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Nitrate ion is a frequent pollutant not only in soil and natural water resources but in vegetables and
foods as well. In our study we focused on nettle due to its increased ability to accumulate nitrate
ions. A new, simple method for the separation and determination of nitrate ion based on reversed-
phase ion-pair chromatography has been elaborated. A new four-step sample pretreatment method
enables the precipitation of proteins and oxidative degradation of compounds that may disturb the
identification of the nitrate ion: (1) extraction of the total nitrate content, (2) precipitation of proteins
with acetonitrile, (3) oxidative degradation of the organic contaminants with H,O,, (4) evaporation of
the solvent and taking up of the residue in water. The chromatographic separations were carried out
on a high-density C3, stationary phase under isocratic conditions. The optimal mobile-phase
composition was 10% (v/v) acetonitrile and 90% (v/v) 20 mmol L~ phosphate buffer, containing 2
mmol of tetrabutylammonium hydroxide at pH 6.0. The method could also be used for the separation
of 1037, Se03z%, BrOs~, NO,~, Br-, Se0,2~, and |~ ions. The validated method is sensitive (the
detection limit is 0.18 ng of nitrate ion). The method is linear in a high concentration range (0.031—
30.66 «g mL~1). Recoveries varied between 98% and 103%. Reproducibility of the elaborated sample
pretreatment method showed 1.54%. The method can be used for the determination of nitrate ion
from different plants.

KEYWORDS: Nitrate ion; nettle ( Urtica dioica L.); reversed-phase ion-pair (RP-IP) chromatography, C 30
stationary phase

INTRODUCTION Nitrate in plants is generally determined by the standard
diazotization procedure. This method is generally applied after
an enzymatic reduction of nitrate to nitrite as was first described
by Lowe and Hamilton &, 10). Woolley et al. developed the
"S0-called powder method9) that can be regarded as a
modification of the previous diazotization method. In this
method zinc powder is used to reduce nitrate to nitrite
guantitatively. Beda and Miranda elaborated a more selective
method (11,12) which was capable of identifying nitrate and
nitrite together without being separated. In these methods, the
Griess reaction is applied and nitrate ions are reduced by
vanadium(lll) chloride. More recent applications enable the rapid
measurement of nitrate ion by electrophoretic methdds—(
: ! X - 15). Capillary electrophoresis can be a useful tool for the
an organism can be a source of different carcinogenic and sgparation and determination of nitrate ion from different
mutagenic dysfunctions (1). Methemoglobinemia is the direct \jgjqgical samples especially when isotachophoresis is used for
consequence of the reduction of nitrate to nitrosamines generateQ froctive sample stacking. This isotachophoretic “sample pre-
by bacteria. (In methemoglobinemia, the iron content of teamment” is followed by capillary zone electrophoresis to
hemoglobin is _OX|d|zed from Il to Il and the resulting separate and determine anions (16—19).
methemoglobin is not able to carry oxygen any longer.) Usually octadecyl phases {§ are used for the separation of
ionic solutes by reversed-phase ion-pair chromatography. The
22; Tga\;(v_hﬁgﬁec%ffgg%ogggng rﬁgifl?u'% g:rtagﬁrfggri(i@- apgm Z‘ﬁ 536 use of a silica-based stationary phase with high hydrophobicity
" Faculty of Medicine. : : T (longer _tha_ln the usual alkyl c_halns and high surfa_ce c_overage)
* Faculty of Science. results in increased adsorption of the solutes. Hiraki and co-

Nettle Urtica dioica L.) is a widespread plant frequently
suggested for use in the treatment of rheumatism, arthritis, and
inflammatory diseases. Several papers have recently bee
published concerning the antioxidant, antimicrobial, antiulcer,
and analgesic properties of nettle<7). Nettle is frequently
used in traditional medicine in several countries.

Nettle is mostly used in the form of a watery extract (“tea”).
Nettle is able to accumulate and store nitrate ions from the
environment in vacuoles, mostly from the so8).( Nitrate
belongs to the most frequent contaminants; according to the
European Community the permitted maximum concentration of
nitrate is 50 mgn 1 L of water. The high intake of nitrate in
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workers made a successful attempt to separate some anions 1.2
(including nitrate ion) by using adgstationary phase (Develosil 1 Diodate
C30, YMC, Japan)20). Recently Szabo and Ohmacht devel- 038 o selenite
oped a new g phase with very high surface covera@d). In 8’2 0 bromate
the present work this phase was used for the determination of 02 | Anitrite
nitrate ion from a plant extract. The advantages ef thases g 0 mbromide
in comparison with @ phases are the higher hydrophobicity 02 enitrate
and higher loading capacity. Therefore, a lower ion-pairing 0,4 ®sclenate
reagent concentration can be applied to achieve a given retention  -0,6 4 odide
and a prolonged column lifetime can be observed. 0,8

In the present paper we suggest a new, simple method for -1 ‘
the separation and determination of nitrate ion based on 0 5 1520 25 30
reversed-phase ion-pair chromatography with-té detection. Acetonitrile content of the eluent (V/V%)

Figure 1. Logarithm of the capacity factor of the anions influenced by
the amount of organic modifier. Mobile phase: 90% buffer (20 mmol L%,
pH 6.0), 2 mmol L~! tetrabutylammonium hydroxide.

MATERIALS AND METHODS

Plant Material. The plant material (nettlel). dioica sp.) used for
the validation of our method was harvested on a nitrogen-poor soil
and dried at room temperature. The air-dried leaves of each individual 1

plant were removed and homogenized in a blend mixer. 08 |

Instrumentation. The measurements were carried out on a Dionex ' P Qiodate
Summit 3000 LC system consisting of a P 580 NDG precision pump, 06 = oselenite
a 340S diode array detector, and Chromeleon chromatography manage- 0,4 Obromate
ment software, version 4.12. (Dionex, ldstein, Germany). Samples were 0,2 | Anitrite
injected with a Rheodyne 8125 sample injector valve equipped with a 2 0 ::‘r;;:e
20uL sample loop (Cotati, CA). A densely loadedoGtationary phase @sclenate
was synthesized in the laboratory onufh Kovasil silica (Chemie 0.2 s :ﬁ— Adodide
Uetikon, Uetikon, Switzerland) and packed into 16@.6 mm stainless -0,4 =
steel columns. This newsgphase has been described in 24f 0.6 ‘ . . .

Chemicals. Tetrabutylammonium hydroxide and potassium dihy- 02 0 02 0.4 0.6 0.8
drogen phosphate (analytical grade) were purchased from Fluka (Buchs, p
Switzerland). Chromatography-grade acetonitrile and Disodium hy- log crga (mMmolxL")

drogen phosphate dihydrate were obtained from Merck (Darmstadt, Figure 2. Influence of the concentration of the ion-pairing reagent on the
Germany). The water used for the preparation of the mobile phase wasretention of the anions. Mobile phase: 10% (v/v) acetonitrile, 90% buffer
bidistilled in our laboratory. (20 mmol L, pH 6.0).

Preparation of the Mobile Phase The phosphate buffer was pre-
pared from NgHPO, and KH,POs. After addition of the calculated
amount of tetrabutylammonium hydroxide to the phosphate buffer, the
pH of the solution was adjusted with phosphoric acid. The prepared  Optimization of the Mobile-Phase Composition An iso-
solution was filtered through a 0/2m filter (Whatman, Maidstone,  cratic separation has been elaborated for eight common anions,
England). Acetonitrile was always freshly mixed with the buffer including nitrate ion (IG-, SeQ?~, BrOs~, NO,~, Br-, NOs™,
solution. _ SeQ?-, I7). The effect of the eluent composition, concentration

Sample Pretreatment of Plant Material. The sample pretreatment of the ion-pairing reagent, pH of the mobile phase, and buffer
procedure consists of four steps: (1) treatment of the homogenized net‘concentration has been investigated. (Although in this paper we

tle leaf with boiling water for 15 min and filtering the mixture, (2) di he d . f i . he d S f
precipitation of the proteins with acetonitrile, (3) oxidative degradation Iscuss the determination of nitrate ion, the determinations o

of the organic contaminants with,B,, (4) vacuum evaporation of the ~ Other anions from plant materials are in progress.)

solvent. After evaporation the residue was taken up in bidistilled water ~ A 10% (v/v) organic modifier (acetonitrile, ACCN) in the

and injected. mobile phase resulted in good separation and acceptable capacity
A 1.50 g sample of grounded nettle leaf was thoroughly mixed with factors for all anions. A lower amount of acetonitrile does not

50 mL of bidistilled water, and the mixture was refluxed for 15 min. improve the selectivity of the separation, but the capacity

(In contrast to the literature (2,0) we recognized that incubation at  factors—especially those of selenate and iodide ieremarkably
60 °C for 10 min is not enough for the extraction of the entire amount jncrease (Figure 1).

of the accumulated nitrate from the plant material.) The mixture was . ‘L :
poured into a centrifuge tube, and the reflux flask was rinsed with The high hydrophobicity of our stationary phase enabled us

distilled water (15 mL) two times. Then the mixture was centrifuged to _use a low concentrathn of ion-pairing rea_gent. The relation-
at 6000gfor 30 min. The supernatant (‘nettle tea”) was removed, and SNiP between the logarithm of the capacity factor and the
the precipitate was resuspended twice with 30 mL of bidistilled water !0garithm of the ion-pairing reagent concentratiop)(has been

and centrifuged. The supernatants were collected (ca. 140 mL). Thefound to be linear and parallel for the investigated anions
volume of the collected supernatants was filled up to 150 mL, and 0.5 (Figure 2). At a higher ion-pairing reagent concentration the
mL was slowly poured into 4 mL of acetonitrile. Proteins present in electrostatic surface potential increases, resulting in increased
the extract were precipitated, and the mixture was centrifuged ag6000 retention of the solutes (22).

for 10 min. The supernatant was removed, and the precipitate was A remarkable change of the selectivity between the multiply
resuspended again in 4 mL of acetonitrile and centrifuged. The two charged selenate ion and singly charged ions was observed
supernatants were collected,_a_nq the solvent was evaporated. The reS|du8epending on the buffer concentration. The increase of the
was dissolved in 2 mL of bidistilled water, and aQ of 30% HO> . . .

solution was added to this solution to oxidize pyrogenic compounds capacity fgctqr of the selenate ion as a function of buffer'
which might disturb chromatographic separation. Th®#containing concentration is more expressed than the change of the capacity
solution was incubated in boiling water for 30 min, and then it was factor of singly charged anion&igure 3). An increasing eluent
evaporated to dryness. Finally, the residue was dissolved in 3 mL of salt concentration increases the shielding of the surface charges
bidistilled water and analyzed. and therefore lowers the electrostatic surface potential. Accord-

RESULTS AND DISCUSSION
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Figure 3. Effect of the change of the buffer concentration on the retention.

Mobile phase: 10% (v/v) acetonitrile, 90% buffer (2 mmol L™, pH 6.0).
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Influence of the pH on the retention of the anions. Mobile
phase: 10% (v/v) acetonitrile, 90% phosphate buffer (20 mmol L™2), 2
mmol L=! tetrabutylammonium hydroxide.

Figure 4.

ingly, the retention of anions will be lower with increasing salt
concentration (22).

The pH of the mobile phase also has a significant effect on
the retention of our investigated anions. At higher pH values
the retention of the anions is lower than under acidic conditions
(Figure 4). Variation of the eluent pH can introduce large
changes in the degree of ionization of both solutes and ion-

Szabo et al.

Optimal separation has been achieved using 10% (v/v)
acetonitrile, 20 mmol L! phosphate buffer at pH 6.0, and 2.0
mmol L1 tetrabutylammonium hydroxide as the mobile phase
(Figure 5). At this setting, the overall retention time is
reasonable and a satisfactory separation of the low retention
solutes can be achieved.

The results show that the optimized parameters of the mobile
phase including the pH and concentration of the buffer, ion-
pairing reagent, and organic compound of the eluent are similar
to those obtained by ref0.

Sample Pretreatment The crude extract obtained from nettle
after the treatment with boiling water contains several com-
pounds among other proteins that can disturb the identification
of nitrate ion Figure 6). These compounds not only coelute
with nitrate but reduce the lifetime of the column. After the
precipitation of proteins with acetonitrile the peak of nitrate ion
on the chromatogram becomes narrower, which indicates the
successful removal of some disturbing compounds, mostly
proteins Figure 7). In the final step (oxidative degradation of
pyrogens with HO,), the quantitative analysis could be well
accomplished as is demonstratedrigure 8.

Validation of the Nitrate Determination . Limit of Detec-
tion (LOD), Limit of Quantification (LOQ), and Linearity
The detection limit of the new method (defined as the amount
of nitrate ion giving a peak height 3 times higher than the noise
level) was low: 2.9 pmol (0.18 ng) of nitrate ion. The
quantification limit of the method (defined as the amount of
nitrate ion giving a peak height 5 times higher than the noise
level) was low: 4.8 pmol (0.30 ng) of nitrate ion. As a result
of the effective sample cleanup procedure an interference of
accompanying substances with the analyte was not observed.

Calibration was carried out in the concentration range of
0.031-30.661g mL~ nitrate ion. The relation between the peak
height and concentrations in 4 orders of magnitude was linear
with a regression coefficient @#Rof 0.9999. The slope and
y-intercept of the linear regression line for the peak area versus
concentration plot are 1.052 and 0.0541, respectively. All
injections were repeated three times.

Stationary-Phase Effect It has been found that the new type
of stationary phase (highly loadedsdphase on 15 nm pore

pairing reagent. Consequently, the capacity factor of the solutessize silica) has some advantages compared to commergial C

varies in a wide range. In our case the typical effect is the

packings. Due to the high separation capacity of the phase a

decrease of the retention with increasing pH, due to the decreasdow separation time (8 min) for the separation of the eight anions

of the ionized fraction of ion-pairing reageri?).

has been achieved.
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Figure 5. Separation of anions. Stationary phase: 5 um Csy RP packing; column dimensions 150 x 4.6 mm. Mobile phase: 10% (v/v) acetonitrile, 90%
phosphate buffer (20 mmol L1, pH 6.0), 2 mmol L=? tetrabutylammonium hydroxide. Key: 1, I037; 2, Se0s2~; 3, BrOs—; 4, NO,~; 5, Br—; 6, NOs~; 7,

Se0,2~; 8, I~. Detection at 210 nm. Flow rate: 1.2 mL min~L.
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Figure 6. Separation of a crude nettle leaf extract. For experimental
conditions see Figure 5.
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Figure 7. Separation of an extract after precipitation of proteins. For
experimental conditions see Figure 5.
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Figure 8. Final determination of nitrate from nettle leaf extract after
precipitation and oxidative degradation of impurities. For experimental
conditions see Figure 5.

Reproducibility of the Method. The reproducibility of the
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Table 1. Reproducibility of the Method for Nitrate lon Determination?

amt (mg) of NO3~ in rel std av retention rel std
1 g of nettle leaf dev (%) time (min) dev (%)
process 1 2.59 1.54 3.90 1.00
process 2 2.56 0.97 3.89 0.89
@Data are means from five determinations each.
Table 2. Recovery of the Method?
recovery rel std
(%) dev (%)
6 ug/mL 98.04 1.32
30 ug/mL 103.34 1.90
150 ug/mL 103.40 1.89

2Data are means from five determinations each.

Table 3. Nitrate Content of Commercial Nettle Tea?

amt (mg) of NO3™ in amt (mg) of NO3~ in

1 g of nettle leaf 1 g nettle leaf
bio nettle leaf (Melius) 36 nettle leaf (Herbaria) 79
nettle leaf (Melius) 47 nettle leaf (Naturland) 72

2Data are means from five determinations each.

results our new analytical method enables processing of our
sample well without loss of nitrate.

Determination of the Nitrate Content of Commercial
Nettle Teas. The presented results (Table 3) demonstrate that
the “bio nettle tea” contains a significantly lower amount of
nitrate than other commercially available nettle teas. It became
obvious that all commercial teas (inclusive “bio” product)
contain more nitrate than the nettle we used for the elaboration
of the new analysis method (this nettle was grown on a special
nitrate-poor soil).

LITERATURE CITED

(1) Swann, P. F. The toxicology of nitrate, nitrite and N-nitroso
compoundsJ. Sci. Food Agric1975,26, 1761—1770.

(2) Glilcin, |.; Kifrevioglu, O; Oktay, M.; Biyikkokuru, M. E.
Antioxidant, antimicrobial, antiulcer and analgesic activities of
nettle (Urtica dioica L). J. Ethnopharmacol2004,90, 205—
215.

(3) Morikawa, H.; Takahashi, M.; Sakamoto, A.; Ueda-Hashimoto,
M.; Matsubara, T.; Miyawaki, K.; Kawamura, Y.; Hirata, T.;
Suzuki, H. Novel metabolism of nitrogen in plantk. Biosci.
2005,60 (3—4), 265—271.

method has been controlled in two different processes each by (4) Postbil. N.; Agaoglu, S.; Alemdar, H. The antibacterial activity

a 5-fold assay: (process 1) the complete procedure was repeated
five times; (process 2) the cleanup procedure from one leaf
extract was repeated five times. The relative standard deviation
proved the accuracy and reproducibility to be very satisfactory.

It also demonstrated the importance of careful laboratory work
at the extraction step (treatment of the nettle leaf with boiling
water). The reproducibility of retention times was also satisfac-

tory (Table 1).

Recovery. The recovery of the method was controlled by
the “addition method”. Instead of water the extraction was
carried out with KNQ solutions at three different concentrations.
At each concentration the extractions were 5-fold repeated. A
total of 98—103% of the added amount of nitrate has been
recuperated. The standard deviation (%) was never higher than
1.9% at all applied concentration§gble 2). According to the

of common nettlelndian Vet. J.2005,82 (5), 492—494.

(5) Setty, A. R.; Sigal, L. H. Herbal medications commonly used in
the practice of rheumatology: Mechanisms of action, efficacy,
and side effectsSemin. Arthritis Rheun005, 34 (6), 773—
784.

(6) Bielory, L. Complementary and alternative interventions in
asthma, allergy, and immunologknn. Allergy, Asthma, Immu-
nol. 2004,93 (2), 45—54.

(7) Aksu, M. I.; Kaya, M. Effect of usage Urtica dioica L. on
microbiological properties of sucuk, a Turkish dry-fermented
sausagefood Control2004,15 (8), 591—595.

(8) Lowe, R. H.; Hamilton, T. L. Rapid method for determination
of nitrate in plant and soil extract3. Agric. Food Chem1967,

15, 359—362.

(9) Woolley, J. T.; Hicks, G. P.; Hageman, R. H. Plant analyses,
rapid determination of nitrate and nitrite in plant material.
Agric. Food Chem1960,8, 481—488.



4086 J. Agric. Food Chem., Vol. 54, No. 12, 2006
(10) McNamara, A. S.; Klepper, L. A;; Hageman, R. H. Nitrate  (18)
content of seed of certaincrop plants, vegetables and wéeds.
Agric. Food Chem1971,19, 3.

(11) Beda, N.; Nedosparov, A. A spectrophotometric assay for nitrate
in an excess of nitriteNitric Oxide, in press.

(12) Miranda, K. M.; Espey, M. G.; Wink, D. A. A rapid, simple (19)
spectrophotometric method for simultaneous detection of nitrate
and nitrite.Nitric Oxide 2001,5, 62—71.

(13) Everett, S. A.; Dennis, M. F.; Tozer, G. M.; Prise, V. E,;
Wardman P.; Stratford, M. R. L. Nitric oxide in bioligical fluids
of nitrite and nitrate by high performance ion chromatography.
J. Chromatogr.1995,706, 437—442.

(14) SZ&6, E; Tabi, T.; Halasz, A. S.; Palfi, M.; Magyar K. High
sensitivity analyses of capillary zone electrophoresis with
transient isotachophoretic sample stackihghromatogr2004
1051, 177—-183.

(15) Inoue, T.; Kaibara, M.; Sakurai-Yamashita, Y.; Kawano, M.;
Ishimaru, T.; Taniyama, K. Increases in serum nitrite and nitrate
of a few-fold adversely affect the outcome of pregnancy in rats.
J. Pharmacol. Sci2004,95 (2), 228—233.

(16) Kaniansky D.; Marak J. On-line coupling of capillary isota-
chophoresis with capillary zone electrophoredi<Chromatogr.
1990,498, 191—-204.

(20)

(21)

(22)

Szabo et al.

Takashi, M.; Hidenori, N.; Sahori, T.; Keiitsu, S.; Keiichi, F.;
Yasukazu Y.; Shin-Ichi W.; Etsuo N. Development of a novel
running buffer for the simultaneous determination of nitrate and
nitrite in human serum by capillary zone electrophoregis.
Chromatogr.2003,1014 (1—-2), 197—202.

Takashi, M.; Yoshihide, T.; Hidenori, N.; Sahori, T.; Keiitsu,
S.; Keiichi, F.; Yasukazu, Y.; Shin-ichi, W.; Etsuo, N. Simul-
taneous determination of nitrate and nitrite in biological fluids
by capillary electrophoresis and preliminary study on their
determination by microchip capillary electrophoresisChro-
matogr.2004,1051(1—2), 185—191.

Hiraki, N.; Isozaki, A.; Nagashima, H. Determination of nitrite
and nitrate ions by ion-pair chromatography withy@s a
stationary phaseBunseki Kagaki2002,51 (10), 877—881.
Szabo, Z.; Ohmacht, R.; Huck, C. W.; Stéggl, W. M.; Bonn, G.
K. Influence of the pore structure on the properties of silica based
reversed phase packing for LE.Sep. Sci2005,28, 313—324.
Bartha, A.; Stahlberg, J. Electrostatic retention model of reversed-
phase ion-pair chromatographly.Chromatogr1994 668 255—

284.

(17) Keiichi, F.; Yusuke, N.; Jun-ichi, T. Highly sensitive capillary

Received for review October 5, 2005. Revised manuscript received

zone electrophoresis with artificial seawater as the background march 29, 2006. Accepted April 3, 2006. This work was supported by
electrolyte and transient isotachophoresis as the on-line concen-Grant KM1 046476 of the Hungarian National Science Foundation
tration procedure for simultaneous determination of nitrite and (oK),

nitrate in seawater]. Chromatogr.2003 1005 (1—-2), 197

205. JF0524628



