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Abstract

Ammonia is a metabolite of amino acids in dietary proteins. Excess ammonia is toxic to the
human body and causes central nervous system dysfunctions. Therefore, it is catabolized into
urea, a non-toxic substance, by the urea cycle in the liver. Measurements of blood ammonia
levels are used to clinically detect liver dysfunctions; however, the methods currently used to
assess ammonia levels have a number of limitations and require complex technical methods as
well as expensive analytical instruments. In the present study, we attempted to develop a quick
and easy method to detect ammonia using a spectrophotometer. We observed color changes
and analyzed the absorption spectrum of aqueous ammonia after the addition of phenol and
sodium hypochlorite pentahydrate (NaOCI-5H20), which is a strong oxidant. We also examined
the oxidation reaction of ammonia using liquid chromatography time-of-flight mass spectrometry
(LC/TOF-MS). The results obtained showed that aqueous ammonia turned blue in color and
showed unique absorption and mass spectra following the addition of phenol and NaOCI-5H20.
This spectrophotometric method may enable ammonia to be detected in sample solutions without

expensive analytical instruments or complex methods.
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Introduction

Ammonia is generated from amino acids contained
in dietary proteins through modifications to their
metabolism by intestinal bacteria and several metabolic
reactions, such as the glutamate dehydrogenase and
purine nucleotide cycle pathways, in mammals'?.
Although ammonia contains nitrogen, an essential
substrate for the biosynthesis of amino acids, proteins,
and nucleic acids, a blood ammonia level higher than
50uM is toxic and causes central nervous system
dysfunctions*”. Therefore, excess ammonia is detoxified
and converted to urea by the urea cycle in the
liver®. Accordingly, liver dysfunctions are associated

with elevated ammonia levels and, ultimately,
hyperammonemia”.

A number of methods are currently available to
measure ammonia, including enzyme-based assays, ion-
selective electrodes (ISEs), and liquid chromatography
coupled to mass spectrometry (LC-MS)*'”; however,
these methods have various limitations. Enzyme-based
assays are sensitive to several factors, such as salt
concentrations and its metabolites®, while ISEs and LC-
MS involve complex technical methods and require
expensive analytical instruments® 19

In the present study, we attempted to develop a
quick and easy method to detect ammonia using a
spectrophotometer, which is used at many research
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institutes and clinical laboratories. We measured the
absorption and mass spectra of aqueous ammonia
after the addition of phenol and sodium hypochlorite
pentahydrate (NaOCI-5H:0), a strong oxidant with
a solid (finely ground) form. The results obtained
suggest that the blue color change observed in aqueous
ammonia after the addition of phenol and NaOCI-5H-O
exhibited a characteristic spectrum, and this new
method may be useful for detecting ammonia in sample
solutions.

Materials and Methods
Reagents

Aqueous ammonia (28-30%), phenol (99%), and
indophenol [N-(p-Hydroxyphenyl)-p-benzoquinone-
Monoimine] were purchased from FUJIFILM Wako
Pure Chemical Corp. (Osaka, Japan). NaOCI-5H:O was
purchased from Nacalai Tesque, Inc. (Kyoto, Japan).
Pure water was prepared using Barnstead Lab Tower
EDI (Thermo Scientific, Langenselbold, Germany).

Transient absorption spectrum measurements

Sample solutions were measured using a model
U-2900 spectrophotometer (Hitachi High-Tech Corp.,
Tokyo, Japan) with microcells with a 10-mm path
length. One hundred microliters of aqueous ammonia
was mixed with 400 pL of pure water, followed by
100uL of pure water or phenol and then 20 uL of 20
wt% NaOCI-5H:0 water solution. The solution was
incubated on ice for 3 min prior to measurements. Each
absorption measurement in the visible region from 500
to 700 nm was performed with a 1-nm bandwidth at a
scan speed of 100 nm/min.

Liquid chromatography time-of-flight mass
spectrometry (LC/TOF-MS)

Flow injection LC/TOF-MS analyses were performed
using a Shimadzu Corporation Nexera X2 UHPLC
System and Bruker Daltonics maXis 4 G. Regarding
sample preparation, 100 pL of 20 wt% NaOCI-5H.0O
water solution was added to a mixed solution of 300
uL of aqueous ammonia and 300 uL of phenol. The
sample solution or 20 mg of indophenol dissolved in
500 uL of methanol was incubated on ice for 3 min
and directly introduced into LC/TOF-MS without
passing through the column. The mobile phase was
50% methanol aqueous solution and the flow rate was
0.2 mL/min. The ESI capillary voltage was set at 3000

V, fragmentor voltage at 150 V, gas temperature at 200
C , gas flow at 2 mL/min, and nebulizer pressure at 1
bar. Mass spectra (m/z 50-1500) were acquired in the
positive-ion mode.

Results
Color changes and absorption spectra of
aqueous ammonia

We initially added pure water or phenol and then
NaOCI'5H:0 to aqueous ammonia and observed
changes in its color. Aqueous ammonia did not show
a color change after the addition of pure water and
NaOCI'5H:0 (Fig. 1A); however, it turned blue after
the addition of phenol and NaOCI-5H:O (Fig. 1A).
We also analyzed the absorption spectra of aqueous
ammonia in the visible region (500-700 nm). Although
the absorbance spectrum of the aqueous ammonia did
not show any absorption peaks following the addition
of pure water and NaOCI'6H:0, a peak was detected at
approximately 640 nm following the addition of phenol
and NaOCI5bH:0 (Fig. 1B).
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Figure 1. Color change and absorption spectra of agueous
ammonia.

(A) Color change in agueous ammonia after the addition of
pure water and NaOCI-5H20 (l) or phenol and
NaOCI-5H20 (II).

(B) Absorption spectra of aqueous ammonia after the addition
of pure water and NaOCI-5H20 (dashed line) or phenol
and NaOCI-5H20 (solid line).

Analysis by LC/TOF-MS spectrometry

Indophenol'?, which is the oxidative coupling of
an aromatic compound generated from phenol and
nitrogen, is a well-known blue pigment (Fig. 2). To
examine whether the blue pigment combined in
aqueous ammonia after the addition of phenol and
NaOCI'5H20 was indophenol, we analyzed mass spectra
using LC/TOF-MS and compared indophenol with the
pigment combined by our method (Fig. 3). Indophenol
was represented by a peak at m/z 200 [M+H]* (Fig.
3A). Aqueous ammonia, which turned blue in color after

_46_



the addition of phenol and NaOCI-5H:0, showed a peak
at m/z 292 (Fig. 3B).
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Figure 2. Structure of indophenol.
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Figure 3. LC/TOF-MS spectra.

(A) MS spectrum of indophenol.
(B) MS spectrum of agueous ammonia after the addition of
phenol and NaOCI-5H20.

Discussion

In the present study, we observed changes in the
color and absorption and mass spectra of aqueous
ammonia after the addition of phenol and NaOCI-5H-0.
The results obtained revealed that aqueous ammonia
turned blue in color following the addition of phenol and
NaOCI'5H:0 and showed a characteristic absorption
spectrum with a peak at approximately 640 nm.
These results will contribute to the development
of a novel detection method for ammonia using a
spectrophotometer.

Ammonia, a nitrogen-containing compound, is
mainly produced from amino acids in dietary proteins
through modifications to their metabolism by intestinal
bacteria in the human body"?. Since ammonia is very
toxic to the brain, it is detoxified and converted to
urea by the hepatic urea cycle®®. Therefore, blood
ammonia levels are elevated in patients with hepatic
disorders and used as a clinical test item". Enzyme-
based assays, ISEs, and LC-MS are currently used to

8-10

quantify ammonia®"’, but have a number of limitations,

including an unstable color reaction, inconvenient
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sample treatments, time-consuming, or the need for

810 Tn an attempt

expensive analytical instruments
to develop a quick and easy method that detects
ammonia using a spectrophotometer, which is used at
many research institutes and clinical laboratories, we
measured the absorption spectrum of aqueous ammonia
after the addition of phenol and NaOCI-5H:O in order to
examine the specificity of the characteristic peak. As
shown in Fig. 1, aqueous ammonia showed a blue color
change and a characteristic peak at approximately 640
nm after the incubation with phenol and NaOCI-5H:O.
These results suggest that our simple method will
enable many researchers and laboratory technicians
to detect ammonia in samples from patients with
hepatic disorders. Since spectrophotometers are used
at many research institutes and clinical laboratories,
are very simple to operate, and rapidly provide results,
ammonia may be easily detected using our method.
Furthermore, it is simple to automate our method
because the spectrophotometric method is installed in
many automated biochemical analyzers.

A colorimetric assay is another method by which to
detect ammonia'®. In this assay, the oxidative coupling
of ammonia and phenol generates indophenol, a blue
pigment (Fig. 2)'*'. As shown in Fig. 1A, the blue
pigment combined in aqueous ammonia after the
addition of phenol and NaOCI'5H:O may have been
indophenol because the blue color change required not
only ammonia, but also phenol. Therefore, we compared
indophenol with the blue pigment combined in aqueous
ammonia after the addition of phenol and NaOCI-5H.O
using LC/TOF-MS (Fig. 3). Indophenol showed a
peak at m/z 200 (Fig. 3A), whereas the blue pigment
combined by our method showed a peak at m/z 292
(Fig. 3B). These results indicate that the blue pigment
combined by our method differed from indophenol and,
thus, a novel blue pigment appears to be generated. In
present study, we used NaOCI'5H:O for the oxidative
coupling of phenol and ammonia. NaOCI'5H:0 is a
strong oxidant that has been shown to accelerate
the oxidation reaction of divalent phenolic acids™ '®.
However, since NaOCI'5H:O has only recently been
developed!”, few studies have used it as an oxidizing

t! 19 To develop a novel oxidative coupling

agen
reaction, we attempted to oxidize phenol and ammonia
by the addition of NaOCI-5H:0, and combined a blue
pigment, which showed a different mass spectrum to
that of indophenol (Fig. 3). Although further studies,
such as those involving nuclear magnetic resonance
spectrometry, are needed to elucidate the structural

formula of the blue pigment showing a peak at m/z 292
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(Fig. 3B), the present results suggest that NaOCI-5H-O
is useful for the development of a novel oxidative
coupling reaction due to its strong oxidative potential.
In summary, we herein demonstrated that aqueous
ammonia showed a blue color change and characteristic
absorption spectrum at approximately 640 nm through
an oxidation reaction following the addition of phenol
and NaOCI-5H:0. Moreover, we confirmed that the blue
pigment combined by our method showed a peak at m/
z 292 using LC/TOF-MS, which was not consistent with
the mass spectrum of indophenol. Collectively, these
results suggest that our spectrophotometric method
is suitable for the development of a novel method to

detect ammonia in sample solutions.
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