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Determination of Deltamethrin and Its
Metabolites, 3-Phenoxybenzoic Acid and
3-Phenoxybenzyl Alcohol, in Maternal
Plasma, Amniotic Fluid, and Placental

and Fetal Tissues by HPLC

Yan Ding, Catherine A. White, James V. Bruckner,

and Michael G. Bartlett*

Department of Pharmaceutical and Biomedical Sciences, College of

Pharmacy, The University of Georgia, Athens, Georgia, USA

ABSTRACT

Pyrethroid insecticide deltamethrin [(S)-a-cyano-3-phenoxybenzyl-

(1R,3R)-3-(2,2-dibromovinyl)-2,2-dimethylcyclo-propane-1-carboxylate]

is widely used throughout the world on cotton, crops, and stored products.

It is also used to treat livestock and is, thus, a public health concern. The

toxic effects of deltamethrin in mammals include tremors and salivation.

Few studies have been performed to characterize the toxicokinetics of

deltamethrin, mainly due to the lack of a sensitive and reliable analytical

method. An analytical method was, thus, developed and validated for the
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determination of deltamethrin concentrations in pregnant rat maternal

plasma, amniotic fluid, placenta, and fetus using protein precipitation

and reversed-phase high performance liquid chromatography. The limits

of quantitation for deltamethrin were 100 ng/mL for amniotic fluid and

200 ng/mL for plasma, placental and fetal tissues. Recoveries ranged

from 83.0% to 98.1% for deltamethrin, 90.5% to 99.7% for 3-phenoxy-

benzoic acid (3-PB Acid), and 82.4% to 92.3% for 3-phenoxybenzyl

alcohol (3-PB Alc). The intra-day (n ¼ 5) precision and accuracy for

deltamethrin were in the range of 0.2–7.8 (relative standard deviation,

RSD) and 0.4–11.2% (% error). The intra-day (n ¼ 5) precision and

accuracy for 3-PB Acid were in the range of 1.1–13.6% and 1.1–

13.0%. The intra-day (n ¼ 5) precision and accuracy for 3-PB Alc were

in the range of 0.6–11.5% and 1.9–13.7%. Inter-day (n ¼ 15) precision

and accuracy for deltamethrin ranged from 3.1% to 12.0% (% RSD) and

2.5% to 8.8% (% error). Inter-day (n ¼ 15) precision and accuracy for

3-PB Acid ranged from 1.8% to 12.5% and 2.1% to 10.0%. Inter-day

(n ¼ 15) precision and accuracy for 3-PB Alc ranged from 2.4% to

11.3% and 3.1% to 10.5%.

Key Words: Deltamethrin; HPLC; Toxicokinetics; Pregnant rat.

INTRODUCTION

Deltamethrin [(S)-a-cyano-3-phenoxybenzyl-(1R)-cis-3-(2,2-dibromo-

vinyl)-2, 2-dimethylcyclopropane carboxylate] is a synthetic type II pyrethroid

insecticide.[1] It is one of the most potent pyrethroids known and is widely used

in veterinary products to control lice, flies, and ticks on cattle, sheep, and pigs.

It is also used in agricultural formulations to control numerous insect pests

on fruit, vegetables, and field crops. In human medicine, deltamethrin is effec-

tive as a pediculocide.[2] Its toxic effects include choreoathetosis and salivation.

Those effects are generally rapid in onset and brief in duration.[3] Substantial

oral and dermal exposures of humans typically produce GI upset and paras-

thesias, respectively. There is a report, however, of a 30-year-old male who

died 2 days after consuming about 30 mL of deltamethrin.[4] There do not

appear to be reports of developmental effects in humans.

Investigation of developmental effects of deltamethrin in animal models

has yielded conflicting results.[3,5,6] In one of the studies, no serious signs of

fetotoxicity or teratogenicity were observed in fetuses of rats given delta-

methrin in oral doses of 1.0, 2.5, or 5.0 mg/kg/day, during gestation days 6

through 15, although, the highest dose level resulted in the death of 4/20

treated dams.[5] In another study, Kavlock et al. observed no significant

signs of fetotoxicity or teratogenicity in fetuses of mouse or rat dams

Ding et al.1876
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administered deltamethrin during major stages of organogenesis, at oral dose

levels up to, and including, those eliciting overt signs of maternal toxicity

(up to 5 and 12 mg/kg/day in mice and rats, respectively).[3] Abdel-Khalik

et al. reported significant dose-dependent postimplantation loss and retarded

growth of fetuses of rat dams administered oral doses of deltamethrin of

1.0, 2.5, or 5.0 mg/kg/day, from gestation days 6 through 15.[6] The investi-

gators noted that the developmental effects may have resulted, at least in part,

from compromised placental tissues in treated dams, since placental weight

was increased in all treatment groups.[6] It is not clear whether pyrethroids

cross the placenta and reach the fetus in toxicologically significant

amounts.[7 – 9] Findings in a limited number of animal studies indicate that

in utero exposure to certain pyrethroids can result in persistent effects on

neurotransmitters,[10,11] and on the immune system[12] of immature rats.

The reliability of these data is uncertain, due to limitations in the study

designs. One problem, was the length of time (i.e., 1–8 days) between admin-

istration of the last dose and measurement of tissue levels of test compounds.

More definitive studies of placental transport of major pyrethroids would be

desirable.[10]

A pregnant rat model can be used to investigate the placental transfer of

deltamethrin, since such studies cannot be conducted in humans. This model is

relevant because of the similar changes seen in the hemochordial placenta and

the hemodynamic pregnancy of rats and humans.[13,14] The containment of

each rat pup in an individual fetal sack and the large litter size, also make it

a useful model for serial sampling of maternal plasma, amniotic fluid, fetus

and placenta in toxicokinetic studies.[15]

Previous studies of deltamethrin metabolism in rats, have revealed that

the principal mechanisms of metabolism are ester cleavage and oxidation

at the 40 position of the aromatic ring.[16] Though it is generally accepted

that metabolism of deltamethrin results in the formation of compounds that

have little or no demonstrable toxicity,[17,18] incorporation of metabolite infor-

mation into the toxicokinetic study of deltamethrin would help to understand

the stoichiometry of absorption, distribution, metabolism, and excretion

(ADME) of deltamethrin. In this research project, 3-phenoxybenzoic acid

(3-PB Acid) and 3-phenoxybenzyl alcohol (3-PB Alc) were selected for

study. 3-PB Acid is a major metabolite of the aromatic portion of delta-

methrin. 3-PB Alc was not observed in an earlier study of deltamethrin meta-

bolism in the rat.[16] Our purpose was to verify this earlier observation and to

provide a method that could be transferred to other species, including humans,

in whom this metabolite has been reported.

Several chromatographic methods have been developed to determine

deltamethrin and some of its metabolites including 40-HO-deltamethrin,

from different matrices such as a cattle dip, rat plasma, and cow blood and
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milk.[2,19 – 21] Most of the HPLC methods for deltamethrin analysis were not

validated.[19 – 21] For the method that was validated, its animal experiment

procedure requires the sacrifice of animals at each individual time point of

sample collection postdose.[2] This procedure will incur inherent errors in

the toxicokinetic profiles caused by ADME differences between each animal.

Hence, the objective of this research was to develop a quick, sensitive,

and validated HPLC method to determine deltamethrin and its metabolites,

3-PB Acid and 3-PB Alc, in pregnant rat maternal plasma, amniotic fluid,

placental and fetal tissues. This will also facilitate serial sampling from a

single animal to assist in the placental transfer study of deltamethrin.

EXPERIMENTAL

Reagents and Chemicals

Analytical standards of deltamethrin and its metabolites 3-PB Acid and

3-PB Alc were purchased from Sigma-Aldrich Fine Chemicals (St. Louis,

MO). HPLC-grade acetonitrile was obtained from Fisher Scientific (Fair

Lawn, NJ). Reagent grade phosphoric acid was purchased from J. T. Baker

(Phillipsburg, NJ). Deionized water was generated from a Continental Deion-

ized Water System (Natick, MA).

Preparation of Stock and Standard Solutions

Individual deltamethrin, 3-PB Acid, and 3-PB Alc stock solutions were

prepared in acetonitrile to give a final concentration of 1.0 mg/mL. Individual

standard solutions with concentrations of 1.0, 1.5, 2.5, 3.75, 5.0, 10.0, 15.0, and

25.0mg/mL for maternal plasma, placental, and fetal tissues, 0.5, 1.25, 1.5, 2.5,

3.75, 5.0, 10.0, 15.0, and 25.0mg/mL for amniotic fluid were prepared by

serial dilution of deltamethrin, 3-PB Acid, and 3-PB Alc stock solutions with

acetonitrile. Precision and accuracy standards (1.0, 2.0, 7.5, and 20.0mg/mL

for maternal plasma, placental and fetal tissues, 0.5, 1.0, 7.5, and 20.0mg/mL

for amniotic fluid) were prepared in the same manner. All stock and standard

solutions were made fresh for each day of analysis or validation.

Chromatographic System

The HPLC experiment was performed on a Hewlett-Packard (Agilent)

Series II 1090 Liquid Chromatographic System (Palo Alto, CA). The detector
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used was a Waters Lambda-Max Model 481 LC Spectrophotometer (Milford,

MA). The data processing device was a Hewlett-Packard (Agilent) 3395 Inte-

grator. The software used was Hewlett-Packard (Agilent) ChemStation for LC

Rev. A.04.01. Chromatographic separation was achieved on a Zorbax 80SB-

CN column (4.6 � 250 mm2, 5mm) from MAC-MOD Analytical, Inc.

(Chadds Ford, PA), equipped with a Phenomenex C-18 4 mm L � 2 mm

I.D. guard column (Torrance, CA).

Chromatographic Conditions

The mobile phase used was acetonitrile and deionized water (adjusted to

pH 2.4 using phosphoric acid). The gradient used for maternal plasma and

amniotic fluid was 20% acetonitrile at time 0, 60% acetonitrile at 15 min,

80% acetonitrile at 18 min, 80% acetonitrile at 20 min, 20% acetonitrile at

22 min, and 20% acetonitrile at 24 min. The gradient used for placental and

fetal tissues was 20% acetonitrile at time 0, 60% acetonitrile at 15 min,

80% acetonitrile at 22 min, 80% acetonitrile at 24 min, 20% acetonitrile at

26 min, and 20% acetonitrile at 28 min. The flow rate was 0.8 mL/min, and

the detection wavelength was 210 nm for maternal plasma and amniotic

fluid, and 220 nm for placental and fetal tissues. Under the chromatographic

conditions described, deltamethrin eluted at approximately 22.3 min for

maternal plasma and amniotic fluid, and 24.0 min for placental and fetal tis-

sues. 3-PB Acid and 3-PB Alc eluted at approximately 16.3 and 15.5 min

for all four matrices.

Calibration Curves

Blank plasma, amniotic fluid, placenta, and fetal tissues were collected

from untreated, anesthetized pregnant Sprague–Dawley rats (Harlan,

Indianapolis, IN). Blank placental and fetal tissue homogenates were prepared

by homogenization with two volumes of deionized water (w/v) in a Tekmar

tissue grinder (model SDT-1810, Cincinnati, OH). Calibration standards for

maternal plasma, placental and fetal tissues were prepared by spiking

120mL of the tissue homogenate or biological fluid with 30mL of delta-

methrin, 3-PB Acid, and 3-PB Alc standard solution to obtain deltamethrin,

3-PB Acid, and 3-PB Alc concentrations of 0.2, 0.3, 0.5, 0.75, 1.0, 2.0, 3.0,

and 5.0mg/mL. Calibration standards for amniotic fluid were prepared by

spiking 80mL of the biological fluid with 20mL of deltamethrin, 3-PB

Acid, and 3-PB Alc standard solutions to obtain deltamethrin, 3-PB Acid,

and 3-PB Alc concentrations of 0.1, 0.25, 0.3, 0.5, 0.75, 1.0, 2.0, 3.0, and
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5.0mg/mL. All the spiked tissue homogenate or biological fluid standards

were then extracted from the biological matrices using the procedures

described below. All standards were prepared on the day of analysis.

Extraction Procedures

Maternal plasma, amniotic fluid, placental and fetal tissue samples were

all subjected to protein precipitation. In a 1.5 mL microcentrifuge tube, 30mL

of deltamethrin, 3-PB Acid, and 3-PB Alc solution were added to 120mL of

plasma. The tube was vortexed briefly before the addition of 540mL of cold

acetonitrile. The tubes were votexed again for 60 sec and centrifuged at

13,000 rpm for 10 min. The supernatant was evaporated under a gentle stream

of nitrogen until reaching dryness. The pellet was reconstituted in 100mL of

50% acetonitrile in water. The reconstituted solution was votexed for 60 sec

and sonicated for 5 min, vortexed again for 30 sec and centrifuged for 5 min

at 13,000 rpm, using the same microcentrifuge. The resulting solution was

then transferred to an injection vial, where 25mL of sample was injected

onto the HPLC column.

In a 1.5 mL microcentrifuge tube, 20mL of deltamethrin, 3-PB Acid, and

3-PB Alc solution were added to 80mL of amniotic fluid. The tube was vor-

texed briefly before the addition of 450mL of cold acetonitrile. The remaining

extraction procedure was the same as plasma extraction. The resulting solution

was then transferred to an injection vial, where 25mL of sample was injected

onto the HPLC column.

In a 1.5 mL centrifuge tube 120mL of the tissue homogenate, 30mL of

deltamethrin, 3-PB Acid, and 3-PB Alc standard solution were combined

and vortexed for 10 sec. To precipitate proteins, 700mL of ice-cold aceto-

nitrile was added to the tube. The remaining extraction procedure was the

same as with the plasma extraction. The resulting solution was then trans-

ferred to an injection vial where 30mL of sample was injected onto the

HPLC column.

RESULTS AND DISCUSSION

The structures of deltamethrin, 3-PB Acid, and 3-PB Alc are shown in

Fig 1. Separation of deltamethrin, 3-PB Acid, and 3-PB Alc from interfering

matrix peaks was explored using different kinds of columns, mobile phases,

and gradient. Baseline resolution of deltamethrin, 3-PB Acid, and 3-PB Alc

was achieved using the chromatographic conditions described in the Experi-

mental section. Fig 2(a–d) show chromatograms of spiked deltamethrin,
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3-PB Acid, and 3-PB Alc (3.0mg/mL) in rat maternal plasma, amniotic fluid,

placental and fetal tissues.

The calibration curves for each day of validation and analysis showed

good linearity over the concentration range from 0.1 to 5.0mg/mL for amnio-

tic fluid and 0.2 to 5.0mg/mL for plasma, placental and fetal tissues. Micro-

soft Excel and JMP statistical software were used to generate linear regression

equations for all calibration curves. The r2 values of the calibration curves for

deltamethrin, 3-PB Acid, and 3-PB Alc in all four matrices, are summarized in

Table 1.

The limits of detection (LOD) for deltamethrin, 3-PB Acid, and 3-PB Alc

in biological matrices, were determined by analysis of standard-spiked

samples of gradually decreasing concentration. The LODs of deltamethrin,

3-PB Acid, and 3-PB Alc were determined as a concentration at which the

signal/noise ratio was �3. The LOD for each compound was approximately

0.05mg/mL for all four biological matrices.

To investigate the extraction efficiencies of deltamethrin, 3-PB Acid, and

3-PB Alc from the various biological matrices (maternal plasma, amniotic

fluid, fetal and placental tissues), standard-spiked matrix samples at the 0.8

and 4.0mg/mL concentrations were subjected to extraction and analysis.

For each standard concentration, five replicates were investigated. The result-

ing peak areas were compared to peak areas of samples containing equal

amounts of analytes in corresponding blank biological matrices. The recov-

eries for deltamethrin, 3-PB Acid, and 3-PB Alc from the four individual

matrices are shown in Table 2.

Assay precision and accuracy were calculated for each matrix over 3 days.

Blanks from each matrix were spiked with deltamethrin, 3-PB Acid, and 3-PB

Alc to yield final concentrations corresponding with those in the calibration

curves. Five replicates of blank maternal plasma, placental and fetal tissues

spiked with deltamethrin, 3-PB Acid, and 3-PB Alc concentrations of

0.2mg/mL (limit of quantitation, LOQ), 0.4, 1.5, and 4.0mg/mL, were

prepared for each validation day to test the precision (relative standard

Figure 1. Chemical structures of deltamethrin, 3-PB Acid, and 3-PB Alc.
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deviation, % RSD) and accuracy (% error). Five replicates of blank amniotic

fluid spiked with deltamethrin, 3-PB Acid, and 3-PB Alc concentrations of

0.1mg/mL (LOQ), 0.2, 1.5, and 4.0mg/mL, were prepared for each validation

day to test the precision and accuracy. Intra day (n ¼ 5) and inter day (n ¼ 15)

precision and accuracy were calculated from standard curves constructed from

each of the four biological matrices studied, and are shown in Tables 3 and

4, respectively. The intra day (n ¼ 5) precision and accuracy for deltamethrin

were in the range of 0.2–7.8 (% RSD) and 0.4–11.2 (% error) for the four

matrices. The intra day (n ¼ 5) precision and accuracy for 3-PB Acid were

in the range of 1.1–13.6 (% RSD) and 1.1–13.0 (% error) for all four matrices.

The intra day (n ¼ 5) precision and accuracy for 3-PB Alc were in the range of

0.6–11.5 (% RSD) and 1.9–13.7 (% error) for all four matrices. Inter day

(n ¼ 15) precision and accuracy for deltamethrin ranged from 3.1% to

12.0% (% RSD) and 2.5% to 8.8% (% error), respectively, for the four

matrices. Inter-day (n ¼ 15) precision and accuracy for 3-PB Acid ranged

from 1.8% to 12.5% (% RSD) and 2.1% to 10.0% (% error), respectively,

for all four matrices. The inter day (n ¼ 15) precision and accuracy for

3-PB Alc ranged from 2.4% to 11.3% (% RSD) and 3.1% to 10.5% (% error).

Table 1. The r2 values of calibration curves for

deltamethrin, 3-PB Acid, and 3-PB Alc from

maternal plasma, amniotic fluid, placental and

fetal tissues (n ¼ 3).

r2 Range

Maternal plasma

Deltamethrin 0.99930–0.99982

PB Acid 0.99964–0.99998

PB Alc 0.99917–0.99999

Amniotic fluid

Deltamethrin 0.99821–0.99950

PB Acid 0.99729–0.99978

PB Alc 0.99739–0.99904

Placental tissue

Deltamethrin 0.99878–0.99993

PB Acid 0.99945–0.99992

PB Alc 0.99941–0.99987

Fetal tissue

Deltamethrin 0.99937–0.99953

PB Acid 0.99955–0.99969

PB Alc 0.99881–0.99951

Ding et al.1886
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Stability testing was performed for deltamethrin, 3-PB Acid, and 3-PB

Alc. Spiked biological fluids, or tissue homogenate samples (3.0mg/mL),

were exposed to three consecutive freeze/thaw cycles over a period of

4 days. On day 1, 20 blank biological matrices samples were spiked with

deltamethrin, 3-PB Acid, and 3-PB Alc, to give a final concentration of

3.0mg/mL, and five of them were extracted and analyzed as described

above. The remaining 15 spiked plasma samples were stored at 2208C. On

the following three consecutive days, the spiked plasma samples were thawed,

and five more extracted and analyzed. The day-to-day measured peak areas of

deltamethrin, 3-PB Acid, and 3-PB Alc were compared and the results listed in

Table 5. The % RSD between the average peak area of deltamethrin, 3-PB

Acid, and 3-PB Alc each day, was less than 9.6%. There was no distinctive

decline in peak areas for either deltamethrin, 3-PB Acid, or 3-PB Alc over

three consecutive freeze/thaw cycles. The stability of extracted biological

fluid, or tissue homogenate samples in the autosampler, was also tested for

deltamethrin, 3-PB Acid, and 3-PB Alc. Six extracted biological matrice

samples containing 3.0mg/mL of deltamethrin, 3-PB Acid, and 3-PB Alc,

were put into the autosampler for a 25-hr period. At time 0, one sample was

injected onto the HPLC column and analyzed. Over the following 25 hr,

one additional sample was injected and analyzed approximately every 5 hr.

The peak areas for deltamethrin, 3-PB Acid, and 3-PB Alc in each injection,

were compared. The % RSD between each sample was ,11.2% for all three

compounds. There was no obvious decline in peak areas between each injec-

tion (Table 6).

Table 2. The percentage recovery +SD (n ¼ 5) of deltamethrin, 3-PB Acid, and

3-PB Alc from rat maternal plasma, amniotic fluid, placental and fetal tissues.

Analyte

concentration

(mg/mL)

Maternal

plasma

Amniotic

fluid

Placental

tissue Fetal tissue

Deltamethrin

0.8 83.0 + 9.4 90.5 + 11.8 88.0 + 2.0 90.3 + 5.2

4.0 88.8 + 1.1 98.1 + 1.8 89.0 + 1.8 93.7 + 2.7

3-PB Acid

0.8 91.2 + 4.9 99.7 + 4.0 91.3 + 2.0 92.7 + 3.5

4.0 90.5 + 2.2 97.0 + 7.6 91.9 + 1.8 95.3 + 2.8

3-PB Alc

0.8 86.9 + 9.3 82.4 + 3.5 90.4 + 3.4 87.8 + 3.6

4.0 86.2 + 2.5 86.5 + 7.3 92.3 + 1.1 89.4 + 2.2

Determination of Deltamethrin and Its Metabolites 1887
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Table 5. Results of freeze/thaw stability study of deltamethrin, 3-PBA, and 3-PA in

plasma, amniotic fluid, placental and fetal tissues.

Peak area +SD

Deltamethrin 3-PB Acid 3-PB Alc

Maternal plasma

Day 1 61379.4 + 3838.6 127875.8 + 3696.0 86063.6 + 879.1

Day 2 65308.2 + 1193.4 126191.2 + 2151.9 85280.0 + 3022.2

Day 3 66736.4 + 1000.2 127522.2 + 1446.0 89690.4 + 798.4

Day 4 65268.6 + 1311.6 128783.6 + 3128.0 87767.4 + 2278.9

% RSD 3.6 0.8 2.2

Amniotic fluid

Day 1 73014 + 3069.3 133151.2 + 5556.1 77122.8 + 5509.0

Day 2 72379 + 1887.8 134009.6 + 2069.1 77954.0 + 1748.0

Day 3 77257.2 + 3777.4 143238.6 + 4273.6 89192.2 + 4800.3

Day 4 65212.4 + 5754.9 124664.6 + 8388.1 71173.6 + 6956.3

% RSD 6.9 5.7 9.5

Placental tissue

Day 1 47736.4 + 1754.9 101931.2 + 10525.5 55532.8 + 2030.3

Day 2 47875 + 1773.1 98165.2 + 4367.6 53838.4 + 2778.7

Day 3 46371 + 2587.4 96591.6 + 5480.9 49898.6 + 3769.2

Day 4 46997 + 902.9 97773.2 + 2358.3 52610.0 + 1310.5

% RSD 1.5 2.3 4.5

Fetal tissue

Day 1 50553.4 + 1059.5 100485.4 + 1934.2 55391.2 + 1755.7

Day 2 50398.6 + 1209.6 101309.6 + 1509.5 55259.6 + 1293.2

Day 3 48252.2 + 1187.9 99237.2 + 1794.6 50696.0 + 1837.1

Day 4 48606.2 + 1352.5 100510 + 2878.4 54442.8 + 2500.8

% RSD 2.4 0.9 4.1

Table 6. Percentage RSD of autosampler stability samples for deltame-

thrin, 3-PB Acid, and 3-PB Alc in rat maternal plasma, amniotic fluid,

placental and fetal tissues (n ¼ 6).

Deltamethrin 3-PB Acid 3-PB Alc

Maternal plasma 11.1 9.0 10.2

Amniotic fluid 4.7 7.4 8.4

Placental tissue 1.4 2.7 3.2

Fetal tissue 7.4 2.2 1.7
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CONCLUSIONS

A sensitive and efficient method for the extraction and analysis of delta-

methrin, its metabolites 3-PB Acid and 3-PB Alc, in pregnant rat maternal

plasma, amniotic fluid, fetal and placental tissues was developed and vali-

dated. This method yields high recoveries, shows good linearity, precision

and accuracy within the range of 0.1–5.0mg/mL for amniotic fluid, and

0.2–5.0mg/mL for the other biological matrices. This method will facilitate

toxicokinetic investigations of placental transport and disposition of

deltamethrin.
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