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INTRODUCTION

Background: Chlorantraniliprole is widely used as a pesticide. It is only soluble in
dimethyl formamide. However, most of the reported methods used acetonitrile
and other solvents.

Aim: To develop rapid, accurate, precise, and sensitive HPLC method for chloran-
traniliprole.

Materials and methods: 10 uG/mL of chlorantraniliprole containing solution was
injected into the HPLC system and run in different solvent systems. 10 uG/mL solu-
tions of chlorantraniprole was injected in a column with 20 pL microsyringe. The
chromatogram was run for appropriate minutes with mobile phase water. The flow
rate was set to T mL/min and detection was carried out at wavelength 270 nm.
The method is validated by measuring the limit of quantitation, limit of detec-
tion, repeatability, intraday precision, inter-day precision, and accuracy. Analysis
of marketed formulation, bringle, and tomato for chlorantraniprole content was
also made for the developed analytical method.

Results: There was linearity of chlorantraniliprole for calibration curve in between
1 and 5 uG/mL concentration. The perfect sharp peak observed in water at a re-
tention time of 6.28 min. The limit of detection and the limit of quantitation were
0.0050 pG/mL and 0.0152 uG/mL, respectively. The study reported 99.55% repeat-
ability, 99.49% intraday precision, 99.65% interday precision, and 99.27% accu-
racy.

Conclusion: The rapid, accurate, precise, and sensitive HPLC method for the de-
tection of chlorantraniliprole using dimethyl formamide was developed.

counterfeit pesticides, insecticides, insect growth

Pesticide can be defined as a substance or a mixture
of compounds intended for destroying, preventing,
or controlling any pest, including human or ani-
mal disease, or insect attack on plants or animals,
causing harm during production, related processing,
storage of that, transportation of food, or marketing
of any food, or substances and related agricultural
commodities, or animal feedstuffs, that may be
administered to animals for the control of insects
or other pests in their bodies. The term includes
substances intended for use as a plant growth pro-
moting agent for retreating fruit and vegetables or
stopping the premature reduction of produce. Also
used as elements applied to crops either before or
after harvest to protect the commodity from deteriora-
tion during packing and transference.!> Algaecides,
antimicrobials, bio pesticides, desiccants, defoliants,
disinfectants, fungicides, herbicides, illegal and

regulators, minimum risk pesticides, miticides,
molluscicides, plant growth regulators, ovicides,
pheromones, natural and biological pesticides, ro-
denticides, repellents, wood preservatives are used
as pesticides.’

Chemically, chlorantraniliprole (CNL) is
5-Bromo-2-(3-chloro-2-pyridine-2-yl)-2H-pyrazole-
3-carboxylic acid (4-chloro-2-methyl-phenyl)-amide.
It has a molecular formula of C,H, ,N,O,BrCl,, the
molecular weight of 483.14606 g/mol. The melting
point range is 200-210°C, pKa is 10.88 + 0.71. It
is soluble in a solvent like hexane, chloroform,
ethyl acetate, methanol, acetone, acetonitrile, and
water but practically, it is only soluble in dimethyl
formamide (DMF).*>

CNL is widely used as a pesticide on vegetables,
fruits and major crop for larval control. Its exces-
sive use on vegetables and fruits produces a very
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toxic effect on children and also on adults. Major
toxic effect reported are aberration and polyploidy.

One study conducted field trial on cabbage and
cauliflower for the study of residues of CNL and
suggested that the washing samples with tap wa-
ter removed 17-40% of the CNL while by boiling
samples it removed 100% of CNL residues.®

A number of studies reported on the detection
of CNL by HPLC and UV analytical methods.
It is only soluble in DMF as per theoretical and
practical solubility data. But most of the reported
method used acetonitrile and another solvent except
DMF. So it was an interesting point to focus on
the solubility of it for method development and
discover the suitable sample preparation condition.

Proposed method for increasing solubility of
chlorantraniliprole is dissolved it in one or com-
bination of solvent(s) like methanol, ethyl acetate,
DMF with or without sonication.

AIM

To develop rapid, accurate, precise, and sensitive
HPLC method for chlorantraniliprole.

MATERIALS AND METHODS

MATERIALS

CNL was procured as gift sample from Dupont,
Mumbai, India. Methanol, acetonitrile, DMF was
purchased from Merck laboratories, India.

METHODS

Sample of CNL was subjected to measure melting
point by melting point apparatus (Remi equipment,
Mumbai, India) and FTIR scan by Infra 3000A
FTIR Shimadzu, Japan’ in the scanning range of
400-4000 cm™' and resolution 1 cm™.

MOBILE PHASE SELECTION

10 uG/mL of CNL containing solution was injected
into the HPLC system (1600 EX, Cyber Lab, India,
Column: Inertsil C18, 4.6 mm I.D. x 250 mm, 5
um, Injector: Rheodyne 7725i, Pump: EX 1600
HP, UV deuterium, detector) and run in different
solvent systems.?

PREPARATION OF MOBILE PHASE

HPLC grade water was filtered through 0.45 um,
47 mm membrane filter paper then ultrasonicated
for 20 minutes on ultrasonicator (Ultrasonic bath,
1.6 L, Remi equipment, Mumbai, India).

CHROMATOGRAPHIC SEPARATION

10 puG/mL solutions of CNL were injected in a

column with 20 puL microsyringe. The chromato-
gram was run for appropriate minutes with mobile
phase water. The flow rate was set to 1 mL/min.
and detection was carried out at wavelength 270 nm
(LT-2900, UV-Visible Spectrophotometer, Labtron-
ics (I) Pvt. Ltd, Ambala, India). The chromatogram
was stopped after peak achieved completely. Data
related to peak like area, height, retention time,
resolution etc. were recorded using software.

CALIBRATION CURVE

The calibration curves was derived for concentration
against area under the curve. The Limit of Detection
(LOD) and Limit of Quantification (LOQ) values
were determined as per ICH guideline.’

VALIDATION OF METHOD
LINEARITY

CNL solution having concentration range having 1,
2,3,4,5 uG/mL, and 20 pL of the concentration of
drug was injected into the HPLC system two times
separately and chromatography under the conditions
was performed as described above. Chromatogram
of the drugs was performed with UV detector (Dual
Silicon Photodiode) at 270 nm. Peak areas were
recorded. Standard calibration curves for CNL were
plotted separately with concentration against the
respective peak area.

PRrEcISION

REPEATABILITY

Standard solution containing CNL (3 uG/mL) was
injected six times and area of peak was measured
and % RSD was calculated.

INTRA-DAY PRECISION

A standard solution containing CNL (3 uG/mL) was
analyzed six times on the same day and % relative
standard deviation (% RSD) was calculated.

INTER-DAY PRECISION

A standard solution containing CNL (3 pG/mL) was
analyzed six times on different days and % RSD
was calculated.

Limit oF DETECTION (LOD) AND LIMIT OF QUANTITA-

TioN (LOQ)

Calibration curve was repeated six times and the
standard deviation of the intercepts was calculated.
Then LOD and LOQ were calculated as per equa-
tion 1 and 2.
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LOD =33 x 5D (1

slope of calibration curve

LOQ =10 x 5D 2)

slope of calibration curve

Where SD = Standard Deviation of intercepts of
calibration curves.

ACCURACY

Recovery studies were carried out by applying the
method to drug sample present in pesticide formula-
tion to which known amount of CNL corresponding
to 80%, 100%, and 120% of label claim was added
(standard addition method). In 80% recovery study,
148 mg of CNL was added. In 100% recovery study,
185 mg of CNL added. In 120% recovery study,
222 mg of CNL was added. After the addition of
the standards, 3 uG/mL concentrated solutions were
prepared. The solutions were analyzed by the RP—
HPLC method. At each level, six determinations
were performed.

ROBUSTNESS

The evaluation of robustness should be considered
during the development phase and depends upon
the type of procedure under study. Robustness was
performed by a small variation in the chromato-
graphic conditions. The solution containing 10 pG/
mL of CNL was injected into sample injector of
HPLC three times.

ANALYSIS OF MARKETED FORMULATION

A quantity of pesticide equivalent to 185 mg of CNL
accurately weighed (BL-220H, Shimadzu, Japan) and
dissolved in 2 mL of DMF. The volume was made
up to 100 mL with methanol and filtered through
Whatman filter. The above solution sonicated for
10 minutes and diluted serially with methanol. The
final solution obtained had a concentration of 3 nG/
mL of CNL. This solution was analyzed using the
developed method.

STABILITY STUDY OF DRUG

For photometric degradation, 1 g drug was put into
UV light chamber on the wavelength of 250-400
nm and for oven degradation, 1 g drug was put
into the oven at 50°C temperature.

From that 100 mg of the sample taken after a
specific interval of time 1, 3 and 5 h respectively.
The collected sample was added into 10 mL volu-
metric flask and drug dissolved with 2 mL DMF and

HPLC Analytical Method for Chlorantraniliprole

further volume make up to 10 mL with methanol
and serial dilution did respectively to get 3 uG/
mL concentrated solution of CNL. The sample was
injected for a chromatographic run at 270 nm for
10 min.

SAMPLING

A total of 3 samples of various vegetables i.e.
bringle and tomato were commercially purchased
from the locally marketed vegetables of Rajkot,
India and some were collected from near villages of
Saurashtra region, Gujarat, India, during December
2015 to March 2016 and served as blank or spiked
samples. All samples were extracted fresh. The unit
was generally 250 g.

EXTRACTION OF SAMPLES

All samples were extracted fresh. Each vegetable
chopped into small pieces and macerate blender to
make a fine paste. g of the paste was completely
dry by placing into poetry plate in the oven (Yorko,
USA) at 50°C temperature. The Dried paste was
extracted with 10 mL DMF by sonicating sample
for 10 min. and filter the extract through 0.45 pum
membrane filter paper. From the above solution,
1 mL was taken and diluted up to 10 mL with
methanol in a volumetric flask.

ANALYSIS OF EXTRACTION

All extracted samples were analyzed using RP—HPLC
with UV detector at 270 nm wavelength.

RESULTS

A sample of CNL had observed the melting point
of 202°C. The sample had FTIR peaks at 3257 cm’!
(for N-H), 1635 cm!' (for C=0), 636 cm™' (for
C-Cl), and 561 cm! (for C-Br; Fig 1). Methanol
is the best initial choice of organic solvent for the
mobile phase. Acetonitrile—methanol mixture also
has lower viscosity resulting in a somewhat higher
number of plates and lower column back pressure
than methanol-water (Fig. 2A). Chromatograms
of CNL sample and marketed formulation in DML
were showed in Fig. 2 B and C. The perfect sharp
peak observed at a retention time of 6.28 min. The
calibration curve (Fig. 3) showed linearity in the
range of 1-5 pG/mL.

Statistical Validation for repeatability studies of
CNL was reported as 99.55% mean, 0.688% standard
deviation, 0.691% RSD, and 0.281 standard error.
Statistical Validation for Intra-day Precision of CNL
was reported as 99.49% mean, 0.616% standard
deviation, 0.619% RSD, and 0.251 standard error.
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Statistical Validation for Inter-day Precision of
CNL was reported as 99.65% mean, 0.462% standard
deviation, 0.463% RSD, and 0.188 standard error
(table 1). LOD and LOQ of CNL were reported as
0.0050 pG/mL and 0.0152 uG/mL.

Results of accuracy/recovery, robustness, analysis
of marketed formulation by the developed method,
stability studies, and detection of CNL residue in
vegetables are presented in Tables 2, 3, 4, 5, and
6, respectively.

DISCUSSION

CNL sample had melting point range of 200-210°C.
The test of melting point and FTIR confirmed the
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Figure 1. FTIR spectra of chlorantraniliprole.

purity of the sample.

It was found that methanol and water give satis-
factory results as compared to other mobile phases.
This mobile phase system was tried with different
proportions and using different flow rates. Finally,
the optimal composition water was taken as the
mobile phase.

Method development was started with 100%
methanol but the peak of the CNL was found poor.
Then the mobile phase was adjusted by mixing
acetonitrile with methanol in the ratio of 20:80. But
the peak of CNL was found poor. To optimize the
better peak, again phosphate buffer with pH 2.75
and water was tried. And finally, water was selected
as mobile phase with a flow rate of 1 mL/min.

In previously developed LC-UV analytical
method for determination of CNL, residues of CNL
was extracted with acetonitrile and raw extracts
were cleaned up with the same solvent. The LOD
and the LOQ were 200 pG and <0.01 mg kg'!.!
In availed developed HPLC-MS/MS analytical
method for determining CNL, acetonitrile was used
to extract CNL residues. The mixture was homog-
enized with some magnesium sulfate and sodium
chloride at high speed. Centrifugation was done
and the upper layer was collected and analyzed
directly after serial dilution. LOQ was 0.01 mg/
kg respectively.!! In previously developed liquid

& &8 & 8 & 8 8&

]
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000380036&340032&300028002600240022&20001@01800170016(!)150014@1300120011MIONWO 800 700 600 500 400

Figure 2. Chromatogram A: Development of mobile phase. Concentration: 10 pG/ml, Mobile Phase: water, flow
rate, ImL/min; B: Chromatogram for chlorantraniliprole; C: Chromatogram of marketed formulation.
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P ek o C e s e e e e o= -4

Figure 3. Calibration curve of chlorantraniliprole. 0.9916 correlation coefficient (R2), 0.03 slope, and 20636

Y—intercept.

Table 1. Results of repeatability, Intra—day precision

Table 2. Data of accuracy / recovery

4

[<5)

N 0 oy _

g S. Area %0 Chlorantranilip

s No. role found

£
1 35895.09 99.33

.2 35946.30 99.66

;; 3 35741.48 98.33

S 4 35997.50 100.00

(0]

Mg 36048.71 100.30
6 35946.30 99.66
1 36048.71 100.30

o

g 2 35843.89 99.00

Q

£ 3 35792.68 98.66

g 4 35946.30 99.66

|

g 5 35895.09 99.33
6 35997.50 100.00
1 35895.09 99.33

o

2 2 36048.71 100.3

Q

E 3 35843.89 99.00

g 4 35946.30 99.66

g s 35997.50 100.0
6 35946.30 99.66

n = 6; Label Claim was 3 pG/mL for all observations.

chromatographic analytical method for determining
CNL, the CNL residue was extracted with methanol,
then extracted with dichloromethane, and determined
by HPLC-DAD. LOD was found to be 1.0x107 g
and the lowest concentrations detected in soil and
tomato were 0.005 mg/kg.!> An additional LC/MS/
MS for the analysis of residues of CNL in diverse

£ 3
‘% ;\? Amount Amount S
£~ Spiked Area Recov- o)
g 2 (nG/ ered (nG/ :
g4 mL). mL) 2
o =2
80 148 35792.68 2.96 98.66
80 148 35741.48 2.95 98.33
80 148 35843.89 2.97 99.00
100 185 35997.50 3.00 100.0
100 185 35792.68 2.96 98.66
100 222 35946.30 2.99 99.66
120 222 35895.09 2.98 99.33
120 222 35946.30 2.99 99.66
120 222 35997.50 3.00 100.0

Statistical Validation for recovery studies:

At 80% recovery 98.66% mean, 0.335% SD, 0.339% RSD,
and 0.193 standard error,

At 100% recovery 99.44% mean, 0.696% SD, 0.699%
RSD, and 0.402 SE,

At 120% recovery 99.66% mean, 0.335% SD, 0.336%
RSD, and 0.193 SE.

SD: standard deviation, RSD: relativestandard deviation,
SE: standard error.

Amount Present in all formulation were 185 uG/mL
Concentration of all solution was 3 uG/mL.

crops including citrus (fruit and juice) by liquid
chromatography with mass selective detection us-
ing a triple quadrupole mass spectrometer (LC/MS/
MS). In this technique CNL was extracted from the
samples in two stages: first by soaking the samples
in water for 20 minutes, followed by the addition
of acetonitrile. The first extract was decanted and

Folia Medical 2018 1Vol. 60 | No. 1
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Table 3. Data of robustness

Change in Flow Rate

Flow Rate ) Retention Recovery
(mL/min) 2 Time (min.) (%)
0.9 -1 6.36 99.00
1 0 6.27 100.0
1.1 +1 6.15 98.99

Robustness was performed with £1% variation in the vol-
ume and £0.1 mL/min in the flow rate of the mobile phase.

Table 5. Stability studies

= E ! =

g 4 % . 2.5 2

< N ® o~
$ s fz & =38 38
B »n = g sz 5

D =} £ -~ 51

a Cz < a

o 1 1 35639.07 0.07 2.30
S

2 2 3 34307.74 0.33 11.0
o

g

£ 3 5 31337.85 0.91 30.3
Lo 1o 35536.66 0.02 0.66
§ 23 33642.07 0.05 1.66
=

= 3 5 31389.05 0.07 2.33

*QOven Degradation
Concentration of chlorantraniliprole in all sample was 3
uG/mL

further acetonitrile was added for a second extrac-
tion. The two extracts were combined. An aliquot
was taken, evaporated to dryness and re-dissolved
in acetonitrile and water. The resulting solution was
filtered by using a 0.22-um filter. Quantification
was performed through LC-MS/MS. Recoveries
for samples of citrus fruit and juice fortified at
0.01-0.1 mg/kg were acceptable.!® Standardized and
validated analytical method for estimation of CNL
residues present in different vegetables. Extraction
was done with ethyl acetate and then reconstituted

Table 4. Analysis of marketed formulation by
developed method

Amount

% Area Recovered Rez;zf)e ry

n (nG/mL)

1 35997.50 3.00 100.0

2 35895.09 2.98 99.33

3 35741.48 2.95 98.33

4 35895.09 2.98 99.33

5 35946.30 2.99 99.66
35843.89 2.97 99.00

Statistical Validation of marketed formulation (SC 20) was
reported as 99.27% mean recovery, 0.574% SD, 0.578%
RSD, and 0.234 SE

SD: standard deviation, RSD: relative standard deviation,
SE: standard error.

Amount of chlorantraniliprole present in all formulation
was 3 pnG/mL

Table 6. Detection of chlorantraniliprole residue
from vegetables

. Amount of
= Name of chlorantra-
) Area o
& vegetables. niliprole
found (nG)
1 23503.48 0.56
2 Bringle 24476.38 0.75
3 24220.35 0.70
4 20646.24 0.76
5 Tomato 20641.12 0.58
6 20651.36 0.68

with HPLC grade acetonitrile. Estimation was done
using HPLC—PDA detector system, C18 column, and
results were confirmed by a liquid chromatograph
mass spectrometer (LCMS/MS), and high—perfor-
mance thin layer chromatography (HPTLC). Aceto-
nitrile: water (80:20, v/v) of HPLC grade was used
as mobile phase, flow rate 0.4 mL/min. Retention
time was 9.82 min. The limit of quantification of
this method was 0.10 mg/kg.'* A novel developed
an analytical method for residue analysis of CNL
and its dissipation in grape. Ethyl acetate used for
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extraction of pesticide and the extract was cleaned
up with QuUEChERS (Quick, Easy, Cheap, Effec-
tive, Rugged and Safe) method and determined by
HPLC-PAD technique. The LOD and LOQ were
foundtobe 0.02 and 0.06 mg kg™!, respectively.!> A
developed analytical method for detection of CNL
in brown rice, paddy water, rice straw, and soil,
the residues of CNL pesticide was extracted with
acetonitrile and determined by HPLC-ESI-MS/MS.
LODs were 0.012 uG/L for paddy water, 0.15 nG/kg
for soil, brown rice and rice straw.!® In the present
study residues of CNL was extracted with DMF.
Detection and quantification of CNL were performed
by HPLC. LOD and LOQ were 0.0050 pG/mL and
0.0152 pG/mL.

CONCLUSION

The present study developed a rapid, accurate,
precise, and sensitive HPLC method for the detec-
tion of chlorantraniliprole pesticide residue in the
vegetables using dimethyl formamide. The method
was validated by means of LOD, LOQ, % repeat-
ability, % intraday precision, % interday precision,
and percentage accuracy.
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KnioueBble cnioBa: XJIopaHTpa-
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60TKa MeTofa

O6pasew LUTNPOBAHUA:
Kapupara PP, Sorathiya V, Patel
RP, Shah KV. Development and
validation of HPLC. Analytical
method for chlorantraniliprole in
bulk and in the formulation. Folia
Med (Plovdiv) 2018;60(1):133-40.

doi: 10.1515/folmed-2017-0071

BBepeHue: MprMeHeHNe XJIOPaHTPAHUNNMNPOSIA B KayecTBe NecTuumnga LWNMpoKo
pacnpocTpaHeHo. Ero pacTBopeHmne BO3MOXHO eANHCTBEHHO NPU NOMOLLY JUMe-
Tundopmamuga. HesaBncrMmo ot 3Toro, B 60NbLIVHCTBE U3BECTHBIX METOAOB UC-
NoMb3yOTCA aLeTOHUTPUI 1 APYriie PacTBOPUTENN.

Lenb: Llenbio HacTosALlero nccnefqoBaHna ABnsetcs pas3paboTka ObICTPOro, Ha-
AEXHOro, TOYHOro 1 yyBcTBUTENbHOrO HPLC MeToaa Ans o6Hapy»KeHusA XnopaH-
TpaHuunpona.

Martepuanbl n metogbl: 10 pG/mL xnopaHTpaHUAUNPONa, codepaluxca B
pacTBOpe, 6bIM MHbeKTUpoBaHbl B HPLC crctemy u BBefleHbl B pa3fivyHble pac-
TBOpUTESibHble cucTeMbl. 10UG/mL pacTBOPbI XJIOPaHTPAHMANMOSA ObUI NHBEK-
TMPOBaHbI B KOMIOHKY Npu nomowy 20 uL myukpolnpuua. Xpomatorpammy npoBo-
AVNN B TeUeHUe TpebyeMbix MHYT C BOJOW B NOABUXKHOW ¢a3e. MoToK BoAbl Obi1
HacTpoeH Ha 1 Mia/MuH. VI3mepeHne ocyLecTBUIOCh NpU AnnHe BOAHbI 270 nm.
MeTopg 6bin BanvanpoBaH Mo CieaylwyM napaMmeTpam: U3MepeHue npeaena Ko-
NIMYECTBEHHOIO onpefenieHns, npefaen oOHapyXeHUs!, MTOBTOPSEMOCTb, MPeLn3u-
OHHOCTb B paMKax AiHsl, BOCMPOV3BOAUMOCTb B PaMKax J1abopaTopun 1 TOYHOCTb.
Bbi1 npoBeféH 1 aHanM3 nNpepanaraembix Ha pbiHKe dopmyn, 6aknaxaHa 1 nomu-
Jopa Ha cofepaHune XJI0paHTPaHWINNPOSa C Liefbio YCOBEPLLUEHCTBOBAaHUA aHa-
NINTNYECKOro MeToAa.

PesynTtat: YcTaHOBNEHa NIMHENHOCTb XJIOPAHTPaHMANPOona AN KannbpoBoUHoOM
KpuBOW B KOHUeHTpauum mexay 1 n 5 uG/mL. MpeanbHblil ocTpblii NMK Habntio-
[laeTcs B Bofe MNpuv BpemMeHu yepKusaHusa 6,28 munytu. NMpegen obHapy»keHus
1 npegen KonmyectseHHoro onpegenexHna: 0.0050 uyG/mL mn 0.0152 pg/mL. Uc-
cnepoBaHue yctaHoBwuio 99.55% nostopsemocTtn, 99.49% npeunsnoHHOCTN B
pamMKax aHsa, 99.65% BOCNPOU3BOAUMOCTY B pamKax fnabopaTtopun n 99.27% tou-
HOCTMW.

3aknioueHume: bbin pa3paboTaH ObICTPbINA, HAAEXKHDIN, TOUHbIN U YYBCTBUTENbHbIN
HPLC meTog ana obHapyeHMA xJopaHTpaHUAUNpoia npu nomowmn ANMeTUN-
dopmamuga.
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