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Introduction

As a widely used carbamate pesticide, propoxur plays 
a vital role in agricultural programs and public health 
application. Due to its long-lasting and wide spectrum 
activity, propoxur is applied mainly in household pest 
control and for residual spraying in malaria eradica-
tion programs (Gupta et al. 2009). Although the benefits 
include enhanced agricultural productivity and reduc-
tion of insect-borne diseases, the overuse of propoxur 
can lead to adverse effect on non-target species, includ-
ing severe acute and chronic poisoning of human and 
animal populations, which gives rise to concern for envi-
ronmental pollution and health hazards of this insecti-
cide (Thompson 1996).

Like other carbamates, propoxur reversibly blocks ace-
tylcholinesterase activity (Shukla et al. 1998; Iyaniwura, 
1991). In animal experiments, a single dose of 1/10 LD

50
 

of propoxur caused 60% decrease in cholinesterase activ-
ity and marked disturbances in higher nervous functions 
(Thiesen et al. 1999) although the inhibited cholinesterase 

activity usually returns to normal levels within a matter of 
hours (Padilla et al. 2007). In humans, the symptoms of 
propoxur poisoning include diarrhea, vomiting, abdomi-
nal pain, profuse sweating, salivation, blurred vision, and 
temporary paralysis of the extremities, which are typical 
for cholinergic overloading (El-Naggar et al. 2009). To 
prevent adverse health effects arising from repeated low-
dose exposure to this insecticide, sensitive methods for 
detection of early stage organismal changes are neces-
sary. In this study, a further investigation of the toxicity of 
the carbamates by metabonomics yields a new approach.

Metabonomics has been defined as “the quantitative 
measurement of the dynamic multiparametric metabolic 
response of living systems to pathophysiological stimuli 
or genetic modification” (Nicholson et al. 1999). It is a 
useful tool for assessing the effects of environmental 
stressors on the health of an organism (Viant et al. 2003), 
diagnosis of human diseases, and characterization of 
genetically modified animal models of disease (Tsang  
et al. 2006; Michael et al. 2005). Typically, nuclear 
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magnetic resonance (NMR) spectroscopy is one of the 
analytical techniques widely used for metabonomic 
studies (Nicholson and Lindon 2008). With the 
automated data reduction and chemometric analysis 
such as principal components analysis (PCA) and partial 
least squares methods (Lindon et al. 2001; Lenz et al. 
2007), the high-frequency 1H NMR spectra of biofluids 
can provide information on potentially hundreds of 
endogenous metabolites (Nicholls et al. 2001). Previous 
1H NMR spectroscopy-based metabonomic analyses 
were applied successfully to analyze urine or serum of rats 
to characterize the dose-dependent effect of cadmium 
and mercury (Nicholson et al. 1983), nanoparticle copper 
(Lei et al. 2008), and light rare earth (Wu et al. 2005; Liao 
et al. 2007). The application of metabonomics is rapidly 
expanding to include the field of pesticide toxicity. It has 
been applied to investigate the metabolic response to 
the exposure of toxic organophosphorous compounds 
such as tri-phenyl phosphate and tri-butyl phosphate 
(Neerathilingam et al. 2010; Aliferis and Tokousbalides 
2011; Alam et al. 2010). Our lab has used this tool to 
assess the toxic effects of pesticide mixture (Wang et al. 
2009; Wang et al. 2011). In this current work, we applied 
a 1H NMR-based analytical strategy combined with 
multivariate pattern recognition (PR) techniques to 
develop a rapid-throughput in vivo screen of carbamate 
pesticide toxicity. Here, metabonomics technology was 
used to detect dose-dependent perturbations in the 
endogenous metabolite profiles of biofluids in propoxur-
treated rats. This method for characterization of propoxur 
toxicity, will allow us to find mechanisms of toxicity of 
insecticide, as well as to identify potential biomarkers for 
early detection of toxic exposure.

Materials and methods

Reagents
Propoxur (2-isopropoxyphenyl N-methylcarbamate) 
(purity 97%) was a kind gift from the Institute of Chemical 
Industry (Hunan, China). 2, 2′, 3, 3′-deuterotrimethyl-
silylproprionic acid (TSP) and D

2
O were purchased from 

Sigma Chemical Co. (St. Louis, MO, USA).

Animals
Male Wistar rats weighing about 200 ± 10 g used in the 
experiments were from Weitonglihua Animal Technology 
Company (Beijing, China). The animals were housed 
individually in plastic cages and kept under conven-
tional conditions (22 ± 3°C) temperature, 12 h light/12 h 
dark cycle, 50 ± 10% relative humidity), with free access 
to standard food and drinking water. After 5-day accli-
mation, the rats were randomly allocated to four groups 
with 5 animals each group, For each treatment, three 
groups were randomly assigned to one of three levels 
of treatment (low, middle, and high dose) for propoxur 
treatment and one group assigned as the control. After 
the last treatment, the rats were transferred to individual 
metabolic cages and the urine samples were collected.

Treatments
Based on data from previous studies showing that acute 
oral LD

50
 of propoxur was 85.1 mg/kg (Institoris et al. 

2001), and referring to the earlier result that no-observed-
adverse-effect level (NOAEL) value of propoxur is 10.00 mg/
kg, which is equal to the value established by WHO/FAO 
Working Groups (1989), we chose the level of 1/5 LD

50
 as 

the highest dose in the present study to induce toxic signs 
in the treated rats. The other two dose levels were respec-
tively chosen as 1/5 and 1/25 of the highest dose level; 
these two dose levels were expected to be lower than a 
NOAEL. Thus, the corresponding dose levels of propoxur 
for low-, middle-, and high- dose groups were respectively 
0.68, 3.40, and 17.00 mg/kg body weight per day.

Propoxur was dissolved in corn oil and applied per 
os by gavage in a volume of 1 ml/kg body weight. The 
control group received an equivalent volume of corn oil 
(vehicle control). All animals were treated consecutively 
for 28 days.

All animal procedures were implemented in accor-
dance with current China legislation and approved by the 
Institute of Zoology Animals Medical Ethics Committee.

Sample collection
After last dosing, 24-h (9 a.m. to 9 a.m. next day) urine 
samples of each rat were collected into ice-cold vessel 
containing 1% sodium azide (0.1 ml) to prevent bacterial 
contamination. The urine collected was then centrifuged 
at 3 000g for 10 min to remove any particulate matter, 
after which an aliquots were taken from each sample and 
stored at -80°C prior to NMR analysis.

Twenty four hours after the final administration, all 
rats were terminated by exsanguination under isoflurane 
anesthesia. During the process, blood samples were 
collected. Serum samples were isolated by centrifuging 
at 2000g for 15 min at 4°C. Aliquots of the samples were 
frozen at -80°C for the following NMR spectroscopy and 
clinical chemistry analysis.

Liver and kidney tissues were immediately dissected 
and fixed in 10% (v/v) buffered neutral formalin solution 
for histopathological exanimation.

Clinical chemistry and histological analysis
Biochemical parameters of serum samples were ana-
lyzed on an Autolab-PM4000 Automatic Analyzer (AMS 
Co., Rome, Italy).

Fixed tissues were processed into paraffin wax, then 
cut into sections of 5–6 μm thickness and stained with 
hematoxylin–eosin. Light microscopic examination of 
the sections was then carried out.

1H NMR spectroscopic measurement of urine sample
Four hundred microliters (400 μl) of each urine sample 
were mixed with 200 μl phosphate buffer solution (PBS) 
(0.2 M Na

2
HPO

4
/0.2 M NaH

2
PO

4
, pH 7.4) to minimize 

variations in sample pH. The urine-buffer mixture was 
allowed to stand for 10 min and then centrifuged at 3500g 
for 5 min at 4°C in order to remove any precipitates. 
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Aliquots of the supernatants (500 μl) from each urine 
sample were mixed with 50 μl of TSP dissolved in D

2
O 

solution (1 mM, final concentration). The TSP acted as the 
internal chemical shift reference (δ

1H
 0.0), whereas D

2
O 

was used for deuterium lock signal for NMR spectrometer. 
All 1H NMR spectra data were recorded on a Bruker-Av600 
spectrometer (Bruker Co., Germany) at 298 K. Water sig-
nals were suppressed by presaturation (Wei et al. 2008).

1H NMR spectroscopic measurement of serum samples
Four hundred microliters (400 μl) of serum samples were 
placed in 5-mm NMR tubes and combined with 50 μl D

2
O 

for locking signal and 50 μl PBS to minimize variations in 
sample pH. All NMR spectra were acquired on spectrom-
eter operating at 600.13 MHz. Water signals and broad 
protein resonances were suppressed by a combination 
of presaturation and the Carr-Purcell-Meiboom-Gill 
(CPMG) spin-echo pulse sequence (RD-90°(τ-180°-τ)

n-

acquisition) (Nicholson et al. 1995).

Data reduction of 1H NMR spectra
All 1H-NMR spectra were manually phased, baseline cor-
rected, and then each spectral region between 10–0.2 
parts per million (ppm) was segmented into each width 
of 0.04 ppm (urine) or 0.005 ppm (serum) using MestReC 
(version 2.3, Mestrelab Research, A Coruna, Spain). 
Typically, 32 free induction decays (FIDs) were collected 
into 64 k data points with a relaxation delay of 5 s and an 
acquisition time of 0.91 s. Prior to Fourier transforma-
tion, the FIDs were multiplied by an exponential function 
with a 0.3 Hz line-broadening factor, and all spectra were 
then referenced to the CH

3
 resonance of creatine at δ3.05 

(Wei et al. 2009). For urine spectra analysis, we scaled 
the normalized metabolite concentrations according to 
the approximate population average concentration of 
creatinine, to remove the effects of variation in the sup-
pression of water resonance and the effects of variation in 

the urea signal, and the region between 4.2 to 6.0 ppm was 
removed prior to PR analysis. The remaining 198 spectral 
segments were scaled to the total integrated area of each 
spectrum. For serum samples, the region of the spectrum 
that included the water signal (δ4.4–5.2) was also removed 
from the analysis. The remaining spectral segments were 
scaled to total integrated area of each spectrum.

PR of the 1H-NMR spectra
PCA with mean centering was processed with the 
software SIMCA-P version 11.5 (Umetrics AB, Umea, 
Sweden). In the PCA model, data were visualized by using 
the PC scores and loading plots (Beckonert et al. 2003). 
Two-dimensional PC score plots facilitated visualization 
of dose-related patterns or clusters of samples, while cor-
responding PC loadings represented single NMR spectral 
regions that characterized underlying metabolic changes 
by showing the influence of the different spectral areas 
on the PCs. Thus, a score plot of PC1 vs. PC2 provides the 
most efficient two-dimensional score plot representa-
tion of the information contained in the data set (Waters  
et al. 2005; Waters et al. 2002). The corresponding loading 
plots could identify metabolites which are considered to 
have a significant contribution to the position of the sam-
ples in the score plot and hence more attention should be 
paid to these variables (Coen et al. 2003).

Results

Body weight and clinical chemistry
There were no obvious clinical signs with any of the ani-
mals throughout the dosing period, and all animals sur-
vived until sacrifice. Body weights of treatment groups 
did not differ from the control values in either low or 
middle dose groups during the experiment, although a 
slight decrease was observed in the high dose group of 
rats after 3 weeks dosing (data not shown). The result 

Figure 1.  Photomicrograph of liver tissue sections of rats. (A) Control rats demonstrate normal structure of hepatocytes; (B) Rats treated with 
low-dose of propoxur (0.68 mg/kg) exhibited nearly normal structure of hepatocytes; (C) Rats treated with mid-dose of propoxur (3.4 mg/kg) 
exhibited faintly stained cytoplasmic nuclei; (D) Rats treated with high-dose propoxur (17 mg/kg) exhibited vacuolated cytoplasm nuclei and 
karyopyknosis of hepatocytes. (Magnification, 200 ×).
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of blood chemical analysis showed that cholinesterase 
activity was significantly inhibited by propoxur at the 
tested dose levels although other parameters such as 
serum glutamic-oxaloacetic transaminase, glutamic 
pyruvic transaminase, alkaline phosphatase, and blood 
urea nitrogen, were not affected in any group (date not 
shown).

Histopathology
Liver tissue sections of rats treated with different doses 
of propoxur for 28 consecutive days are shown in  
Figure 1. Microscopy examination found that liver 
parenchymal cells from the rats of the high dose group 
changed with hepatocellular necrosis and vacuolation 
(Figure 1D). Some animals were noted to show slightly 
histopathological changes caused by the pesticide, 
which was identified in rats of the middle dose group  
(Figure 1C). No discernible differences were found in 

the livers between low dose exposed and non-exposed 
control rats (Figure 1A and 1B). None of the propoxur 
treatment groups demonstrated pathological changes 
associated with kidney damage (data not shown).

1H NMR spectra and PR analysis of urine samples  
show dose-related biochemical alteration of  
propoxur-treated rats
After 28-day treatment, the dose-related toxicity of pro-
poxur was investigated by applying PCA to the datasets 
containing NMR spectra of urine from control and all of 
the pesticide-treated animals (Figure 2). The valuable 
information on endogenous biochemical changes of 
samples based on the similarities of biochemical profiles 
was visualized by PCA to map the NMR spectra into a low 
dimensional metabolic space.

PCA scores plot of the NMR spectra of urine samples 
showed a distinct clustering of the various groups  

Figure 2.  PCA scores plot (A) and corresponding loadings plot (B) based on the 1H NMR spectra of rat urine. The rats were treated with 
propoxur at doses of 0 mg/kg (○), 0.68 mg/kg (﹡), 3.4 mg/kg (◆), and 17 mg/kg (●) respectively for consecutive 28 days. The numbers refer to 
peak chemical shifts of the discriminating features include: 1.34 ppm, 1.94 ppm, 1.46 ppm, 2.54, 2.70 ppm, 2.42, 3.02 ppm, 2.46 ppm, 2.9 ppm, 
8.5 ppm, 4.06, 3.06 ppm, 3.24, 3.40 ppm, 3.26, 3.42 ppm, 3.58 ppm, 2.88 ppm.

Figure 3.  Typical 600 MHz 1H NMR spectra of rat urine. The rats were treated with propoxur at doses of 0 mg/kg (a), 0.68 mg/kg (b), 3.4 mg/kg 
(c), and 17 mg/kg (d) respectively. Abbreviations: TMA, trimethylamine; DMA, dimethylamine; DMG, dimethylglycine.

B
io

m
ar

ke
rs

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

C
ha

ng
hu

a 
C

hr
is

tia
n 

H
os

pi
ta

l o
n 

11
/1

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



570  Y. Liang et al.

 � Biomarkers

(Figure 2A). Both mid- and high-dose group readily 
separated from the control group along PC1 and PC2 
axis. Even the low-dose group exhibited separation of 
some urine profiles from the cluster of control spectra. 
The loading plots of the PCA results from urine samples 
showed those spectral regions that contribute most to 
separation of samples in scores plot (Figure 2B). The 
dominant increase in the intensity of lactate (1.34 ppm) 

with concomitant elevation in the singal of the acetate 
(1.94 ppm) and alanine (1.46 ppm) were responsible 
for the separation of the mid- and high-dose group 
from control. Also, increased concentrations of citrate 
(2.54, 2.70 ppm), 2-oxoglutarate (2-OG) (2.42, 3.02 
ppm), succinate (2.46 ppm), dimethylglycine (DMG) 
(2.9 ppm) and formate (8.46 ppm) were identified in 
the mid- and high- dose group. Additionally, reduction 

Figure 4.  Series of serum CPMG 1H NMR spectra (δ 0–6) from rats. The rats were treated with propoxur at doses of 0 mg/kg (a), 0.68 mg/kg (b), 
3.4 mg/kg (c), and 17 mg/kg (d). Signal variations are shown in the resonances of lactate, alanine, acetate,acetoacetate, glutamine. Key: 3HB, 
3-D-hydroxybutyrate; LDL, low-density lipoprotein; VLDL, very low-density lipoprotein; NAC1 and NAC2, composite N-acetyl signals from 
glycoproteins; Cho, choline; PCho, phosphocholine.

Table 1.  Summary of the propoxur-induced variations in the endogenous urinary metabolites.

Major metabolites Chemical shifts (ppm)
Dose levels (mg/kg/day)

0.68 3.40 17.00
Lactate 1.34 (d) – ↑ ↑*
Alanine 1.46 (d) – ↑ ↑
Acetate 1.94 (s) – ↑* ↑*
Succinate 2.42 (s) – – ↑*
Citrate 2.54, 2.70 (d) – ↑ ↑*
2-oxoglutarate 2.46, 3.02 (t) – ↑* ↑*
Taurine 3.26, 3.42 (t) ↑ – –

Glucose 3.22, 3.34, 3.54, 3.74 (m) – ↓* ↓*
Fructose 3.62, 3.66, 3.70, 3.78, 3.82, 3.90 (m) – ↓ ↓
N-acetylglutamate 1.90, 1.98, 2.02, 2.38 (m) – ↑ ↑
Aspartate 2.82 (s) – ↑ ↑
Asparagine 2.86, 2.94 (d) – ↑ ↑
Trimethylamine 2.88 (s) – ↑ ↑
Proline 3.30 (s) – ↑ ↑
Glycine 3.46 (s) – ↑ –

Hippurate 3.98,7.66, 7.86 (m) ↑* ↑ –

Phenylacetylglycine 3.68,7.35, 7.42 (m) – ↓ ↓
Formate 8.48 (s) – ↑ ↑
Changes are relative to control samples: –, no change; ↓, decrease; ↑, increase. The integral values for each segmented region of chemical 
shift were represented for each metabolite resonance. Comparisons among groups were performed by ANOVA with post hoc analysis using 
Dunnett’s test. *p < 0.05 was considered significant, compared with control.
Abbreviations: s: singlet; d: doublet; t: triplet; m: multiplet.
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in the concentration of glucose also contributed to this 
separation from control. Elevation of β-glucose (3.24, 
3.40 ppm), taurine (3.26, 3.42 ppm), and hippurate 
(3.98, 7.66, and 7.86 ppm) contributed to separtation of 
the low-dose groups. The series of visual urine spectra 
demonstrated a slight increase of 3-d-hydroxybutyrate 
(3HB) (1.20 ppm), glycine (3.58 ppm) and trimethyl-
amine (2.88 ppm) (Figure 3). The propouxr induced 
perturbations in the biochemical composition of urine, 
the results of which are summarized in Table 1, dem-
onstrating higher urinary concentrations of lactate, 
acetate, citrate and lowest level of glucose exhibited in a 
dose-dependent fashion.

1H NMR spectra and PR analysis of serum samples from 
propoxur-treated rats
Utilization of the CPMG pulse in the acquisition of serum 
spectra reduced the effect of large macromolecules that 
typically display reduced mobility on the NMR time 
scale. As a result, a typical 1H CPMG NMR spectrum in  
Figure 4 shows several low molecular weight metabolites 
from the serum sample. Most resonances have been 
previously assigned including the major low molecular 
weight metabolites that dominated the spectra com-
posed of lactate, choline/phosphocholine, pyruvate, 
citrate, acetate, creatine, formate, fatty acids, and some 
amino acids. However, visual inspection of these spectra 

Figure 5.  Scores plot (A, left) and corresponding loadings scatter plot (A, right) based on serum CPMG 1H NMR spectra obtained from 
treated rats. The rats were treated with propoxur at doses of 0 mg/kg (○), 0.68 mg/kg (﹡), 3.4 mg/kg (◆), and 17 mg/kg (●) respectively for 
consecutive 28 days. Loadings line plots (B and C) from PCA model corresponding to the PC1 and PC2 respectively, showing the prominent 
changes contributing to the discrimination.
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did not present any clear differences among the dose lev-
els used in this study.

Figure 5 shows the PC scores and loading plots 
obtained from analysis of the serum samples. A plot of 
PCA scores derived from the 1H NMR spectra showed 
that three dose groups clustered very tightly together, and 
the control group forms a tight cluster while the cluster of 
low dose group is more close to the control group (Figure 
5A). PC1 captured the greatest variation in the spectra 
of control and propoxur-treated animals while PC2 was 
the most inlufluential in distinguishing those animals 
of mid- and high- dose groups. This suggested that both 
mid- and high- dose groups exhibited altered biochemi-
cal composition after rats were exposured to propoxur for 
28 consecutive days.

Using the PCA weights, line plots were generated to 
identify the resonances from these metabolites that are 
most influential in discrimination of these responses. The 
line plots respectively represented the first and the sec-
ond component (Figure 5B and 5C). Here, the variables 
with a large negative value are likely to be correlated with 
the mid- and high- dose groups, while those with posi-
tive values are probably corresponded to the control or 
low-dose group (Figure 5B). The prominent changes in 
endogenous serum metabolites were identified from 
the loading line plots. These plots correspond to the first 
component that displayed increased levels of lactate (1.34 
and 4.11 ppm), pyruvate (2.38 ppm), betain (3.27 and 
3.90 ppm), choline (3.20 ppm), phospholine (3.22 ppm), 
and glucose (3.10~4.50 ppm), the decreased levels of 
amino acids (valine, leucine/isoleucine, glutamine, and 
glycine), and the composite N-acetyl signals from glyco-
proteins and lipid, which contributed to the separation 
of mid- and high-dose groups from control group (Figure 
5B). Additionally, the separation of the mid-dose group 
from high-dose group along PC2 was demonstrated 
(Figure 5C). The variables with a large negative value 
are positively correlated with the high-dose group, while 
those with positive values are positively correlated with 
the mid-dose group. The highest levels of lactate, cho-
line/phosphocholine, α- and β-glucose were observed in 
rats treated with high-dose propoxur whereas the stron-
gest signal of creatine, alanine, and pyruvate were seen in 
the mid-dose treated animals (Figure 5C).

Discussion

Hepatotoxicity induced by pesticides especially car-
bamates/organophosphates are of great concern. The 
data in this present study suggests that propoxur at high 
dose can induce hepatotoxicity, which was confirmed by 
the result of histopathological examination. The high-
est dose of the pesticide used in this study is 17 mg/kg, 
which is slightly higher than the NOAEL value, while the 
other doses used are far lower than the NOAEL, which 
are insufficient to induce observable histopathological 
change. However, the following metabonomic profile 
analysis from the urine and serum samples not only 

validated the above histopathological findings, but also 
further revealed the toxicity of propoxur exposure even 
at lower dose levels.

The PR technique used here successfully and clearly 
separated high-dose, mid-dose, and low-dose group 
from the control and each other in the 1H NMR spectra of 
urine samples, which indicates alteration of biochemical 
composition or different toxicological modes-of-action in 
the rats after 28-day accumulative exposure to propoxur. 
Through the loading plots or spectra, we found the appar-
ent biochemical changes include elevation of the single 
intensity of lactate, acetate, and other urine metabolites.

The increased tricarboxylic acid (TCA) cycle interme-
diates, such as citrate, succinate, and 2-OG, may indicate 
that the activity of TCA cycle enzymes in hepatocytes 
were influenced by propoxur, which may have affected 
energy metabolism in liver. Acetate is an end product 
of fatty acid oxidation. It is also produced from glycerol-
phospholipid and pyruvate metabolism (Bradford et al. 
2008). The increase of urinary acetate levels suggests that 
the metabolic pathway to acetyl-CoA was inhibited and 
energy status of liver was disturbed. It is postulated that 
the energy metabolism was shifted toward ketone body 
formation, which can be used as an alternative energy 
source. The abnormal elevation of the 3HB validated 
this switch because 3HB is one of the ketones produced 
primarily by liver oxidation of fatty acids. Usually, 3HB is 
a hallmark of enhanced β-oxidation and a clue to liver 
malfunction. Hence, the high dose propoxur may disturb 
carbohydrate metabolism, causing glucose to be inef-
fectively utilized and eventually leads to the increase of 
ketone body formation.

However, serum sample PCA scores plot showed that 
low-dose groups overlapped with control, suggesting 
the same kind of metabolic profiles between these two 
groups. These findings are consistent with that the low-
dose group did not produce significant histopathologi-
cal changes. Although the mid-dose was far below the 
NOAEL, we detected some significant metabonomic 
changes related to hepatotoxicity.

As a result of CPMG sequence suppression, the broad 
peak regions of very low-density lipoprotein (VLDL) and 
low-density lipoprotein (LDL) were considerably restrained. 
However, the signal intensities of VLDL/LDL of vehical con-
trol group were much stronger than those of the mid- and 
high-dose propoxur groups. The drop in serum LDL/VLDL 
in the high-dose group suggested that carbohydrate metabo-
lism was altered. It is possibe that propoxur directly affected 
the key enzymes of carbohydrate metabolism (Solanky et al. 
2003). It was reported that propoxur induced the generation 
of free radicals and alterations in antioxidants or oxygen free 
radical, which lead to lipid peroxidation enhancement and 
malondialdehyde (MDA) levels increase (Siroki et al. 2001) 
and induced haematological changes, indicating the dam-
age of liver in rats (Institóris et al. 2002). We deduced that this 
modification may contribute to the hepatotoxicity observed 
in the rats of the high-dose group. Accumulation of propoxur 
probably caused oxidative damage in liver tissues under 
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continous administration, which was in concordance with 
the histological findings.

All the results above showed that 1H NMR spectra of 
serum samples can provide detailed toxicological infor-
mation on rats exposed to propoxur. The metabonomic 
data obtained from the present study provides new 
important mechanistic clues to the effects of propoxur 
on liver metabolism and energy utilization which may 
be important for understanding the pathogenesis of liver 
injury. This evidence demonstrates that subacute admin-
istrations of mid- and high-dose propoxur might disturb 
antioxidative defense systems and increase lipid peroxi-
dation in liver tissues of rats. A recent study reported that 
propoxur could injure CHO-K1 cells via oxidative stress 
by the significant increase in MDA production (Maran 
et al. 2010), suggesting that propoxur induced the lipo-
peroxidation in vitro and induction of oxidative stress 
might be related to their cytotoxic effects (Gahelnabi  
et al. 2000). Previous in vivo studies (Maran et al. 2009; Seth  
et al. 2001) showed that propoxur insecticide caused oxi-
dative stress through the generation of free radicals and 
changes in antioxidant enzymes and oxygen-free radi-
cal scavengers. One clinical investigation consisted of 30 
patients of propoxur poisoning observed the increased 
blood lipid peroxidation products (for example, MDA), 
which indicates the oxidative stress after human poison-
ing with propoxur (Seth et al. 2000). On the other hand, 
these findings indicated that the elevated serum lactate, 
pyruvate, choline, and phosphocholine as well as the 
decreased alanine and glucose could serve as the possible 
biomarkers for liver damage caused by propoxur.

Comparison of NMR-PR data with histopathological 
changes in rats suggests that significant changes of histo-
pathology could only be observed in the rats of the high-
dose group, but the current NMR-PR is able to detect a 
difference at the mid-dose group and predict hepatotoxic-
ity. Overall, urine samples facilitate no-invasion monitor-
ing of metabonomic modification and should be chosen 
first, whereas serum sample changes represent more 
chronic or long-term snapshots of the system (Solanky 
et al. 2003). The advantages of metabonomics approach 
including sensitivity, speed, and high-throughput nature 
could favor it for detection of clinically relevant biomark-
ers and rapid in vivo screening. Therefore the application 
of metabonomics in the study of pesticide toxicity has 
apparent benefits over traditional classical toxicology.
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