. Although there is no clinical evidence of a defi-
nite role for pepsin in the pathogenesis of reflux esophagi-
tis, experimental evidence has suggested a pathogenic role 
for pepsin in addition to acid [9,21,22]. Consistent with our 
previous observation [10], the present study showed that 
pepstatin, a specific pepsin inhibitor, completely prevented 
the development of esophageal lesions, similar to omepra-
zole, a proton pump inhibitor. These results strongly sug-
gest that pepsin, in addition to gastric acid, plays a major 
role in the pathogenesis of the reflux esophagitis model.

Of interest in the present study is the finding that intragas-
tric administration of glycine or L-arginine potently inhib-
ited the acid reflux esophagitis induced by the dual liga-
tion, while L-alanine as well as L-glutamine aggravated the 
lesions. We previously reported that L-glutamine aggravated 
these esophageal lesions by increasing the proteolytic activ-
ity of pepsin in the refluxate through a shift in the intralu-
minal pH to around 2.0, the optimal pH for peptic activity 
[10]. Okabe et al. reported that L-glutamine markedly ag-
gravated Shay ulceration in the forestomach caused by py-
lorus ligation in rats [11]. Because this model is caused by 
the corrosive actions of acid and pepsin and because the 
esophageal mucosa is covered by stratified squamous epi-
theliums, similar to the epithelium in the forestomach, it 
would be understandable for the mechanism aggravating 
these lesions to be associated with peptic activity. If the aggra-
vation is really brought about by such a buffering capability, 

then other amino acids would be similarly expected to ag-
gravate the esophageal lesions. However, the aggravation 
was observed on the intragastric administration of L-alanine 
but not other amino acids, such as L-arginine and glycine. 
Interestingly, the latter two amino acids did prevent the de-
velopment of esophageal lesions, showing all but complete 
inhibition at 250 mg/kg and 750 mg/kg, respectively. We 
also observed in the present study that these amino acids 
had a potent buffering action and increased luminal pH 
to around 2.0, similar to L-alanine or L-glutamine. Thus, 
it is assumed that L-arginine and glycine exert a protective 
effect against acid reflux esophagitis due to yet unknown 
mechanisms, although they increase luminal pH and prob-
ably pepsin activity, similar to L-glutamine.

The involvement of endogenous PGs in the mucosal protec-
tion and the functional responses induced in the stomach 
by mild irritants has been demonstrated by many investiga-
tors [21–24]. We previously reported that acid reflux esoph-
agitis was aggravated by indomethacin and SC-560 but not 
rofecoxib, suggesting the participation of COX-1/PGE2 in 
the mucosal defense against esophagitis [25]. Since PGE2 
prevented the development of acid reflux esophagitis at a 
dose that had no influence on acid secretion but increased 
pepsin secretion, the underlying mechanism remained 
unknown. In addition, a previous study showed that L- or 
D-arginine given p.o. provided gastric cytoprotection against 
HCl-induced damage in rats, probably by acting as a mild 
irritant and mediated by endogenous PGs [26]. Thus, it 
is possible that L-arginine or glycine prevented the devel-
opment of esophagitis via adaptive cytoprotection mediat-
ed by endogenous PGs. However, the protective effect of 
these amino acids was not influenced by indomethacin, ex-
cluding the possibility that endogenous PGs are involved 
in the protective action of these amino acids in the esoph-
ageal mucosa.

NO is known to regulate various biological processes in the 
body including the alimentary tract [27,28]. Since L-arginine 
is a substrate for NO production, it is possible that the pro-
tective effect of this amino acid is partly mediated by NO. 
However, the role of NO in the pathogenesis of esopha-
gitis remains controversial [15,29,30]. Ozel et al. [29] re-
ported that the rabbit esophageal mucosa shows mucosal 
adaptation to acid and pepsin, at least partly mediated by 
a NO-dependent mechanism. By contrast, Ishiyama et al. 
[30] showed that exogenous luminal NO exacerbates tis-
sue damage in a reflux esophagitis model of rats. A recent 
study also showed that NO increased pepsinogen secretion in 
the rat stomach via the stimulation of guanylyl cyclase [31]. 
In the present study, we found that the protective effect of 
L-arginine was not significantly antagonized by L-NAME, a 
NO synthase inhibitor. Likewise, the effect of glycine was 
also unaffected by L-NAME. Thus, it is unlikely that these 
amino acids afford protection against acid reflux esopha-
gitis mediated by a NO-dependent mechanism. This idea is 
also supported by the finding that D-arginine had a similar 
protective effect to L-arginine at the same dose, because the 
former amino acid can not be used as a substrate for NO 
production. Additionally, since the effect of L-arginine was 
not mimicked by the intragastric administration of mannitol 
at an equimolar concentration, it is assumed to be brought 
about by the amino acid’s chemical properties and not sim-
ply to be due to its osmolarity.
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Recent studies demonstrated that the esophagus has mech-
anisms to defend against damage from the refluxate, par-
ticularly gastric acid and pepsin, including an antireflux 
barrier (the lower esophageal sphincter), luminal clear-
ance and tissue resistance, increased cell replication, and 
increased blood supply to the esophagus [12–15]. Hence, 
it is assumed that the reflux esophagitis is due to impair-
ments of epithelial defense against acid-pepsin contact 
[20,32]. The mechanisms of these phenomena are not 
well defined, yet might be mediated, at least partly, by en-
dogenous PGs and NO as well as capsaicin-sensitive affer-
ent neurons [7,13,15,16,25]. Since both L-arginine and gly-
cine exhibited protection against acid reflux esophagitis in 
the presence of indomethacin or L-NAME, it is unlikely that 
such protective actions are mediated by endogenous PGs or 
NO. Notwithstanding, it is possible that these amino acids 
prevent acid reflux esophagitis via the amelioration of the 
defensive mechanisms that are mediated by factors other 
than PGs and NO. In the present study, we have not exam-
ined the relation of the protective actions of amino acids 
with the sensory neurons. Further study should certainly be 
necessary to examine this point.

conclusions

Given the findings of the present study, we confirmed the 
involvement of pepsin in the development and exacerba-
tion of esophagitis, and further suggested that amino ac-
ids given orally affect the severity of acid reflux esophagi-
tis in different ways, due to yet unidentified mechanisms; 
L-arginine and glycine are highly protective, while L-alanine 
and L-glutamine are deleterious. The aggravating effect of 
L-alanine and L-glutamine may be explained by the increase 
in pepsin activity due to their buffering capability. Further 
studies are, however, necessary to elucidate the mechanism 
underlying the protective action of L-arginine or glycine, 
despite that both amino acids show a strong buffering ca-
pability, similar to L-glutamine. The present findings may 
lead to the development of a novel therapeutic approach 
in the treatment of reflux esophagitis, in addition to acid 
suppressant therapy.
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