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Abstract

A simple HPLC method has been described to quantify diquat in biological fluids and tissues. This method
permits separation and quantification of diquat from blood, bile, urine, liver and kidney. It does not require special
pretreatment of the samples prior to analysis, nor a specially prepared analytical column. Various concentrations of
diquat were added (10-300 nmol/ml or g) to fluids or tissues. Analysis of blank samples revealed no substances
that interfere with diquat elution. Excellent recovery (95-105%) was obtained. Diquat (120 umol/kg, i.v.) was
injected to rats and quantified in bile, blood and liver. Concentration of diquat was higher in blood and bile than
liver. Therefore, this method is applicable for quantification of diquat in toxicological samples, and may be used to

determine structurally similar compounds such as paraquat.

1. Introduction

Diquat is a widely used non-selective her-
bicide. Because of its extreme toxicity to humans,
it has been encountered in accidental, suicidal
and homicidal poisonings [1-4]. Acute poisoning
with large oral doses of diquat results in general-
ized necrosis, mainly of the liver, kidney and
heart, and may be associated with mortality
several hours to a few days after exposure [5].
The diquat-induced hepatic necrosis is thought to
be due to production of superoxide anion radical,
with the resultant formation of hydrogen perox-
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ide and hydroxyl radical, leading to tissue de-
struction [6]. However, Smith [7] reported strain
differences in diquat-induced hepatic necrosis, in
that Sprague-Dawley rats are resistant whereas
Fisher rats are sensitive. The reason for this
strain difference is not known. Recently, we
observed a marked inter-animal difference in
Sprague-Dawley rats to diquat-induced oxida-
tive stress and thought that the variation might
be due to difference in diquat disposition. There-
fore, quantification of diquat in biological sam-
ples was necessary to test this hypothesis.
Several methods are available to measure
diquat in biological fluids [8-12] and in food
crops [13], but not for tissues. These methods
include thin-layer chromatography [14-19],
colorimetry with an alkaline dithionite reaction
[20] or bromthymol blue [8], gas chromatography
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[10], and high-performance liquid chromatog-
raphy [9,11,13]. These methods are laborious
because they require extraction of diquat from
samples, using disposable cartridges, and require
specially prepared analytical columns. Therefore,
the purpose of the present study was to develop
a simple, rapid and less expensive HPL.C method
for quantification of diquat in biological fluids
that also could be used for tissues.

2. Experimental
2.1. Standards

Diethylamine, octane sulphonic acid and tetra-
hydrofuran were obtained from Sigma (St. Louis,
MO, USA). Orthophosphoric acid and HPLC
grade methanol were purchased from Fisher
Scientific (St. Louis, MO, USA) and ultrapure
perchloric acid (70%) from Alfa Products (Dan-
vers, MA, USA). Diquat was a generous gift by
Dr. ILF.H. Purchase of ICI Toxicological Lab-
oratories (Macclesfield, Cheshire, UK).

2.2. Sample preparation

Sprague—-Dawley rats (200-225 g) were ob-
tained from Sasco (Omaha, NE, USA). They
were provided tap water and lab chow (Ralston
Purina, St. Louis, MO, USA) ad libitum and
were housed at 22-23°C on a 12-h light-dark
cycle.

2.3. HPLC analysis

HPLC was performed using a Waters Model
501 pump and a manual injector equipped with a
20-ul loop (Alltech Associates, Deerfield, IL,
USA). The separation was carried out on a u-
Bondapack C,; column (30 cm X 3.8 mm; Waters
Associates, Boston, MA, USA) with a guard
column (25 mm X 3.8 mm) packed with pellicular
C,; (Alltech). Diquat was eluted at a flow-rate of
1.0 ml/min and monitored by UV detection at
315 nm with full scale absorbance set at 0.02
AUFS. Quantification of diquat was based on

integrated peak areas. Integration was performed
using a Waters 840 chromatography data station
system. The mobile phase was selected from Gill
et al. [19] and was prepared by mixing deionized
water (900 ml), octane sulfonic acid (650 mg),
acetonitrile (75 ml), orthophosphoric acid (13.5
ml), diethylamine (10.3 ml), and tetrahydrofuran
(40 ml) and filtered through a 0.45-um filter
(Millipore, MA, USA).

2.4. Extraction method

To 100 ul of blood, bile or urine, a known
amount of diquat (0, 10, 30, 100 or 300 nmol)
was added, followed by 400 wl of water. Then
500 ul of 70% methanol, containing 21 mM
perchloric acid, was added. Samples were mixed
by vortex-mixing and centrifuged for 4 min in a
microfuge (Beckman). The resultant superna-
tants were saved for HPLC analysis.

To 1 g of liver or kidney, a known amount of
diquat (0, 10, 30, 100 or 300 nmol) was added,
followed by 4 ml of 70% methanol containing 21
mM perchloric acid, and homogenized with a
Polytron (Brinkman) approximately 45 s, and
centrifuged for 15 min at 1000 g. The resultant
supernatants were saved for diquat analysis.

Standards were prepared by adding diquat to
70% methanol containing 21 mM perchloric acid
and processed as above. In order to avoid the
loss of diquat during sample processing and
analysis, precautions were taken as described in
Lauren and Agnew [21].

2.5. Animal experiments

Rats were anesthetized with urethane (1.2 g/
kg, i.p.). After median laparotomy, the bile duct
was cannulated with a 25-gauge needle attached
to PE-50 tubing. Diquat (120 pmoles/kg, i.v.)
was administered and bile collected for 30 min
into preweighed Eppendorf tubes (1.5 ml) con-
taining 500 ul of 0.25 M perchloric acid. There-
after, blood and liver samples were taken and
diquat was extracted as described above. Bile
samples were centrifuged and the resultant
supernatants were used for diquat analysis.
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Fig. 1. Chromatograms of the diquat standard and biological
samples from rats injected with diquat (120 wmol/kg, i.v.).
Conditions of HPLC analysis are described in the text.

Table 1

3. Results and discussion

Diquat (0.3125 nmol) was dissolved in water,
and the biological samples (bile, blood and liver)
collected from control rats were extracted as
described in Section 2.4. Subsequently, 20 ul of
the extracts was analyzed by HPLC, and diquat
was monitored (315 nm) with a variable UV
detector. Representative chromatograms are
shown in Fig. 1. Blank samples contained no
substances that interfere with diquat elution
(chromatograms are not shown). With this meth-
od, diquat was eluted at approximately 8 min.
Spectral analysis by photodiode-array detector of
the diquat peaks in the chromatogram of bio-
logical samples and the diquat standard revealed
no interfering peaks.

The peak areas of diquat are linearly related to
quantity of diquat (0.0195-5 nmol) injected.
Linear regression analysis of the standard curve
indicated no significant deviation from linearity
(r* = 0.999).

The interday assay precision and accuracy for
the analysis of diquat (10-300 nmol/ml or g)

Interday assay precision and accuracy of diquat in biological fluids and tissues

Sample Diquat added Found Recovery CVv.
(nmol/ml or g) (nmol/ml! or g) (%) (%)
Blood 10 9.49 027 95 2.70
30 284 £0.70 95 2.33
100 96.8 +3.13 97 3.23
300 289 +13.0 96 4.49
Bile 10 9.18 + 0.367 92 399
30 29.6 +0.723 98 2.44
100 99.4 +2.89 99 2.90
300 301 +2.00 100 0.66
Urine 10 10.5 £ 0.351 105 3.34
30 288+1.02 96 3.54
100 102+1.53 102 1.50
300 345 £3.00 115 0.869
Liver 10 10.9 +0.173 109 1.59
30 31.8 £0.379 106 1.19
100 102 +3.86 102 3.78
300 309 +7.57 115 245
Kidney 10 9.97+2.32 100 232
30 30.4 +0.64 101 2.10
100 100 +2.47 100 247
300 295 =451 98 1.53

Values are mean * S.D., n = 3; recovery = [(diquat found in sample)/(diquat added)] X 100.
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from the biological samples are presented in
Table 1. The interday coefficient of variation for
all the samples analyzed was <4.5% except for
the kidney at 10 nmol/g. The recovery of diquat
exceeded 95% for all the samples (Table 1).
Therefore, this method is valid to quantify diquat
from biological fluids and tissues.

Previously diquat was quantitated from bio-
logical fluids [9,22], tissues [23] and agricultural
products [11,13]. These methods require either
specially prepared analytical columns (which are
not commercially available) or samples using
disposable cartridges. Similarly, other methods
require either silica solid-phase extraction car-
tridges [13] or column chromatography [11].
These methods are labor-intensive and time-con-
suming. The present method does not require
either disposable cartridges for extraction of
diquat or specially prepared analytical columns.
Therefore, this method is simple and easy to use.

Diquat was measured in blood, bile and liver
samples following administration of diquat (120
pmol/kg, i.v.)) to rats. At 30 min after adminis-
tration of diquat, the concentration of diquat
(nmol/ml or g) in blood, bile and liver was
139+17, 195+22 and 15.3*+0.9 (mean *S.E,,
n = 6), respectively (Table 2). Quantification of
diquat disposition using this method revealed
that the observed interanimal variation in diquat-
induced oxidative stress [24] is due to differences
in hepatic accumulation of diquat.

In conclusion, this method is simple, rapid and
sensitive for determination of diquat in biological

Table 2
Quantitation of diquat in bile, blood and liver samples of rats
by HPLC

Sample Diquat concentration
(nmol/ml or g)

Bile 195 22

Blood 139+ 17

Live 153+09

Diquat was measured in the samples 30 min after administra-
tion of diquat to rats (120 mwmol/kg, i.v.). Values represent
means = S.E. of 6 animals.

samples including tissues. This method is applic-
able for quantification of diquat, and possibly
also of paraquat, from toxicological samples.
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