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Toxic effects of 1-methyl-3-octylimidazolium bromide on the wheat seedlings
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Abstract
The toxic effects of 1-methyl-3-octylimidazolium bromide ([C8mim]Br) on wheat seedlings were evaluated. Wheat seedlings were

cultivated in aqueous solution with [C8mim]Br at different concentrations (0, 1, 2, 4, 6, 8 mg/L). The contents of photosynthetic pigment
and proline, peroxidation of membrane lipid, and activities of antioxidation enzymes (superoxide dismutase, catalase, peroxidase
and ascorbate peroxidase) in leaves were measured on day 7 after treatment with [C8mim]Br. The results showed that [C8mim]Br
significantly decreased the contents of photosynthetic pigments, activities of antioxidant enzymes in the wheat leaves and in dry weight
of seedlings, while increased the proline content and membrane lipid peroxidation. The results suggested that [C8mim]Br can inhibit
photosynthesis and lead to oxidative stress to wheat seedlings.
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Introduction

Ionic liquid solutions (ILs), defined as pure ionic com-
pounds with melting points below 100°C, represent a
dramatic success for their applications in industry and
engineering chemistry at the beginning of the 21st century
(Pernak et al., 2004). They have drawn a great deal of atten-
tion due to their unique properties ranging from excellent
solution ability for lots of compounds, high thermal stabil-
ity to immeasurably low vapour pressure (Couling et al.,
2006). Now, ILs were applied in many aspects, including
many reactions, solvent in liquid-liquid extractions, and
as electrolytes in batteries. In 2003, Badische Anilin- and
Soda- Fabrik (BASF) company developed the industrial
preparation of ionic liquid for the first time, and predicted
that ILs would be put into use extensively in industry as
one of most promising green solvent (Rogers and Seddon,
2003). However, with the development of research and
application continue rapidly, the people began to pay more
and more attention to the toxicity of ionic liquid and
the environment problems caused by ionic liquid (Hu et
al., 2005). Several recent studies have proved that ILs
have toxic effects on algae, microorganisms, and animals
(Ranke et al., 2004; Skladanowski et al., 2005; Stepnowski
et al., 2004; Stock et al., 2004; Couling et al., 2006).
Once applied on large-scale, it will not be long before
ILs become a permanent component of industrial effluents.
It is their stability that ILs could go through traditional
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water treatment systems to become persistent pollutants
of natural aquatic environment and, in turn, enter soil
by irrigation or subsurface groundwater. Therefore, it is
critical and pressing to determine the toxicity of existing
ILs before they are released into environment.

Wheat is one of main crops in the world. It is most
frequently consumed cereals and its cultivation area covers
about 22% of the total arable lands in China. Therefore,
wheat seedlings were used as the testing material and the
toxicity of [C8mim]Br was estimated.

1 Materials and methods

1.1 Materials

[C8mim]Br, a kind of the ILs, was prepared according
to the method by Bonhôte et al., (1996). 1H-NMR spectra
data for this IL are in good agreement with those reported
in literature (Chun et al., 2001). All other reagents were of
analytical grade. The wheat variety used for evaluation is
the Zhengmai 9023 (Triticum aestivum).

1.2 Experiment design and toxicity determination

Prior to germination, all seeds were sterilized in 0.1%
HgCl2 for 15 min and then thoroughly washed with
distilled water. Two pieces of filter paper were placed in
Petri plate (15 cm diameter) and moistened with 15 mL of
treatment solution. Controls were maintained with 15 mL
deionized water. Each plate with fifty seeds in was covered
by lid and was incubated in the dark at 23°C. Seeds were
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considered germinated when both the plumule and radicle
extended to more than 3 mm from their junction.

The treatment concentration of [C8mim]Br for wheat
seedlings was set to 0, 1, 2, 4, 6 and 8 mg/L according
to the preliminary tests on the inhibitory rate of wheat
germination by [C8mim]Br. After being kept in the dark
for two days, the germinated seeds were transferred and
arrayed onto fixed nylon net adjacent to the solution with
different [C8mim]Br concentrations above in culture jar
and with the 0 mg/L as the control. Wheat was grown in a
greenhouse under controlled conditions with a shift cycle
of 14 hr/25°C on day and 10 hr/20°C at night, and photo
flux intensity of 70–80 µmol/(m2·sec). The solutions were
daily renewed to keep [C8mim]Br concentration stable.

All the treatments were replicated three times. After 7
days of exposure, the content of pigments and proline,
activities of antioxidant enzymes, the degree of membrane
peroxidation in leaves and dry weight of seedlings were
determined.

1.3 Pigment assay

The content of photosynthetic pigments (chlorophyll
a and b, total chlorophyll, and carotenoids) was deter-
mined with UV-Vis spectrophotometer (model UV–9600,
Rayleigh, Beijing, China). The pigments of seedling leaves
were extracted with 15 mL of 80% acetone according to
the method reported by Arnon et al. (1949). The contents
of chlorophyll a and b, total chlorophyll, and carotenoids
could be calculated by

CChl-a = 15(12.7A663 nm−2.69A645 nm)/0.2 (1)
CChl-b = 15(22.9A645 nm − 4.68A663 nm)/0.2 (2)

CChl-tot = CChl-a + CChl-b =

15(20.2A645 nm + 8.02A663 nm)/0.2 (3)

Ccar = 15(4.70A440 nm)/0.2 − 0.27CChl−tot (4)

where, CChl-a, CChl-b, CChl-tot and CCar are the contents
of chlorophyll a, chlorophyll b, total chlorophyll and
carotenoids, and A663 nm, A645 nm, A440 nm are the ab-
sorbances at 663, 645, 440 nm, respectively.

1.4 Proline content

Free proline content was determined according to Bates
et al. (1973). Leave samples (0.2 g) from each group were
first homogenized in 5 mL of 3% (W/V) sulphosalycylic
acid and then filtered through filter paper. After addition
of 2 mL acid ninhydrin and 2 mL glacial acetic acid,
the mixture was heated at 100°C for 1 hr in water bath.
Reaction was then terminated in ice bath. The mixture
was extracted with toluene, and red toluene solution was
obtained. The absorbance of red solution was read at 520
nm. Proline concentration was determined from calibration
curve and expressed as mg proline/g fresh weight (fw).

1.5 Lipid peroxidation and electrolyte leakage

Malondialdehyde (MDA) is an end product of lipid
peroxidation. Following the method of He et al. (2003), it
can be quantitative reacted with thiobarbituric acid (TBA)
(Yuanfan, Shanghai, China). Fresh plant sample (0.1 g)

was homogenized in 2 mL of 0.2 mol/L citrate-phosphate
buffer (pH 6.5) containing 0.5% Triton X-100, with mortar
and pestle. The homogenate was filtered through two
layers of filter paper and centrifuged for 15 min at 6 ×
103 r/min. One milliliter of the supernatant fraction was
added to an equal volume of 20% (W/V) trichloroacetic
acid (TCA) containing 0.5% (W/V) TBA. The mixture was
heated at 95°C for 30 min and then quickly cooled in ice
bath. Afterwards, the mixture was centrifuged at 6 × 103

r/min for 15 min; the absorbance of the supernatant was
measured at 450, 532 and 600 nm. The lipid peroxides
were expressed as nmol MDA/g fw.

Electrolyte leakage was measured according to Sairam
et al. (1997). The leaves were washed with deionized
water and placed in test tubes containing 30 mL deionized
water at 30°C for 4 hr in darkness. Each sample was
centrifuged and the initial electrical conductivity (EC1) of
the supernatant was measured by conductometer (DDS-
11A, Shanghai, China). Then, the sample was put in the
100°C water bath for 15 min to release all electrolytes. The
sample was cooled, centrifuged and the final electrical con-
ductivity (EC2) of supernatant was measured. Electrolyte
leakage, expressed as a percentage of total electrolytes,
was calculated with the formula: EC1/EC2 × 100%.

1.6 Enzyme activity assay

For enzyme extractions, 0.5 g leaves were homogenized
in ice bath with 2 mL of 50 mmol/L sodium phosphate
buffer (pH 7.0) containing 1 mmol/L EDTA and 2%
(W/V) polyvinylpolypyrrolidone (PVP) (Xilong, Guang-
dong, China). The extraction procedure was carried out at
4°C. Homogenates were then centrifuged at 4°C for 20 min
at 1.3 × 104 r/min, and supernatants were used for enzyme
activity determination.

Superoxide dismutase (SOD) activity was measured
with UV-Vis spectrophotometer as described by Beyer
and Fridovich (1987). The assay mixture (3.0 mL) con-
tained 1.5 mL of 50 mmol/L sodium phosphate buffer
(pH 7.0), 0.3 mL of 130 mmol/L L-methionine, 0.3 mL
of 750 µmol/L nitrobluetetrazolium (NBT) (Sinopharm,
Shanghai, China), 0.3 mL of 100 µmol/L EDTA-Na2,
0.3 mL of 20 µmol/L riboflavin, 0.25 mL distilled water
and 50 µL enzyme extract. The reaction was initiated by
addition of riboflavin and exposed under photon flux of 55
µmol/(m2·sec) at 25°C for 5 min. In this assay, 1 unit (U)
of SOD is defined as the amount required to inhibit the
photoreduction of NBT by 50%.

The activity of catalase (CAT) was assayed according
to the method of Chance and Maehly (1955) with some
modifications. A reaction mixture contained 50 µL of 750
mmol/L H2O2, 2.9 mL of 50 mmol/L sodium phosphate
buffer (pH 7.0) and 50 µL enzyme extract. This mixture
was incubated at 25°C for 5 min and catalase activity was
determined by monitoring the disappearance of H2O2 by
measuring the decrease in absorbance at 240 nm. Activity
was expressed as ∆A240 nm/(min·g fw).

Peroxidase (POD) activity was measured by the method
of Chance and Maehly (1955) with some modification. The
reaction mixture containing 50 µL enzyme extract, 100
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µL of 40 mmol/L H2O2, 100 µL of 30 mmol/L guaiacol,
and 2.75 mL of 50 mmol/L sodium phosphate buffer (pH
7.0). The increase in absorbance was recorded at 470
nm. One unit of POD activity was expressed as ∆A470 nm
(increasing) 0.01/(min·g fw).

Ascorbate peroxidase (APX) activity was assayed fol-
lowing the method of Zhu et al. (2004). The total reaction
mixture volume of 3 mL, contained 2.9 mL of 50 mmol/L
sodium phosphate buffer (pH 7.0), 0.1 mmol/L EDTA, 50
µL of 15 mmol/L ascorbate, and 50 µL enzyme extract.
Activity was expressed as ∆A290 nm/(min·g fw).

1.7 Dry weight of seedlings determination

Seedlings on day 7 after treatment (DAT) were oven-
dried at 105°C for 8 hr and at 80°C for 40 hr, and then the
dry weights were weighed.

1.8 Statistical analysis

With SPSS11.5 software, data were statistically ana-
lyzed to calculate average, standard deviations, correlation
and regression. Differences among means were detected
using one way ANOVA.

2 Results

2.1 Effect of [C8mim]Br on pigment content in leaves

The pigment levels of seedling leaves for different
[C8mim]Br treatments are listed in Table 1. At the highest
levels of [C8mim]Br (8 mg/L), chlorophyll a, chlorophyll
b, total chlorophyll and carotenoid content were 1.81,
0.31, 2.12 and 1.18 µg/g fw, which were 56.59%, 59.21%,
56.99% and 60.40% lower than those of the controls on
the 7th DAT, respectively. Decreases in the chlorophyll
and carotenoid content indicated that [C8mim]Br exhibited
toxic effect on the leaves of wheat seedlings.

2.2 Effect of [C8mim]Br on dry weight of wheat
seedlings

Table 1 indicates that [C8mim]Br decreased dry weights
markedly (p < 0.01) in all the treatment. The highest
concentration (8 mg/L) resulted in dry weight 47.82%
lower than that of control on the 7th DAT.

2.3 Effect of [C8mim]Br on proline content

The content of proline in wheat leaves markedly in-
creased on 7th DAT, compared with the control (p < 0.01),
the levels of proline in the leaves of wheat seedlings treated
with 4, 6 and 8 mg/L of [C8mim]Br increased by 3, 7 and

11-fold of control, respectively (Fig. 1).

2.4 Effect of [C8mim]Br on lipid peroxidation and
membrane permeability

Elevated lipid peroxidation was observed in the
[C8mim]Br-treated seedlings. MDA contents in leaves sig-
nificantly increased with [C8mim]Br concentration (Fig.
2a).

Except for 1 mg/L treatment, [C8mim]Br also promoted
leaf membrane leakage expressed as relative electrical
conductivity in all treated wheat seedlings (Fig. 2b, p <
0.01), indicating that some concentration of [C8mim]Br
(over 1 mg/L) could strongly induce oxidative damage or
cell membrane disruption to wheat seedlings.

2.5 Effect of [C8mim]Br on activities of antioxidant
enzymes

As compared with control, after 7 day IL-treatment, the
activities of SOD, CAT, POD and APX in the leaves of
wheat seedlings decreased (Fig. 3, p < 0.05). The SOD
activity decreased gradually in seedlings treated with 1 and
2 mg/L [C8mim]Br, whereas significantly decreased with
6 and 8 mg/L [C8mim]Br. The similar trend happened to
CAT and POD. SOD was 15.2% and 20.6% lower (Fig.
3a) for samples treated with 6 and 8 mg/L [C8mim]Br,
and CAT activity in leaves was 59.3% and 63.8% (Fig.
3b), and POD was 61.9% and 64.0% lower than that of
control, respectively (Fig. 3c). The activity of APX in
the leaves of wheat seedlings treated with 6 and 8 mg/L
[C8mim]Br decreased markedly on 7th DAT (Fig. 3d, p

Fig. 1 Effect of [C8mim]Br on the proline content in wheat seedlings.
Values are means of three replicates ± SD. ** significant (p < 0.01), *
significant (p < 0.05) compared to control.

Table 1 Effects of [C8mim]Br on leaf pigment content and dry weight of wheat seedlings

Treatment (mg/L) CChl-a (µg/g fw) CChl-b (µg/g fw) CChl-tot (µg/g fw) CCar (µg/g fw) Dry weight (mg)

Control 4.17 ± 0.37 0.76 ± 0.09 4.93 ± 0.51 2.98 ± 0.46 14.43 ± 0.47
1 3.48 ± 0.11** 0.58 ± 0.01* 4.06 ± 0.11** 2.31 ± 0.15** 13.10 ± 0.80**
2 2.66 ± 0.10** 0.39 ± 0.04** 3.04 ± 0.11** 1.65 ± 0.12** 9.63 ± 0.50**
4 2.43 ± 0.06** 0.36 ± 0.03** 2.79 ± 0.07** 1.60 ± 0.13** 8.63 ± 0.31**
6 2.09 ± 0.04** 0.35 ± 0.04** 2.45 ± 0.03** 1.34 ± 0.01** 8.03 ± 0.21**
8 1.81 ± 0.09** 0.31 ± 0.04** 2.12 ± 0.08** 1.18 ± 0.25** 7.53 ± 0.21**

Values are means of three replicates ± SD. ** significant (p < 0.01), * significant (p < 0.05) compared to control.
fw: fresh weight.
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Fig. 2 Effect of [C8mim]Br on MDA content (a) and electrical conductivity (b). Values are means of three replicates ± SD. ** significant (p < 0.01),
* significant (p < 0.05) compared to control.

Fig. 3 Effects of [C8mim]Br on SOD (a), CAT (b), POD (c) and APX (d) in the leaves of wheat seedling. Values are means of three replicates ± SD.
** significant (p < 0.01), * significant (p < 0.05) compared to control.

< 0.01) and was 91.7% and 91.9% lower than those of
control respectively.

3 Discussion

The contents of total chlorophyll, chlorophyll a,
and chlorophyll b in wheat seedlings decreased after
[C8mim]Br treatment and which might be due to the toxic-
ity of [C8mim]Br to chlorophyll biosynthesis. [C8mim]Br
can significantly reduce the activity of antioxidant en-
zymes, and result in massive accumulation of reactive
oxygen species, give rise to quick degradation of photosyn-

thetic pigments (Rai et al., 2004). In addition, carotenoids
can serve as nonenzymatic oxygen radical scavengers (Qin
et al., 2006) and whose decrease, in turn, increase the
toxicity of [C8mim]Br to lipid membrane.

As we know, proline accumulates in plant tissues when
they are under a broad range of stress conditions such as
water shortage, salinity and high-radiation intensity. The
increase of proline content in the leaves of wheat seedlings
under [C8mim]Br (> 4 mg/L) stress might be protective
reaction to cope with [C8mim]Br toxicity. Proline has mul-
tiple functions, e.g., it can be osmotic regulator, scavenger
of free radicals, protector of cytoplasmic enzymes, source
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of nitrogen and carbon for growth, stabilizer of membranes
and a sink for energy to regulate redox potential (Rout
and Shaw, 1998). Its accumulation enhances the abilities of
plants to regulate cytoplasmic osmotic pressure, to protect
enzymes against stress, and to stabilize protein synthesis.

Lipid peroxidation induced by free radicals is important
characteristics in membrane deterioration of plant cell
(McCord, 2000). MDA is a cytotoxic product of lipid
peroxidation (Rai et al., 2004) and a sensitive diagnostic
indicator of oxidative injury (Janero, 1990). [C8mim]Br
treatment may cause loss of differential permeability of
cellular membranes and in turn lead to increase in ion
leakage and cell membrane disruption in the leaves of
wheat seedlings. The increase in electrical conductivity
of ion leakage suggested that [C8mim]Br can bring some
damages to the cell membrane structure of leaves.

The direct and rapid response of plant to toxicants
is reduction in antioxidant enzyme activity at cellular
level. There are many defense enzymes which make
up antioxidant systems, such as SOD (E.C.1.15.1.1),
POD (E.C.1.11.1.7), CAT (E.C.1.11.1.6), and APX
(E.C.1.11.1.11). The protective systems can scavenge ac-
tive oxygen and removal of toxic compounds, to prevent
cell from damage (Cho and Park, 2000). They also play an
important role for plants in protecting cellular membranes
and organelles from various environmental stresses and
damages.

Activity declines of SOD, CAT, POD and APX in
[C8mim]Br-treated plants strongly suggested that antiox-
idant enzymes become incompetent in protection, and
H2O2 and toxic peroxides could not promptly be removed
or changed. And it is natural for the cell membrane to be
destroyed or disrupted. This point can also be confirmed by
correlation between decrease in protection enzyme activity
and increase in MDA content.

Seedling weight can reflect the situation of plant growth
quite well. [C8mim]Br reduced significantly seedling
weight with the increase in concentration, indicating that
[C8mim]Br can affect the metabolic activity and substance
the accumulation of seedlings.

4 Conclusions

In conclusion, [C8mim]Br treatment can cause the de-
crease in chlorophyll content and the decline in activities
of antioxidant enzymes in leaves and reduce dry weight of
seedlings at last. These results indicated that [C8mim]Br
has obviously toxic effects on wheat seedling growth and
development. It is important for agricultural production
and environmental protection departments and relevant
departments pay enough attention to its impact on agro-
ecological system safety.
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