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as a component of foods [8] and secreted into the oral 
cavity as a component of saliva, by nitrate-reducing 
bacteria [9–12]. The nitrite produced in the oral cav-
ity is transformed into nitrous acid (pKa � 3.3) in the 
stomach so that it can be reduced to NO by phenolics 
[3–7]. NO formed in the stomach can increase the 
gastric mucosal blood fl ow and the mucus thickness 
[13,14]. When alcoholic beverages are ingested, in 
addition to NO, ethyl nitrite, which can function as a 
vasodilator [15], may also be produced in the stom-
ach by the reaction of ethyl alcohol with nitrous acid 
(Figure 1C). The production of ethyl nitrite has been 
reported in the acidic mixture of saliva and ethyl alco-
hol [15,16]. 

Thiocyanate is also a component of saliva and func-
tions as a substrate of salivary peroxidase producing 
an antimicrobial component hypothiocyanate ion 
(OSCN–) in the oral cavity [17]. In the stomach, 
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Abstract
Reactions of salivary nitrite with components of wine were studied using an acidic mixture of saliva and wine. The forma-
tion of nitric oxide (NO) in the stomach after drinking wine was observed. The formation of NO was also observed in the 
mixture (pH 3.6) of saliva and wine, which was prepared by washing the oral cavity with wine. A part of the NO formation 
in the stomach and the oral cavity was due to the reduction of salivary nitrite by caffeic and ferulic acids present in wine. 
Ethyl nitrite produced by the reaction of salivary nitrite and ethyl alcohol in wine also contributed to the formation of NO. 
In addition to the above reactions, caffeic acid in wine could be transformed to the oxathiolone derivative, which might have 
pharmacological functions. The results obtained in this study may help in understanding the effects of drinking wine on 
human health. 
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Abbreviations: AU , arbitrary unit; DTCS , N-(dithiocarboxy)sarcosine sodium salt. 

Introduction

Wine has health-promoting properties and benefi cial 
effects on certain diseases, including heart disease 
and cancer, which in turn are attributed to the anti-
oxidative function of phenolics in wine [1,2]. The 
phenolics include a phenylacetic and hydroxycin-
namic acids (Figure 1A) and fl avonoids. Recently, it 
has been reported that the ingestion of red wine 
results in an increase in the concentration of nitric 
oxide (NO) in the stomach and this increase has been 
proposed to be due to the reduction of salivary nitrite 
by phenolics in wine [3] (Figure 1B). The possibility 
of the formation of NO in the stomach by the reduc-
tion of salivary nitrite by dietary phenolics has also 
been reported [4–7]. The phenolics comprise querce-
tin, rutin, caffeic acid and chlorogenic acid [3–7]. 
Nitrite required for NO formation is produced in the 
oral cavity by the reduction of nitrate, which is ingested 
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SCN– reacts with nitrous acid, producing nitrosyl 
thiocyanate (ONSCN) that can be reduced rapidly 
to NO by a component of gastric juice, ascorbic 
acid [18]. In addition, SCN– can react with  o-quinones, 
which are produced in the nitrous acid-dependent 
oxidation of  o-dihydroxyphenolics such as chloro-
genic acid and rutin, under acidic conditions [19,20]. 
The initial reaction products are 2-thiocyanate con-
jugates of chlorogenic acid and rutin that are trans-
formed to the oxathiolone derivatives by hydrolysis 
[19,20]. Caffeic acid (Figure 1A), which has a cate-
chol group, is present in wine [21–23]. This suggests 
that, in addition to NO, 2-thiocyanate conjugates of 
caffeic acid, which could transform to an oxathiolone 
derivative of caffeic acid, might be formed in the 
stomach after drinking wine (Figure 1D). The acidity 
of wine also led us postulate that NO, ethyl nitrite 
and an oxathiolone derivative of caffeic acid might be 
produced in the oral cavity after drinking wine. 

The objectives of this study were to investigate the 
formation of ethyl nitrite and an oxathiolone deriva-
tive of caffeic acid in the stomach after the ingestion 
of wine, confi rming the formation of NO in the 
stomach, and to investigate the formation of NO and 

ethyl nitrite in the mixture of saliva and wine in the 
oral cavity. 

Materials and methods 

Reagents and wine  

N-(Dithiocarboxy)sarcosine sodium salt (DTCS) was 
obtained from Dojin (Kumamoto, Japan). 4-Hydroxy-
3-methoxyphenylacetic acid, 3,4-dihydroxybenzalde-
hyde,  p-coumaric acid, caffeic acid, ferulic acid, 
vanillin and ethyl nitrite were obtained from Wako 
Pure Chem. Ind. (Osaka, Japan). California white 
wine (table wine; pH  ∼ 3.3) was obtained from a local 
market. According to the information available from 
the label on the bottle, the alcohol concentration of 
this wine is 9.5% (v/v). 

NO in expelled air

It has been reported that wine induces the production 
of NO in the stomach [3]. In this study, we, at fi rst, 
performed experiments to confi rm the above-
mentioned result. Healthy volunteers (age range, 
50–60 years) were fasted for 4 h after they had their 
lunch. During the fasting, they could consume only 
water whenever required. The voluntary regurgitation 
of air was collected in a gas-tight bag after an intake 
of 300 ml of carbonated water (Suntory Foods; Tokyo, 
Japan) under fasting conditions. Fifteen-to-thirty 
minutes after the collection of the expelled air, 150 ml 
of white wine was ingested. Carbonated water (300 ml) 
was given again 10–15 min after the ingestion of white 
wine to collect the air expelled from the stomach in 
the gas-tight bag. The protocol to collect the expelled 
air was designed according to the methods described 
in previous studies [3,24]. NO in the gas-tight bag was 
quantifi ed using a nitrogen oxide detector tube (11L, 
Gastec; Ayase, Japan). The detector can detect (NO �
NO2) in the concentration range from 0.2–5 ppm. 

Measurements of electron spin resonance spectra  

Electron spin resonance (ESR) spectra were measured 
using an ESR spectrometer JE1XG (JOEL, Tokyo, 
Japan) at 25°C using a quartz fl at cell (50 μl) under 
the following conditions [4,5]: microwave power, 
10 mW; scanning speed, 5 mT/min; line width, 0.5 mT; 
and amplifi cation, 250- or 1000-fold. NO produced 
in the mixture of nitrite and wine was trapped by 
Fe(DTCS) 2. The Fe(DTCS) 2 solution was prepared 
by adding 0.03 ml of 100 mM FeCl 3 to 1 ml of 10 mM 
DTCS that was dissolved in 0.1 M sodium phosphate 
(pH 7.6). 

The formation of NO was studied in the following 
reaction mixtures (Figure 2). (A) White wine itself 
(pH 3.3; 0.25 ml) was incubated for 1 min after the 
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(A) Phenolic compounds found in this study
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(C) Reaction of ethanol with nitrous acid

CH3H2COH + HNO2            CH3CH2CONO + H2O

(B) Reduction of nitrous acid to NO by phenolics

HNO2 + PhOH            NO + PhO. + H2O
 (PhOH, Phenolics; PhO., phenoxy radicals)

Figure 1. Chemical structures and reactions concerned in this 
study. (1), (2), (3) and (4) in (D) are caffeic acid, its o-quinone
form, 2-thiocyanatecaffeic acid and oxathiolone derivative of caffeic 
acid, respectively.
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addition of various concentrations of NaNO 2 and 
then 0.25 ml of Fe(DTCS) 2 was added. After the 
addition of Fe(DTCS) 2, the pH was 6.6. (B) the 
white wine (0.125 ml) was mixed with 0.125 ml of 
50 mM KCl-HCl buffer (pH 1.3). The pH of the 
mixture was 1.94. After the addition of NaNO 2, the 
mixture was incubated for 1 min and then Fe(DTCS) 2
(0.25 ml) was added. After the addition of Fe(DTCS) 2,
the pH was 6.6. (C) The oral cavity was washed for 
30 s with 5 ml of white wine and the wine was spat 
out into a beaker. The solution obtained by the wash-
ing should contain saliva and other components in 
the oral cavity. In the following sections, the spit 
obtained by the washing is referred to as the mixture 
of saliva/wine. The volume and the pH of the mixture 
of saliva/wine were  ∼ 5 ml and  ∼ 3.6, respectively. After 
keeping the mixture of saliva/wine for a further 30 s, 
0.25 ml of Fe(DTCS) 2 was added to 0.25 ml of the 

mixture. The pH after the addition of the Fe(DTCS) 2
was 6.6. As a control, the oral cavity was washed for 
30 s with 5 ml of 50 mM citric acid/sodium citrate 
buffer (pH 3.3). The volume of the mixture of saliva 
and citrate buffer (in the following, the mixture of 
saliva/citrate buffer) was  ∼ 5.6 ml and the pH was  
∼ 3.6. After keeping the mixture of saliva/citrate buffer 
for a further 30 s, 0.25 ml of Fe(DTCS) 2 was added 
to 0.25 ml of the mixture. After the addition of 
Fe(DTCS) 2, the pH was 6.3. (D) The oral cavity was 
washed with wine or citrate buffer as (C) and the pH 
of the mixtures of saliva/wine and saliva/citrate buffer 
was adjusted to 2 by adding a small volume of 1 M 
HCl simulating the mixture of saliva and gastric juice. 
The mixtures of pH 2 were incubated for 30 s and 
then Fe(DTCS) 2 (0.5 ml) was added to 0.25 ml of 
the each mixture of saliva/wine and saliva/citrate buf-
fer (pH 2) to measure the ESR spectra. After the 
addition of Fe(DTCS) 2, the pH values were in the 
range of 6.6–6.8. 

HPLC

Formation of ethyl nitrite and changes in the concen-
tration of phenolics in wine were studied using a 
Shim-pack CLC-ODS column (6 mm i.d. � 15 cm; 
particle size, 5 μm) combined with a spectrophoto-
metric detector with a photodiode array (SPD M10A) 
(Shimadzu; Kyoto, Japan). The reaction mixture con-
tained 1 mM NaNO 2 in wine (pH 3.3) or in the mix-
ture of 0.5 ml of 50 mM KCl-HCl buffer (pH 1.3), 
the pH of which was 1.94. After incubation for 1 min, 
10 μl of each reaction mixture was applied to the 
HPLC column described above. Ethyl nitrite was 
separated using a mixture of methanol and 25 mM 
KH2PO4 (3:2, v/v) as the mobile phase and detected 
at 350 nm. Phenolics were separated using the mix-
ture of methanol and 25 mM KH 2PO4 (1:2, v/v) as 
the mobile phase and detected at 280 nm. 
The fl ow rate of the mobile phases was 1 ml/min. 

Products that were formed by the reaction of nitrite 
with caffeic acid were also studied using the above-
mentioned HPLC system. The mobile phase used was 
a mixture of methanol and 25 mM KH 2PO4 (1:2, v/v), 
and the fl ow rate was 1 ml/min. The reaction mixture 
contained 0.1 mM caffeic acid and 0.1 mM NaNO 2
in 50 mM KCl-HCl buffer (pH 2.0) or 0.1 mM caf-
feic acid and 0.2 mM NaNO 2 in 50 mM sodium 
citrate-HCl buffer (pH 3.3). After incubation for 
defi ned periods, an aliquot (20 μl) of each reaction 
mixture was applied to the HPLC column. 

Preparation of an oxathiolone derivative of caffeic acid  

The oxathiolone derivative of chlorogenic acid [( E)-
5’-(3-(7-hydroxy-2-oxobenzo[ d][1,3]oxathiol-4-yl)
acryloyloxy)quinic acid] was prepared according to 

             (B)  

             Wine +
50 mM KCl-HCl (pH 1.3)

Incubation

+ nitrite 

Measurment of
ESR signal

+ Fe(DTCS)2

Mixture (pH 1.9)

 (A)

Incubation

+ nitrite 

Measurment of
ESR signal

+ Fe(DTCS)2

Wine (pH 3.3)

+ Fe(DTCS)2

              (C)  

Washing oralcavity
with wine or
citrate/citric acid
buffer (pH 3.3)

Incubation

Measurment of
ESR signal

+ Fe(DTCS)2

              (D)  

Washing oralcavity
with wine or
citrate/citric acid
buffer (pH 3.3)

Incubation

Measurment of
ESR signal

Mixture of saliva/wine
or saliva/citrate
(pH 3.6)

+ HCl

pH 2

Mixture of saliva/wine
or saliva/citrate
(pH 3.6)

Figure 2. Procedures to prepare the mixtures for measurement of 
ESR spectra.

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

Sa
sk

at
ch

ew
an

 o
n 

12
/0

5/
11

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



296 U. Takahama et al.

the method reported previously [19]. One milligram 
of the compound was suspended in 2 ml of 2 M HCl 
and incubated for 30 min at  ∼ 92°C. After extraction 
of the acidic solution with ethyl acetate, the ethyl 
acetate fraction was analysed by HPLC using the 
ODS column described above. The mobile phase 
used was a mixture of methanol and 25 mM KH 2PO4
(1:2, v/v). The results showed that the oxathiolone 
derivative of chlorogenic acid, which had a retention 
time of  ∼ 10.3 min and absorption peaks at 230 and 
309 nm in the above mobile phase, was transformed 
to a new component. The new component had a 
retention time of 16.5 min and absorption peaks at 
227 and 293 nm. The component was considered to 
be the oxathiolone derivative of caffeic acid because 
the quinic acid moiety of the oxathiolone derivative 
of chlorogenic acid would undergo hydrolysation dur-
ing the incubation under acidic conditions, producing 
the oxathiolone derivative of caffeic acid. 

Detection of 2-thiocyanatecaffeic acid  

Mixed whole saliva was collected and fi ltered as 
described previously [20]. The mixture of whole saliva 
fi ltrate (0.5 ml), wine (0.5 ml) and 50 mM KCl-HCl 
buffer (pH 1.3, 1.0 ml) was prepared and the pH was 
determined to be 1.9. Caffeic acid (10 μM), sodium 
nitrite (0.1 mM) and NaSCN (0.5 mM) were added 
when required. After the incubation for 10 min at 
room temperature (∼ 25°C), the mixture was extracted 
twice with 5 ml of ethyl acetate. The ethyl acetate 
extracts were combined and dehydrated with sodium 
sulphate. After the evaporation of ethyl acetate with a 
rotary evaporator, the residue was dissolved in 0.2 ml 
of the mixture of methanol and 25 mM KH 2PO4
(1:2, v/v). An aliquot (20 μl) of the solution was 
applied to the HPLC column described above to 
separate 2-thiocyanate caffeic acid. The mixture of 
methanol and 25 mM KH 2PO4 (1:2, v/v) was used 
as the mobile phase and the fl ow rate was 1 ml/min. 

Results and discussion 

Wine-induced increase in NO concentration in 
expelled air

The concentration of (NO � NO 2) in the air expelled 
from the stomach increased from 0.70 � 0.51 ppm 
to 2.04 � 1.48 ppm ( n �  7:  p � 0.039, paired  t-test) by 
the ingestion of white wine. This result is consistent 
with a previous report that the ingestion of red wine 
increases the concentration of NO in the air expelled 
from the stomach [3]. In this study, NO might 
be mainly detected by the (NO � NO 2) detector tube 
because it is a primary reaction product of nitrite 
under the conditions of this study. The slow reaction 
of gaseous NO with gaseous O 2 may support that NO 

might be mainly detected by the nitrogen oxide detec-
tor tube used in this study; the half-life of 1 ppm of 
gaseous NO in the atmosphere was calculated to be  
∼ 56 h using the rate constant of 1.4 � 10 4 M –2 s –1

[25]. Even if NO 2 was produced by the reaction of 
NO with O 2, the concentration of NO 2 would be 
decreased by the reaction with NO leading to the 
formation of N 2O3. The concentration of NO detected 
in the air expelled from the stomach was higher than 
0.2 ppm and NO was not detected in the air exhaled 
by breathing in this study, suggesting that NO detected 
in this study was mainly from the stomach. It has been 
reported that the concentration of NO in the air 
exhaled by breathing is 4 � 1 ppb and the air expelled 
from the stomach ranges from 0.6–2.6 ppm [24], sup-
porting the idea that NO detected in this study was 
from the stomach. 

Formation of NO in the mixture of saliva/wine  

Figure 3 shows typical data for the formation of NO 
in the mixtures of saliva/citrate buffer and saliva/wine 
prepared by washing the oral cavity with citrate buffer 
and wine, respectively, as shown in Figure 2C. No clear 
ESR signal of NO-Fe(DTCS) 2 was detected when 
Fe(DTCS) 2 was added to the mixture of saliva/citrate 

Figure 3. Concentration of NO in spit prepared after washing the 
oral cavity with acidic buffer or wine. (A) Washing with citrate/citric 
acid buffer; (B) washing with wine; (C) after washing with citrate/
citric acid buffer, the pH of the spit was decreased to 2; (D) after 
washing with wine, the pH of the spit was decreased to 2; (E) as 
in (D) except for the addition of 0.1 mM NaNO2 just after the 
decrease in pH. ESR spectra were started recording 2 min after the 
addition of Fe(DTCS)2. Amplifi cation, 1000-fold.
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buffer (trace A), whereas the signal was detected 
when Fe(DTCS) 2 was added to the mixture of saliva/
wine (trace B). The signal at 333.3 mT was from 
Fe(DTCS) 2 itself. When the pH of the mixture of 
saliva/citrate buffer was decreased to 2, as in Figure 
2D, a very weak signal of NO-Fe(DTCS) 2 was 
detected by the addition of Fe(DTCS) 2 (trace C), 
whereas when the pH of the mixture of saliva/wine 
was decreased to 2, an intense signal was detected by 
the addition of Fe(DTCS) 2 (trace D). The signal 
intensity of NO-Fe(DTCS) 2 at pH 2 was stronger 
than that at pH 3.6, indicating that the formation of 
NO was faster at pH 2 than at 3.6. The addition of 
0.1 mM nitrite to the mixture of saliva/wine (pH 2) 
resulted in an enhanced formation of NO-Fe(DTCS) 2
(trace E). The concentration of nitrite in the mixture 
of saliva/wine was estimated to be 0.06 mM by com-
paring the signal intensity before and after the addi-
tion of 0.1 mM nitrite (Figure 3, traces D and E). 
The result in Figure 3 indicates that NO was pro-
duced if wine was mixed with saliva in the oral cavity 
and that the production of NO could continue after 
swallowing the mixture into the stomach. Further-
more, the above-mentioned result suggests that sali-
vary nitrite contributed to the formation of NO. 

The intensity of ESR signal of NO-Fe(DTCS) 2 just 
after the addition of Fe(DTCS) 2 to the reaction mix-
ture would refl ect the concentration of NO in the 
mixture, and the signal intensity of NO-Fe(DTCS) 2
would be kept constant if NO production ceased after 
the addition of Fe(DTCS) 2. However, a slow increase 
in the intensity of the ESR signal was observed in 
trace B in Figure 3 after the addition of Fe(DTCS) 2,
and the rate was  ∼ 0.1 arbitrary unit per min (AU/min). 
Such a slow increase in the intensity of the signal was 
also observed in trace E in Figure 3 and the rate was  
∼ 0.6 AU/min. The slow increase in the ESR signal 
will be discussed later. 

Nitrite-induced formation of NO in wine  

Salivary nitrite seemed to contribute to the NO for-
mation in the mixture of saliva/wine. Next, we studied 
the effects of nitrite on the formation of NO in wine 
itself. No NO-Fe(DTCS) 2 was detected in the mix-
ture of wine and Fe(DTCS) 2, the pH of which was 
6.6. After mixing Fe(DTCS) 2 with wine, 1 mM nitrite 
was added and then the ESR spectra were measured. 
The ESR signal of NO-Fe(DTCS) 2 was not detected 
immediately after the addition of nitrite, but the sig-
nal intensity increased slowly during the incubation 
at the rate of 0.2 AU/min. There were three possi-
bilities for the slow increase in the ESR signal inten-
sity of NO-Fe(DTCS) 2: (i) self-decomposition of nitrite 
producing NO, (ii) the reduction of nitrite to NO by 
the reductants in wine, and (iii) the decomposition of 
ethyl nitrite that was produced by the reaction of 

nitrite with ethyl alcohol in wine. Possibility (iii) can 
be excluded for the slow increase because the reaction 
between nitrite and ethyl alcohol producing ethyl 
nitrite does not proceed when the pH is higher 
than 4 [15]. 

Nitrite (0.2 or 1 mM) was added to 25 mM citrate/
citric acid buffer (pH 3.3). After incubation for 1 min, 
Fe(DTCS) 2 was added. A small ESR signal of NO-
Fe(DTCS) 2 was observed but the subsequent increase 
in the signal of NO-Fe(DTCS) 2 was not observed 
(Figure 4, upper panel, closed circles). When nitrite 
was added to 50 mM KCl-HCl buffer (pH 2.0) fol-
lowed by Fe(DTCS) 2, a weak ESR signal of NO-
Fe(DTCS) 2 was observed and the intensity of the 
signal of NO-Fe(DTCS) 2 did not increase subse-
quently (Figure 4, lower panel, closed circles). 
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The results indicate that the conversion of nitrite 
to NO by self-decomposition could proceed at pH 
values of 2 and 3.3 and that the self-decomposition 
producing NO did not proceed after the addition 
of Fe(DTCS) 2, excluding possibility (i) and remain-
ing possibility (ii) for the slow formation of 
NO-Fe(DTCS) 2 that was observed by the addition of 
1 mM nitrite to the mixture of Fe(DTCS) 2 and wine, 
the pH of which was pH 6.6. 

Wine was incubated for 1 min after the addition of 
nitrite, and then mixed with Fe(DTCS) 2, as shown in 
Figure 2A. The mixing of the wine with Fe(DTCS) 2
resulted in the detection of the ESR signal of NO-
Fe(DTCS) 2 (Figure 4, upper panel, open circles), 
indicating the production of NO in the nitrite-
containing wine before the addition of Fe(DTCS) 2.
Time courses of the increase in the ESR signal inten-
sity after the mixing of Fe(DTCS) 2 with the nitrite-
containing wine showed slow increases in the intensity 
of the ESR signal of NO-Fe(DTCS) 2 following the 
initial rapid increase. The initial intensity in the ESR 
signal of NO-Fe(DTCS) 2, which could be estimated 
by the extrapolation of the slow increase to time zero 
and would refl ect the concentration of NO just before 
the addition of Fe(DTCS) 2, was dependent on the 
concentration of nitrite added. The rate of the slow 
increase was also dependent on the concentration of 
nitrite added, and the rates were 1.1, 3.2, 6.7, and 
14.2 AU/min in the presence of 0.1, 0.2, 0.4, and 
1.0 mM nitrite, respectively. When nitrite was added 
to the mixture of wine and 50 mM KCl-HCl buffer 
(pH 1.3), followed by the addition of Fe(DTCS) 2 as 
in Figure 2B, the intensity of the ESR signal of NO-
Fe(DTCS) 2 increased, as shown in the lower panel of 
Figure 4. The result was essentially the same as the 
result shown in the upper panel. The initial signal 
intensity of NO-Fe(DTCS) 2 was dependent on the 
concentration of nitrite added and rates of the slow 
increase were 1.7, 3.7 and 13.5 AU/min in the pres-
ence of 0.2, 0.4 and 1.0 mM nitrite, respectively. 

The signal of NO-Fe(DTCS) 2 detected just after 
the mixing of Fe(DTCS) 2 with the nitrite-containing 
wine may refl ect the concentration of NO in the reac-
tion mixture as described above, but the slow increase 
in Figure 4 remains to be elucidated. The rate of the 
slow increase of NO-Fe(DTCS) 2 , which was observed 
after the mixing of Fe(DTCS) 2 with wine that was 
supplemented with 1 mM nitrite, was  ∼ 14 AU/min 
(Figure 4), whereas the rate of the formation of NO-
Fe(DTCS) 2 after the addition of 1 mM nitrite to the 
mixture of Fe(DTCS) 2 and wine, which might pro-
ceed by possibility (ii), was 0.2 AU/min (see above). 
Since ethyl nitrite could be produced under the for-
mer experimental conditions but not under the latter 
experimental conditions and ethyl nitrite could 
decompose producing NO [15,16], the slow increase 
in the intensity of the ESR signal of NO-Fe(DTCS) 2

in Figure 4 could be explained by possibility (iii), 
namely, the decomposition of ethyl nitrite. 

Taking the above-mentioned discussion into con-
sideration, the slow formation of NO-Fe(DTCS) 2
after the addition of Fe(DTCS) 2 to the acidic mixture 
of saliva/wine (see description related to Figure 3) can 
be explained as below. The concentrations of nitrite 
in the mixtures of saliva/wine were estimated to be 
0.06 and 0.16 mM in traces B and E, respectively 
(Figure 3). If the slow formation of NO-Fe(DTCS) 2
proceeded by possibility (ii), namely, by the reduction 
of nitrite to NO by the reductants in wine after the 
addition of Fe(DTCS) 2 to the mixture of saliva/wine, 
the rates of the slow formation of NO-Fe(DTCS) 2
in traces B and E can be calculated to be 0.012 
and 0.032 AU/min, respectively, using the rate of 
NO-Fe(DTCS) 2 formation in the presence of 1 mM 
nitrite (0.2 AU/min, see above). The calculated rates 
were much smaller than the rates of the slow forma-
tion of NO-Fe(DTCS) 2 observed by the addition of 
Fe(DTCS) 2 to the mixture of saliva/wine (0.1 and 
0.63 AU/min in traces B and E, respectively). 
The result suggests that the slow formation of NO-
Fe(DTCS) 2 observed after the addition of Fe(DTCS) 2
to the mixture of saliva/wine might also be explained 
by possibility (iii) (production of NO by the decom-
position of ethyl nitrite) but not by possibility (ii) 
(reduction of nitrite to NO by the reductants in wine). 
Since ethyl nitrite seemed to contribute to the slow 
formation of NO-Fe(DTCS) 2, we studied the nitrite-
induced formation of ethyl nitrite using wine. 

Nitrite-induced formation of ethyl nitrite and oxidation 
of hydroxycinnamic acids in wine 

Figure 5 shows the nitrite-induced formation of ethyl 
nitrite in the mixture of wine and 50 mM KCl-HCl 
buffer (pH 1.3). During the incubation for 1 min, a 
new peak was observed at a retention time of  ∼ 8.2
min (compare Figures 5A and B). When wine itself 
was incubated with 1 mM nitrite for 1 min the new 
peak was also observed (data not shown). The reten-
tion time and the absorption spectrum (Figure 5C) 
were identical to those of standard ethyl nitrite, sup-
porting the nitrite-induced formation of ethyl nitrite 
in wine as in the acidic mixture of ethyl alcohol and 
nitrite [15,16]. The concentration of ethyl nitrite in 
wine decreased slowly with a half-life of  ∼ 7 min. Since 
it has been reported that ethyl alcohol can react with 
nitrite producing ethyl nitrite when the pH is lower 
than 4 [15], the above-mentioned result suggests that, 
after the ingestion of wine, ethyl alcohol in wine can 
be transformed to ethyl nitrite in the oral cavity and 
in the stomach. The detection of ethyl nitrite in the 
blood after the administration of ethyl alcohol has 
been reported [26]. If ethyl nitrite is produced in the 
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oral cavity and in the stomach after drinking wine, it 
might also be detectable in the blood. 

The formation of ethyl nitrite during the incuba-
tion for 1 min accompanied the disappearance of peak 
X (compare Figures 5A and B) and the absorption 
spectrum of peak X suggested that peak X might be 
constituted of hydroxycinnamic acids. The concentra-
tion of the hydroxycinnamic acid-like components 
was also decreased by the addition of 1 mM nitrite 
to wine (pH 3.3), although the decrease in the con-
centration in wine (half-life,  ∼ 7 min) was slower than 
that in the mixture of wine and 50 mM KCl-HCl 
(pH 1.3). One of the reasons for the difference in the 
rate between the pH values might be the difference 
in the concentration of nitrous acid that could con-
tribute to oxidation of hydroxycinnamic acids. 

Hydroxycinnamic acids in wine were separated by 
HPLC using the mixture of methanol and 25 mM 
KH2PO4 (1:2, v/v) as the mobile phase. Six peaks 
were separated when the mixture of wine and 
50 mM KCl-HCl (pH 1.3) was analysed (Figure 6). 

The components of peaks 2, 5 and 6 were identifi ed 
to be caffeic,  p-coumaric and ferulic acids (Figure 1A), 
respectively, by comparing the retention times and 
absorption spectra with their standard compounds, 
and their concentrations were estimated to be 10, 4.5 
and 1.5 μM, respectively. The presence of these 
hydroxycinnamic acids in wine has been reported 
[20–23]. It is clear from Figure 6 that 1 mM nitrite 
decreased the concentration of caffeic (peak 2) and 
ferulic acid (peak 6) and the concentrations of caffeic 
and ferulic acids after 1-min incubation were less than 
10% of their initial concentrations. The component 
of peak 1, the concentration of which was not 
decreased by nitrite, was identifi ed to be 4-hydroxy-
3-methoxyphenylacetic acid (Figure 1A) by compar-
ing the retention time and absorption spectrum with 
the standard compound. The components of peaks 3 
and 4 could not be identifi ed, although nitrite 
decreased the concentration of the component of 
peak 4. When 1 mM nitrite was added to the wine 
itself, the concentration of caffeic and ferulic acids 
decreased slowly, and their concentrations after 
20-min incubation were  ∼ 10% of their initial concen-
trations (data not shown). 

Figure 5. Nitrite-induced formation of ethyl nitrite in wine. Wine 
(1 ml) was mixed with 1 ml of 50 mM KCl-HCl buffer (pH 1.3) 
and then nitrite was added. (A) without nitrite; (B) 1 min after the 
addition of 1 mM NaNO2; (C) absorption spectrum of ethyl nitrite 
(EtO-NO in (B)). X in (A), a component disappeared by nitrite.

Figure 6. Nitrite-induced decrease in the concentrations of 
components in wine. Wine (1 ml) was mixed with 1 ml of 50 mM 
KCl-HCl buffer (pH 1.3). (A) Before the addition of nitrite; (B) 
1 min after the addition of 1 mM nitrite.
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The nitrite-induced formation of NO accompany-
ing the decrease in concentration of the hydroxycin-
namic acids suggests that NO can be formed by the 
hydroxycinnamic acid-dependent reduction of nitrous 
acid when wine is mixed with saliva and when the pH 
of the mixture is decreased to  ∼ 2 in the stomach. In 
addition to the hydroxycinnamic acids, catechins and 
fl avonols [22,23] might also contribute to the reduc-
tion of nitrous acid after the ingestion of wine. In this 
study, nitrite-induced nitration and nitrosation of the 
phenolics in wine were not investigated. 

Reactions of nitrous acid with caffeic acid in the 
presence of SCN –

It has been reported that caffeic acid reacts with 
nitrite under acidic conditions and some of the prod-
ucts have been identifi ed [27]. In this study, it was 
shown that nitrite could react with caffeic acid in 
wine. Since a salivary component SCN– can affect the 
reactions between nitrous acid and  o-diphenolics
[17,18], the effects of SCN– on the reaction between 
nitrous acid and caffeic acid were investigated. When 
caffeic acid was incubated with nitrite at pH 2 in the 
absence of SCN–, peak p-1 was detected (Figure 7, 
upper panel). The component of peak p-1 was identi-
fi ed to be 3,4-dihydroxybenzaldehyde by comparing 
the retention time and absorption spectrum with the 
standard compound, and the concentration increased 
as a function of incubation time. The formation of 
3,4-dihydroxybenzaldehyde in an acidic mixture of 
nitrite and caffeic acid [27] and also in the mixture 
of iron and a wine-like medium [28] has been 
reported. 

When caffeic acid was incubated with nitrite at 
pH 2 in the presence of SCN–, in addition to peak 
p-1, p-2 and p-3 were detected and their retention 
times were  ∼ 11.5 and 16 min, respectively (Figure 7, 
upper panel). The absorption spectra of peak p-2 
(maxima, 240 and 296 nm) and peak p-3 (maxima, 
227 and 293 nm) (Figure 7, middle panel) resembled 
2-thiocyanatechlorogenic acid (maxima, 240 and 311 
nm) and the oxathiolone derivative of chlorogenic 
acid (maxima, 230 and 311 nm) [19], respectively. 
The concentration of the component of peak p-2 
decreased accompanying the increase in the concen-
tration of the component of peak p-3 (Figure 7, lower 
panel). Such kinetics has been observed for the for-
mation of the oxathiolone derivative of chlorogenic 
acid from 2-thiocyanatechlorogenic acid [19]. The 
retention time and absorption spectrum of the com-
ponent of peak p-3 were identical to those of the com-
ponent obtained by acid hydrolysis of the oxathiolone 
derivative of chlorogenic acid, namely, ( E)-5’-(3-(7-
hydroxy-2-oxobenzo[ d][1,3]oxathiol-4-yl)acryloyloxy)
quinic acid. Therefore, we identifi ed that the compo-
nent of peak p-3 was the oxathiolone derivative of 

caffeic acid [(7-hydroxy-2-oxo-benz[1,3]oxathiol-4yl) 
acrylic acid], which might be formed by hydrolysis of 
2-thiocyanatecaffeic acid of peak p-2. The formation 
of the components corresponding to peaks p-2 and 
p-3 could not be detected when 0.1 mM caffeic acid 
was incubated with 0.2 mM nitrite plus 1 mM NaSCN 

Figure 7. Effects of SCN– on nitrite-induced transformation of 
caffeic acid. The reaction mixture (1 ml) contained 0.1 mM caffeic 
acid and 0.1 mM NaNO2 in 50 mM KCl-HCl buffer (pH 2.0). 
Upper panel: HPLC after incubation for 10 min. (A) without 
SCN–; (B) 1 mM NaSCN. Middle panel: Absorption spectra. p-2, 
spectrum of peak p-2; p-3, spectrum of peak p-3. Lower panel: 
Change in the concentration of components as a function of 
incubation time. , caffeic acid; , component of peak p-2; 

, component of peak p-3.
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in 50 mM citrate-HCl buffer (pH 3.3). One of the 
reasons for the failure of the detection at pH 3.3 may 
be the much lower concentration of HSCN (pKa ≈
0.8) that can react with quinones producing a thio-
cyanate conjugate (Figure 1D). 

Ferulic acid was readily oxidized and nitrosylated 
by nitrite under acidic conditions and the products 
including vanillin have been identifi ed [29,30]. In this 
study, the production of vanillin was confi rmed in the 
acidic mixture of ferulic acid and nitrite, but SCN–

had no signifi cant effects on the formation of the reac-
tion products. 

Formation of 2-thiocyanatecaffeic acid in the mixture 
of saliva and wine  

The components corresponding to peaks p-2 and p-3 
were produced in the mixture of caffeic acid, nitrite 
and SCN– in the buffer solution at pH 2. Then the 
formation of 2-thiocyanatecaffeic acid (p-2) was 
examined in the mixture of saliva/wine/acidic buffer 
at pH 1.94 (Figure 8). The mixture was incubated for 
10 min and extracted with ethyl acetate, but the com-
ponent corresponding to peak p-2 in could not be 
detected in the extract. The addition of 10 μM caffeic 
acid to the mixture seemed to result in the formation 
of the component (an arrow in Figure 8A), which was 
confi rmed by the addition of 10 μM caffeic acid 
together with 0.1 mM nitrite and 0.5 mM NaSCN 
to the mixture (an arrow in Figure 8B). The retention 
time (11.5 min) and absorption spectrum (240 and 
296 nm) of the component were identical to those 
of peak p-2 in Figure 7. If 2-thiocyanatecaffeic acid 
was formed in the mixture of saliva/wine at pH 2, the 
component would also be formed in the stomach after 
drinking wine and its formation would be enhanced 

by increases in the concentrations of caffeic acid, 
nitrite and SCN–. The concentration of caffeic acid in 
wine can increase to  ∼ 60 μM depending on the grapes 
used to produce wine [21–23] and the salivary con-
centrations of nitrite and SCN– can increase to  ∼ 1
and  ∼ 2 mM, respectively [8,31,32]. Although 2-thio-
cyanatecaffeic acid was detected in the mixture of 
saliva/wine/acidic buffer, the oxathiolone derivative of 
caffeic acid could not be detected. The detection fail-
ure was due to the presence of a component in wine, 
which absorbed UV light strongly and had a retention 
time similar to that of the oxathiolone derivative 
(Figures 7 and 8). 

Thiocyanate conjugates, which transform to com-
ponents with an oxathiolone moiety, are formed in 
the acidic mixtures of saliva and coffee [19] and saliva 
and dough prepared from buckwheat fl our [20]. 
In this study, caffeic acid in wine was suggested to be 
transformed to the oxathiolone derivative of caffeic 
acid in the stomach via 2-thiocyanatecaffeic acid. The 
compounds with an oxathiolone moiety have been 
reported to have some pharmacological functions 
such as anti-fungal, bacteriostatic and cytostatic 
activities [33,34]. In the compounds, 6-hydroxy-1,
3-benzoxathiol-2-one is used for the treatment of acne 
[31] and some compounds with an oxathiolone moi-
ety have been indicated to be able to inhibit inhibitory 
kappaB kinase beta [35] and carbonic anhydrase [36]. 
In addition, compounds with an oxathiolone moiety 
are also reported to have alkyl radical scavenging 
activity [37]. 

Concluding remarks 

In this study, it was shown that the mixture of saliva/
wine could produce NO under pH conditions of 2 
and 3.6, indicating that the ingestion of wine resulted 
in the formation of NO in the oral cavity as well as 
in the stomach. In addition to NO, ethyl nitrite seemed 
to be produced in the oral cavity as well as in the 
stomach. Two pathways are possible for the formation 
of NO after the ingestion of wine. One is the reduc-
tion of nitrite by phenolics that are contained in wine 
and the other is the decomposition of ethyl nitrite 
producing NO and ethyl radicals. It has been reported 
that NO formed in the stomach can increase the 
activities of the stomach [13,14,38]. Therefore, the 
results obtained in this study indicate that the use of 
wine as an aperitif can be benefi cial. The increased 
formation of NO after drinking wine may also result 
in the inhibition of the growth of microorganisms 
[39–41] and the increase in mucosal blood fl ow and 
mucus thickness [13,14] in the stomach. These actions 
of NO may aid in preventing stomach ulcers and gas-
tritis [42,43]. Ethyl nitrite formed in the stomach may 
be transported from the stomach to the whole body 
and may function as a vasodilator [15]. Oxathiolone 

Figure 8. Formation of a thiocyanate conjugate of caffeic acid in 
mixture of saliva and wine. The reaction mixture (2 ml) contained 
0.5 ml of saliva, 0.5 ml of wine and 1 ml of 50 mM KCl-HCl buffer 
(pH 1.3). (A) 10 μM caffeic acid; (B) A plus 0.1 mM NaNO2 and 
0.5 mM NaSCN. Downward arrows, thiocyanate conjugate of 
caffeic acid.
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derivatives are produced in the stomach but not in 
the oral cavity after the ingestion of phenolics and, 
at present, their functions have not been fully 
elucidated. 

Declaration of interest : The authors report no con-
fl icts of interest. The authors alone are responsible for 
the content and writing of the paper. 
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