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ABSTRACT

In this present study, a simple, rapid, cheap, sensitive and reproducible HPTLC-MS Method has been developed for the identification
of two important bioactive compounds, Sanguinarine and Dihydrosanguinarine in Argemone mexicana Linn seeds. The work further
discussed and developed a sensitive HPTLC — MS method to analyse the adulteration and/or contamination of argemone oil in the
edible mustard oil by spiking Sanguinarine and Dihydrosanguinarine as biomarkers. The n-hexane: diethyl ether (1:1 v/v) solvent
system has been used as an extraction medium to extract the Sanguinarine and Dihydrosanguinarine from the seeds followed by
HPLC-MS detection.The CAMAG HPTLC system modules consisted with ATS-4, ADC-2, visualizer-2, TLC scanner-4; Derivatizer
and TLC-MS interface-2 have been used for sample application, HPTLC plate development, plate photo documentation, scanning of
plate, spraying of derivatization reagent and elution of biomarkers directly from HPTLC plate respectively. The n-hexane: acetone
(23:7, v/v) and dragendorfl’s reagent has been used as mobile phase and derivatization reagent respectively. The UV- spectra and MS
data confirmed the detection of selected biomarkers in the samples/spiked samples. Thus, the work highlights the use of HPTLC-MS
to develop simple and routine method for the sensitive detection of Sanguinarine and Dihydrosanguinarine in Argemone mexicana
seeds and able to become bases to these biomarkers’ evaluations in other samples such as various edible oils, agro-products, drugs
and biomedical products etc.
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INTRODUCTION

Oils is a product widely used for various preparation of food
products such as snacks, sweets, and homemade foods etc.,
thus Oils have a major role in various edible articles (Mishra
and Manchanda 2012; Cardenas et al. 2021). Food products
prepared in good quality standards have been associated with
several health benefits while if prepared by contaminated
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oil may lead to health issues like food poisoning and other
long-lasting diseases (Kaur et al. 2019; Almoselhy 2021).
Many times, the oils become contaminated or adulterated
with other oils and lead to change the quality of pure oil
(Li et al. 2021). Several reports have been published about
the adulteration of costly edible oils with cheap edible and/
or non-edible oils to gain huge profit margin that leads to
human poisoning/toxicity or major health issues related to
adulterated oils (Salah and Nofal 2021; Xia et al. 2021).

Thus, the proper quality testing of edible oils is the major
requirement of today's world. In this regards the adulteration



of mustard oil with argemone oil is a serious issue and
critical analytical problem (Gomber et al. 1994; Thatte
and Dahanukar 1999; Singh et al. 2000; Ghosh et al. 2005;
Xia et al. 2021). Argemone oil contamination in mustard
oil is one of the important issues, which are faced by oil
processing industries (Das and Khanna 1997; Babu et al.
2007). The source of this contamination and adulteration
is the seeds from the matured Argemone mexicana plant
(Bui 1974; Babu et al. 2007). Argemone mexicana Linn
(Mexican poppy, Papaveracea) is an annual weed which
grows at the side of agricultural fields and is found mostly
in Mexico and Florida of South America as well as in
Asian, African and Caribbean countries (Namkeleja et
al. 2014). The plant grows under warm temperatures and
found commonly on roadsides of Indian fields. Being a
medicinal plant, it is reported to have various medicinal
properties like antimicrobial, antimalarial, wound healing
and cytotoxic effects etc. (Osho and Adetunji 2010; Dash
and Murthy 2011; Priya and Rao 2012; Khan and Bhadauria
2019; Xia et al. 2021).

The plant shows the presence of fatty acids, alkaloids,
phenolics and other phytoconstituents (Apu et al.
2012). There are two types of alkaloids present namely
Sanguinarine and Dihydrosanguinarine that are proven toxic
to humans, by simple process of reduction and oxidation
both the alkaloids are interconvertible to each other (Sarkar
1948; Vrba et al. 2009; Absolinova et al. 2009). The seeds
of Argemone mexicana has similar physical appearance as
mustard oil seeds, thus after the maturation of the plant,
the light weight black colour seeds of Argemone mexicana
gets contaminated with mustard seeds and during the oil
processing, the oil forms argemone seeds have been mixed
with oil of mustard seeds. A clinical condition named as
Epidemic dropsy is caused due to consumption of mustard
oil adulterated with argemone oil; the alkaloid responsible
for this is sanguinarine and dihydrosanguinarine from the
seeds of Argemone mexicana Linn (Sanyal 1950; Sharma
etal. 1999; Xia et al. 2021). Various diseases related to the
sanguinarine and dihydrosanguinarine such as glaucoma,
epidemic dropsy and sometimes leads total blindness were
reported in FSSAI oils and global Fat manuals (Mahajan et
al. 2014; Srivastava 2015; Xia et al. 2021).

The earlier analytical methods for identification of
sanguinarine in argemone oil have been neither reliable nor
reproducible because many of the methods contain manual
processes and less proper software control associated with
instrumental methods. Paper chromatographic earlier
reports and/or previous HPLC methods have been facing
the lack of LOD detection as well as clean-up alongwith
need of high grade of solvents respectively (Hakim et al.
1961; Li et al. 2021). Thus, the present study is an attempt
to provide a HPTLC-MS method for this evaluation along
with the attributes of method simplicity, quickness, cost
effectiveness and solvent saving approach. The developed
methods are significantly useful in the evaluation of these
two bioactive alkaloids in the Argemone mexicana Linn
plant and able to target the adulteration issues associated
with the respective oils.

For chemicals and reagents, all the solvent used for analysis
was of analytical grade, solvent like methanol, n-hexane,
acetone of Merck (Brand). For the derivatization process
Dragendorff's reagent is prepared by using, Bismuth nitrate,
Potassium iodide. HPTLC Glass Silica Gel 60 F254,20x10
cm (Merck Catalogue No. 1.05642.0007). If no. of samples
and standards to be applied is less than 10, then use a 10
x 10 cm sized plate. Argemone mexicana plant seeds used
were directly collected from the fields of Saphale, Palghar
(19.577778°N 72.819167°E), edible Mustard oil and seeds
is procured from the local market of Mumbai, Maharashtra,
India. For standards and sample solutions in the present
study, standard sanguinarine and dihydrosanguinarine was
not used, instead of standards, argemone seeds were used
to isolate sanguinarine and dihydrosanguinarine and to
identify them in mustard oils. The two benzylisoquinoline
alkaloids isolated and identified from Argemone mexicana
seeds were used as a standard and their identity and purity
was confirmed by MS (Mass Spectrometer).

Working standard stock solution of Argemone mexicana
seed was prepared by taking 1gram of argemone seeds in
15 ml tarson tube, the seeds were crushed with glass rod
and extracted with 10 ml of 1:1 n-hexane: Diethyl ether. The
solution was shaken vigorously for 2-3 minutes; Sonicated
for 15 minutes, centrifuged at 1500rpm for 5 minutes, after
the centrifugation the clear supernatant is used for analysis.
This supernatant can be used as working standard. Working
standard stock solution was kept in standard volumetric
flask rapped with paraffin tape and stored at 8°C throughout
the analysis. The working standard was applied in an aliquot
of 0.5 ul, 1.0 ul, 2.0 ul, 3.0 ul and 4.0 ul on TLC plate with
CAMAG Automatic TLC applicator (ATS 4).

For spiking studies, the spiking of the working standard
was done on pure edible mustard oil samples. 2.0 pl of
working standard was spiked in each track of pure mustard
oil. Spiking on mustard oil was done on plate with CAMAG
ATS 4 (Automatic TLC sampler) by over-spotting the
working standard on the Mustard oil sample tracks.

For derivatization reagent to detect Alkaloids, derivatization
was performed with Dragendorft’s reagent. Dragondorft’s
reagent: Solution 1: Weigh 0.85 g of basic bismuth nitrate
in a glass bottle and add 40 ml of water and 10 ml glacial
acetic acid. Solution 2: Weigh 8gm of potassium lodide in
a glass bottle and dissolve in 30ml of water. Just before
dipping, 20ml of each solution was diluted with 80 ml
Acetic acid and 200 ml Water. During chromatography for
separation and isolation of the two important alkaloids,
CAMAG HPTLC modules from (Muttenz, Switzerland)
was used. The HPTLC modules consist of Automatic TLC
Applicator (ATS 4) equipped with a 25-ul syringe, CAMAG
ADC-2, TLC Scanner 4, operated by CAMAG server client
software vision CATS 3.0. HPTLC Silica gel 60 F254 (glass
plate), was from Merck.

For sample preparation, two types of mustard oil samples
were analysed, mustard oil directly from the market and
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other is oil extracted from mustard seeds. From Seeds:1
g of Mustard seeds was taken in a 15 ml Tarson tube,
the seeds were crushed with a glass rod, add 10 ml of
1:1 n-Hexane: Diethyl ether. The mixture was shaken
vigorously for 2-3minutes, then sonicated for 15 mins. After
this,it was centrifuged at 1500rpm for 5 min, and taken
for the supernatant to continue analysis. From Oil: 2 ml of
mustard oil was taken in 15 ml Tarson tube. Then 10 ml of
1:1 n-Hexane: Diethyl ether was added. The mixture was
shaken vigorously for 2-3 min and then sonicated for 15
mins. Finally, the solution was used for analysis.

For the chromatographic conditions at the time of application
of the working standard and samples, the HPTLC plates
were heated at 105 °C for 5 minutes on CAMAG plate heater
111, for activation of plate. For The application of standard
and sample CAMAG Automatic TLC Sampler (ATS 4) is
used. The working standard solution and sample solution
was applied in an aliquot of 0.5 pl, 1.0 nl, 2.0 ul, 3.0 ul and
4.0 pl. The spiking of mustard oils samples was done by
over spotting the working standard on edible oil bands on
plate. Application was done with dosage speed of methanol
(150 nl/s) in the form of 8mm bands. The separation was
done ina CAMAG ADC-2 automatic developing chamber.
The ADC-2 was pre-saturated for 20 minutes with 20
ml of Mobile Phase [n-hexane: acetone (23:7, v/v)] and
relative humidity was controlled at 33 % by using MgCI2.
6H20 (saturated salt solution). The plates were developed
up to solvent front of about 70mm from bottom edge.
The developed plate was dried automatically by ADC-2.
The developed plate was photo documented by CAMAG
Visualizer 2 under R White, R 254 nm and R 366 nm.

For scanning, CAMAG scanner 4 scanned the developed
plate. The plates were scanned at multiple wavelengths
(254 nm, 366nm and 480 nm) by using single wavelength
and multiple wavelengths in scanner type. Optimization
was done for light sensitivity The scanning was done under
measurement mode (Absorbance/Fluorescence) mode by
using a D2 Lamp for 254 nm Hg lamp for 366 nm and W
lamp for 480 nm. The filter used was K 400 and the slit
dimensionselected was 6.0 mm x 0.45 mm micro. The
Scanning was performed with the scanning speed of 20
mm/s and data resolution of 25um/step. The scanning of
the tracks was done from 4.9mm from bottom of the plate
and up to 73.1mm.

For the spectrum analysis, the plates were scanned
under scanner type (Spectrum), optimization was done
for resolution and the measurement mode selected to
absorbance. Scanning was done from 190 to 700 nm to get
the UV visible spectra of the two alkaloids at Rf: - 0.20 mm
and 0.42 mm. After the spectrum analysis, the well separated
bands at Rf:-0.20 mm of sanguinarine and Rf:-0.42 mm of
dihydrosanguinarine was marked with pencil under visible
light. The marked bands were eluted with the help of TLC-
MS interface 2 and analysed by using Acuity QDA 3 mass
spectrometer (waters, USA) in chemical ionization mode
for TIC /MS Scan/Positive (+) scan.

An HPTLC-MS Method has been developed for simple and
rapid isolation of two toxic alkaloids namely sanguinarine
and dihydrosanguinarine from argemone seeds. The method
can be used to detect the contamination or adulteration of
argemone oil in mustard oil.

Figure 1: The seeds of Argemone mexicana and Brassica (A)
and the structure of two biomarkers; Sanguinarine (B) and
Dihydrosanguinarine (C) respectively.

Argemone mexicana seeds Mustard ( Brassica)seeds

A

Sanguinarine Dihydrosanguinarine

The Mobile phase used was n-hexane: Acetone in the
ratio of 23:7 v/v. The mobile phase provides very good
separation between sanguinarine and dihydrosanguinarine
with reduced matrices from argemone oil and mustard oil
extracts. This method was very specific to these two QBA’s
Sanguinarine and Dihydrosanguinarine; alkaloids other than
these two do not interfere and are not detected by this mobile
phase. As per FSSAI regulations it is claimed on every
pouch or container of mustard oil “Free from Argemone
0il”” therefore the mustard oil should be free from argemone
oil. The Method is very simple and fast, as it requires
simple steps and less time for the extraction process. The
process consists of crushing the seeds, sonicating it for 15
minutes and centrifuge for 5 minutes and collection of the
clear supernatant for the analysis. For this simple process,
the time required is 30 minutes. Procedures reported in
previous research papers include tedious procedures for
sample preparation.

The two alkaloids sanguinarine and dihydrosanguinarine
at Rf: 0.20 mm and 0.40 mm was active in short and long
UV and also in the visible light. The best response of the
two alkaloids was in R 366 nm image, which is shown in
the Fig-2 (B). The developed plate was scanned at various
wavelength such as R 254 nm, R 366 nm and 480 nm and
the corresponding 3D Densitogram and the peak data is
shown in Fig 3 as (A), (B) and (C) and the alkaloids also
show their presence under white (Orange colours bands)
when they were treated with dragondorffs reagent. After
the photo documentation the UV spectra for both bands at
Rf: 0.20 mm and Rf:0.42 mm was recorded. The developed
plate was further used for HPTLC-MS analysis, the bands
at Rf:0.20 mm and Rf: 0.42 mm were marked with pencil
and the elution of both the analytes were done by TLC-MS
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interface 2, mass dat is shown in the Fig 4 as (A) and (B)
(Almoselhy 2021).

After the extraction of oils from Argemone mexicana seeds,
the identification of sanguinarine and dihydrosanguinarine
from argemone oil has been done by checking the maximum
Rf value, spectrum data, A max values followed by the
m/z ratios of both alkaloids by TLC-MS interface 2. After
confirming the two alkaloids with the above steps, argemone
oil was spiked in mustard oil sample by over spotting with
CAMAG ATS 4 applicator. When the developed method
was used for the identification of the two alkaloids in the
spiked sample, both the alkaloids were identified in the
spiked samples without any interference from mustard
oil. Thus, this method was suitable for checking the
contamination or adulteration of mustard oil by argemone
oil. The developed method gives reproducible results
(Cérdenas et al. 2021).

Figure 2: Developed plate under various electromagnetic
radiation zones. Where, A - Developed plate image in R
254nm, shows the separation of Dihydrosanguinarine
(Rf: 0.42) and Sanguinarine (Rf: 0.20) from argemone
oil, argemone oil spiked to edible mustard oil. B -
Developed plate image in R 366nm, shows the separation
of Dihydrosanguinarine (Rf: 0.42) and Sanguinarine (Rf:
0.20) from argemone oil, argemone oil spiked to edible
mustard oil. In R366 nm, both the alkaloids Sanguinarine
and Dihydrosanguinarine can be easily detected with
intense yellow colour fluorescence bands, the upper band
of higher intensity is of Dihdrosanguinarine and lower band
is Sanguinarine. C -. Developed plate image in R White,
tracks 1-5; TLC separation of (i)Sanguinarine (Rf:0.20)
and (ii) Dihydrosanguinarine (Rf:0.42) from argemone
oil. Track 6- 9 Unspiked mustard oil sample. Tracks 10-12
spiked mustard oil sample. D - Derivatized plate image in
R White after derivatization with dragondorff’s reagent.
Both the alkaloids give reddish orange colour bands after
derivatizing it with dragondorff’s reagent. Sanguinarine at
(Rf: 0.20) and Dihydrosanguinarine (Rf:0.42).

A - Developed plate under UV - 254 nm B - Developed plate under UV - 366 nm

C - Developed plate under White light 540nm
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Figure 3: 3D — Densitogram profiles and their respective
data table images including no. of peaks, Rf max, Height and
area of the peaks and their relative percentage profiles. Here,
tracks 1-5; TLC separation of (i) Sanguinarine (Rf:0.20)
and (ii) DihydroSanguinarine (Rf:0.42) from argemone
oil. Track 6- 9 Unspiked mustard oil sample. Tracks 10-12
spiked mustard oil sample. Where, A — Densitogram profile
at UV — 254 nm, B — Densitogram profile at 430 nm, C —
Densitogram profile at UV — 366 nm.
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Figure. 4: UV- spectra and correspondent MS- spectra of
Sanguinarine (A) and Dihydrosanguinarine (B) respectively.
A - In situ UV spectra of Sanguinarine in argemone oil
showing the A max at 194 nm, 281nm and 332 nm along
with the peak at 332 m/z in mass spectra. B - In situ UV
spectra of Dihydrosanguinarine in argemone oil after UV
irradiation (366 nm, for 15 min). Showing the A max at 240
nm, 281 nm and 325 nm alongwith the peak at 334 m/z in
mass spectra.

A B
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The identification of Sanguinarine in mustard oil samples
was further confirmed by comparing the in-situ UV
spectra of Sanguinarine from argemone oil and spectra
of Sanguinarine in spiked mustard oil. The Mass spectral
analysis of bands corresponding to Sanguinarine (Rf:
0.20) and Dihydrosanguinarine (Rf: 0.42) after exposure
to UV-radiation was done with the help of TLC-MS
interface 2. The bands were marked with pencil under UV
254nm light and the analytes are eluted from the plate to
Mass Spectrophotometer. The base peak (m/z 332 and m/z
334) shown for Sanguinarine and Dihydrosanguinarine
(Cérdenas et al. 2021).

CONCLUSION

The findings of the present study suggest that the HPTLC-
MS method has been developed to isolate and identify the
alkaloids namely Sanguinarine and Dihydrosanguinarine
from Argemone mexicana seeds. By using this method,
Sanguinarine and Dihydrosanguinarine, which is well
separated without any interference from oil matrices, can
be used as specific markers to detect the adulteration or
contamination of mustard oil with argemone seed oil. This
method found to be cheap, very simple to use and less
time consuming, when compared with earlier reported
methods that are having complex sample preparation
and reproducibility issues. This method found to be
useful to screen multiple numbers of mustard oil samples
simultaneously thus significantly potent in industries in
the screening of samples on large scale and industries
dealing with mustard oil related products as well as
applicable in forensic labs for argemone oil poisoning case
investigations.
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