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ENVIRONMENTAL

ChloroFiltr®: A Novel Sorbent for Chlorophyll Removal
Using QuEChERS
 UCT, LLC

Spinach and other highly pigmented vegetables contain 
chlorophylls, carotenoids, xanthophylls, and anthocyanins. 
Chlorophylls have the greatest adverse effect on gas 
chromatography systems due to their non-volatile 
characteristics. This QuEChERS procedure uses ChloroFiltr 
to significantly reduce chlorophylls without sacrificing the 
recoveries of planar pesticides.

Procedure

1. QuEChERS Extraction
 a) Homogenize 500 g of spinach in a food processor  
 for 1–2 min
 b) Weigh 10 grams of homogenized spinach sample into  
 50 mL centrifuge tube
 c) Spike with 100 μL of 50 ppm triphenyl phosphate* as  
 internal standard (IS)
 d) Add 10 mL of acetonitrile then shake for 1 min
 e) Add contents of Mylar pouch ECQUUS2-MP then  
 shake vigorously for 1 min
 f) Centrifuge at 5,000 rpm for 5 min
 g) Supernatant is ready for clean-up

*50 ppm TPP solution: Mix 50 μL of 5000 ppm TPP solution with 
4.95 mL of MeCN

2. dSPE Clean-up
 a) Transfer 1 mL of the extract to the 2 mL   
 CUMPSGGC182CT (ChloroFiltr)dSPE micro centrifuge tube
 b) Shake for 30 s
 c) Centrifuge at 3,000 rpm for 5 min
 d) Transfer 0.4 mL of the supernatant to a 2 mL 
 autosampler vial 
 e) Sample isready for LC–MS/MS analysis

UCT, LLC
2731 Bartram Rd., Bristol, PA 19007

Tel. (800) 385-3153
www.unitedchem.com

Table I: Comparison of Pesticide Recoveries and RSDs Obtained by dSPE Clean-up of Spinach Sample using ChloroFiltr and  
GCB (n=4)

Pesticide

ChloroFiltr GCB (7.5 mg)

Recovery % RSD % Recovery % RSD %

Carbendazim 87.1 1.0 71.2 4.0

Thiabendazole 93.2 1.9 55.9 2.6

Pyrimethanil 97.3 1.2 85.0 1.2

Cyprodinil 91.2 0.5 79.3 3.1

Diazinon 104.5 2.3 100.0 0.6

Pyrazophos 92.0 0.9 92.7 1.6

Chlorpyrifos 95.6 2.5 96.3 2.1

http://www.unitedchem.com
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In order to evaluate and test the robustness of cannabinoid 
analysis using the miniLC, a method was chosen from the literature 
and compared to data from the miniLC system. Comparison of 
retention time of standards to published values indicates the 
miniLC provides an excellent alternative with comparable results 
to a more expensive, complicated liquid chromatography system.

With growth in the food, health, and personal care market, understanding 
the presence and relative amounts of cannabinoids in a variety of 
samples is becoming increasingly important. Making this analysis 
accessible to a wide variety of testing laboratories and manufacturers 
will serve to enhance reliability, access, and the relative amount of 
information available. Herein is described a simple first step toward 
making cannabinoid analysis available for everyone.

Materials and Methods
A Lucidity miniLC LC-UV with Restek Ultra C18 column (150 mm ×  
4.6 mm × 5 µm) was used for characterization of the cannabinoid mix-
ture with the following method parameters:
• Column Temp: 40 °C
• Flow Rate: 2.0 mL/min
• Injection Volume: 10 µL
• Wavelength: 230 nm

• Mobile Phase A: Water + 0.1% Formic Acid + 5 mM Ammonium 
Formate

• Mobile Phase B: Acetonitrile
• Isocratic Conditions 70% B

A mixture of 14 cannabinoids was made, using 14 individual Cerilliant 
cannabinoid standards, obtained from Millipore Sigma. Each of 
the standards was 1.0 mg/mL of compound in either methanol or 
acetonitrile, as outlined below. These standards were:
1. CBDV-A: C-152-1ML, in MeCN
2. CBDV: C-140-1ML, in MeOH
3. CBD-A: C-144-1ML, in MeCN
4. CBG-A: C-142, in MeCN
5. CBG: C-141-1ML, in MeOH
6. THCV: T-094, in MeOH
7. THCV-A: T-111, in MeCN
8. CBN: C-046-1ML, in MeOH
9. Δ9-THC: T-005, in MeOH
10. Δ8-THC: T-032, in MeOH
11. CBL: C-154-1ML, in MeCN
12. THC-A: T-093-1ML, in MeCN
13. CBC: C-143, in MeOH
14. CBC-A: C-150-1ML, in MeCN

Analysis of 14 Cannabinoids
Alicia Stell, Candice Cashman, Benedict Liu, and Daniel Iversen,  CEM Corporation

Figure 1: Three injections of 39.3 µg/mL overlaid

http://www.cem.com
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They were combined into a single mixture with a concentration of 71.4 
µg/mL (roughly 91 ppm) of each compound. An additional 2 dilutions 
were created based on this mixture of 39.3 µg/mL (approximately 50 
ppm) and 7.85 µg/mL (approximately 10 ppm) of each compound.

With a 10 µL injection volume this correlates to the following three 
concentrations on column:
1. Concentration 1 714 ng on column
2. Concentration 2 393 ng on column
3. Concentration 3 78.5 ng on column

Results
First, we injected each concentration of standard 3 times in a row to 
test repeatability and linearity of calibration curves over this range of 
concentrations. Figure 1 shows an overlay of the 3 injections from 
the middle concentration (39.3 µg/mL or 393 ng on column). Figure 
2 shows one of the 39.3 µg/mL injections with peaks identified and 
the peak list on right.

We also observed good RSDs for the 3 injections at each 
concentration and good R2 values for 3 of the compounds that were 
chosen at random and used to create calibration curves.

The RSDs for the 3 injections of the middle concentration  
(39.3 µg/mL, 393 ng on column) were as follows:
Peak Compound Ret Time (%RSD) Area (%RSD)
1. CBDV-A  0.25  1.02
2. CBDV  0.23  2.01
3. CBD-A  0.35  1.48
4. CBG-A  0.42  1.48
5. CBG  0.45  0.41
6. THCV  0.45  1.06

7. THCV-A  0.55  1.41
8. CBN  0.44  1.64
9. Δ9-THC  0.37  4.00
10. Δ8-THC  0.42  4.88
11. CBL  0.45  3.54
12. THC-A  0.29  4.96
13. CBC  0.24  2.39
14. CBC-A  0.28  3.14

All RSDs for retention time were less than 1% and all RSDs for 
peak areas were less than 5% with many being under 2%.

Conclusions
This was a quick study on cannabinoids in the miniLC that compared 
the overall quality of chromatograms achieved, the repeatability over 
multiple injections, and the linearity of the system across multiple 
concentrations. Overall, the results were positive, demonstrating the 
effectiveness of the miniLC for analyzing and quantifying cannabinoids.

CEM Corporation
3100 Smith Farm Road, Matthews,NC 28104

Tel. (800) 726-3331
www.cem.com

Figure 2: One injection of 39.3 µg/mL (393 ng on column) with peak list

http://www.cem.com
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Cells beyond their sell-by date exhibit a higher probability to 
propagate damaged cellular components like DNA, which leads to 
disease. It is therefore necessary for the body to remove these old, 
malfunctioning cells (1). One method the body uses to remove 
these cells is programmed cell death, or apoptosis. In multiple 
studies, garlic has shown a remarkable ability to induce apoptosis 
of damaged or malfunctioning cells (2). Induction of senescent 
cell death is not the only role garlic plays in the human body.  
It has also been documented as providing proliferative benefits 
in the digestive, cardiac, and neural areas of the body. These 
wonder chemicals have shown positive effects in the fight against 
the number one killer of people in the United States: cardiac 
complications. The compounds in garlic inhibit the aggregation 
of platelets in the bloodstream and reduce the likelihood of 
thrombotic events (3).

With a multitude of health applications, garlic separations 
appear to be a necessary quest. All of the active components of 
garlic are easily isolated using the 5 µm PRP-C18 HPLC column 
from Hamilton Company. Good peak shape is observed on both 
the hydrophilic and hydrophobic regions of the chromatogram. 
The beauty of garlic is the multitude of active components 
containing both lipophilic and lipophobic properties all combined 
into one clove. Isolation of any of the active components is easily 
achieved due to the high analyte loading capacity associated 
with this column, making it a great choice when scaling up from 
analytical separation to preparatory isolation is desired. An added  

benefit when using the PRP-C18 column is the ability to easily 
regenerate the column if previous separations had fouled the 
surface chemistry. The regeneration can restore the media back 
to the original peak shape and reproducibility, thereby enhancing 
the longevity and value of the column.

References
(1) G. Gebreyohannes, M. Gebreyohannes, Int. J. Med. Med. Sci., 5(9), 401–

408 (2013).

(2) X. Wu, F. Kassie, V. Mersch-Sundermann, Mutat Res., 589(2):81–102 

(2005).

(3) J. Bradley, C.Organ, D.J. Lefer, J Nutr., 146(2):403S–409S (2016).

PRP C-18, Unlock the Spice: Isolation of  
Garlic Components by Reversed-Phase HPLC
Adam L. Moore, Hamilton Company
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Hamilton Company
4970 Energy Way, Reno, NV 89502

Tel: (775) 858-3000, Email: hplc@hamiltoncompany.com
www.hamiltoncompany.com

Table I: Column Information

Column Information

Packing Material PRP-C18, 5 µm

Dimensions 150 × 4.6 mm

P/N 79676

Chromatographic Conditions

Gradient

0.00–12.5 min 2–30% B
12.51–17.0 min 30% B

17.01–19.0 min 30–99% B
19.01–22.0 min 99% B
22.01–25.0 min 2% B

Temperature 35 °C

Injection Volume 5 µL

Detection UV at 215 nm

Eluent A Water

Eluent B Acetonitrile

Flow Rate 1.0 mL/min

http://www.hamiltoncompany.com
mailto:hplc@hamiltoncompany.com
http://www.hamiltoncompany.com
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Oligonucleotide therapeutics, such as antisense nucleic acid drugs, are 
promising candidates for genetic, metabolic, and cancer treatments. 
Generally, oligonucleic acids (oligo-DNAs and oligo-RNAs) around  
20 mer are used in approved nucleic acid drugs. However, longer chains 
are reported by BioNtech and Moderna (1). 

The development and quality control of oligonucleotide therapeutics 
often require highly selective and sensitive analytical methods such as 
liquid chromatography–mass spectrometry (LC–MS). The most often 
used method of analysis is reversed-phase chromatography with the use 
of an ion-pair reagent. However, ion-pair reagents tend to remain in the 
LC system causing problems. Ion exchange chromatography is another 
common method. However, this generally requires addition of highly 
concentrated salt in the eluent, unusable on mass spectrometry detectors.

This technical article outlines the analysis of long-chain oligonucleotides 
utilizing a simple eluent containing acetonitrile with a relatively low level of 
salt and no ion-pair reagent.

Experimental
The LC–MS system used was the Shimadzu Nexera/LCMS-8030 Plus. 
The column used was the Shodex HILICpak™ VN-50 2D. Dimensions 
were 2.0 mm I.D. × 150 mm in PEEK housing. The gel material was a 

multi-porous polyvinyl alcohol support with surface diol functional groups. 
The packing material particle size was 5 μm and pore size was 100 Å.

A high-pressure linear gradient elution was used. The elution method 
was optimized during method development. The gradient mixtures of 
Eluent A (ammonium formate aqueous solution) and Eluent B (acetonitrile) 
are shown in Figure 1. The column temperature was 40 °C. The mass 
spectrometer was coupled with UV (260 nm) for detection.

Analysis of 10- to 50-mer oligo-DNAs
Separations of up to 50-mer oligo-DNAs were optimized. The 
types and sizes of synthetic oligo-DNA in samples 1–5 are 
listed in Table I. They were dissolved in ultra-pure water and  
0.02-mg/mL samples were injected for analysis.

Results
Figure 1 shows the LC–UV/MS chromatograms of 10-, 20-, 30-, 
40-, and 50-mer oligo-DNAs. The optimized elution condition 
was a linear gradient from 65 to 45% acetonitrile over 10 min,  
and then 45% acetonitrile was held for 10 min. This gradient 
condition (higher ammonium formate aqueous solution ratio) 
provided improved separations of longer chain oligo-DNAs. 

Conclusions 
This application note demonstrates the feasibility of Shodex HILICpak 
VN-50 coupled with an LC/UV/ESI–MS for the analysis of 10-mer to  
50-mer oligo-DNA without chemical modifications. 

This mild eluent does not require the ion-pair reagents required for 
reversed phase chromatography nor the highly concentrated salts required 
for ion-exchange chromatography, thus reducing the LC–MS system 
maintenance burden. Also, the desalting process during purification is 
simplified since the ammonium formate/acetonitrile eluent mixture is volatile.

Importantly, the polymer-based packing material allows the use of 
alkaline washing solutions, which helps prevent the non-specific adsorption 
and carry-over related problems that are often problematic in laboratory- or 
preparative-scale analyses that demand high precision and accuracy. 

The results underscore the importance of the VN-50 2D in the 
development, quality control, and purification of nucleic acid drugs.

Reference
(1) Y. Yamada, Cancers, 13(19), 5002 (2021).

Analysis of Long-Chain Oligo-DNA with the 
Shodex™ VN-50 2D HILIC Column
Eiji Kagawa, Hisako Sakuma, Junji Sasuga, and Ronald Benson,  Shodex/Showa Denko America, Inc.

Shodex/Showa Denko America, Inc.
420 Lexington Ave., Suite #2335A, New York, NY 10170

Tel. (212) 370-0033, fax (212) 370-4566
www.shodexhplc.com

UV Chromatograms (260 nm)

10mer 20mer
30mer

40mer
50mer

(a)

(b)

10mer 20mer
30mer

40mer
50mer

0 10 20 30min

Sample
Column
Eluent

Flow rate
Detector
Column temp

0.02 mg/mL each (in H2O), 1 µL
Shodex HILICpak VN-50 2D (2.0 mm I.D. x 150 mm)
(A) 50 mM HCOONH4 aq. (pH 9.8)/ (B) CH3CN High pressure Linear gradient
(a) 60 % B (0 min) → 50 % B (10 - 20 min)

→ 60 % B (20.01 - 25 min)
(b) 65% B (0 min) → 45 % B (10 - 20 min)
→ 65 % B (20.01 - 25 min)
0.2 mL/min
Shimadzu Nexera / LCMS-8030 Plus : UV (260 nm)
40 ˚C

Figure 1: UV chromatograms of 10- to 50-mer oligo-DNAs

TM

Table I: Oligonucleic acids analyzed in this application

Sample 
No.

Oligo-
DNA

Sequence

1 10 mer TTCTTCGGAA

2 20 mer CTTCTCATGGTTCTTCGGAA

3 30 mer TGTTGTCATACTTCTCATGGTTCTTCGGAA

4 40 mer CCACACCGGCTGTTGTCATACTTCTCATGGTTCTTCGGAA

5 50 mer
GACAACAGCCCCACACCGGCTGTTGTCATACTTCTCATG-

GTTCTTCGGAA

http://www.shodexhplc.com


100 THE APPLICATION NOTEBOOK – FEBRUARY 2022

PHARMACEUTICAL/DRUG DISCOVERY

Binding between monoclonal antibodies (mAbs) and effector cells directly 
impacts the accompanying immune response or antibody-dependent cell 
cytotoxicity (ADCC). N-glycans at Asn297 of the Fc region influence this 
binding, as they affect the specificity of IgG to the FcγRIIIA receptor of 
effector cells. To monitor FcR receptor binding, a recombinant FcγRIIIa-
ligand has been commercialized into TSKgel FcR-IIIA high-performance 
affinity chromatography (AFC) columns that separate antibodies based on 
affinity differences to FcγRIIIa.

TSKgel FcR-IIIA-NPR has a linear loading range of 5–50 μg mAb, which 
is useful for analytical applications, but is highly limiting if collection of elution 
products is necessary for further purification or analyses. This is overcome 
by the semi-preparative TSKgel FcR-IIIA-5PW column, allowing collection of 
sufficient material for improved analytical workflows in a short time.

Recombinant FcγRIIIa-ligand, with enhanced physiochemical stability, 
is immobilized onto a non-porous particle for analytical applications, 
and onto a larger porous particle for semi-preparative applications.  
Both columns share a comparable resolution while increased loading 
capacity and elution volumes are achieved on the TSKgel FcR-IIIA-5PW.

Here, intact mAb and papain-digested mAb were used to compare 
the scalability of semi-preparative TSKgel FcR-IIIA-5PW and to provide a 
methodology to broaden from analytical to semi-preparative mode while 
maintaining similar resolution between the two different capacity columns.

Table I indicates the specifications and operating conditions of analytical 
and semi-preparative TSKgel FcR-IIIA columns.

Materials and Methods

TSKgel FcR-IIIA Conditions
Columns:  TSKgel FcR-IIIA-5PW, 10 μm, 7.8 mm ID × 7.5 cm
  TSKgel FcR-IIIA-NPR, 5 μm, 4.6 mm ID × 7.5 cm
Mobile phase:  A: 50 mmol/L citrate/NaOH, pH 6.0
  B: 50 mmol/L citrate/NaOH, pH 4.0

Method:   Equilibrate: 5 CV mobile phase A
  Wash: 4 CV 25% mobile phase B
  Elution for TSKgel FcR-IIIA-5PW:
  Linear gradient 25–90% B over 14 CV;
  Hold 4 CV at 90% B and 100% B
  Elution for TSKgel FcR-IIIA-NPR:
  Linear gradient 0–100% B over 15 min
Flow rate:  TSKgel FcR-IIIA-5PW:
  Equilibration, load, and wash steps: 0.5 mL/min
  Elution and hold steps: 0.25 mL/min
  TSKgel FcR-IIIA-NPR:
  0.5 mL/min
Instrument:  ÄKTA™ avant 25 FPLC
Detection:   UV @ 280 nm
Temperature:  Ambient
Sample:   Protein A-purified trastuzumab 
  (Herceptin® biosimilar)
Load:   2.7 mg (TSKgel FcR-IIIA-5PW)
  54 μg (TSKgel FcR-IIIA-NPR)
Separation of trastuzumab on the analytical and semi-preparative 
columns is seen in Figure 1, illustrating comparable peak profiles and 
ease of scaling using the same mobile phase and flow rate.

Figure 2 (panel A) illustrates fraction collection from the semi-
preparative TSKgel FcR-IIIA-5PW column run and purity analysis for 
each peak. For semi-preparative peaks from 5 mg load (left panel), the 
fractions in the boxed area were pooled, buffer-exchanged, concentrated 
in spin concentrators, and subjected to the analytical TSKgel FcR-IIIA-
NPR column for purity assessment. The analytical FcR runs (panels B-D) 
show that each pooled fraction contained predominantly homogeneous 
peak material and only minor amounts of other peaks were present.

Figure 3 shows the linearity of peaks 1, 2, and 3 for different loads 
on the semi-preparative TSKgel FcR-IIIA-5PW (left figure) and TSKgel 

Characterization of mAb Glycoforms on FcγRIIIA-Ligand by 
Analytical and Semi-Preparative Chromatography 
 Tosoh Bioscience
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Figure 1: Separation of trastuzumab based on its glycoform pattern 
on analytical (A) and semi-preparative (B) TSKgel FcR-IIIA columns

Table I: Specifications and operating conditions

Parameter FcR-IIIA-NPR FcR-IIIA-5PW

Ligand Recombinant Fcγlla receptor ligand

Porous No Yes

Particle size (μm) 5 10

Dimensions 4.6 mm ID × 7.5 cm 7.8 mm ID × 7.5 cm

Volume (mL) 1.25 3.58

Max flow rate (mL/min) 1.0 1.2

Operational flow rate 
(mL/min)

1.0 0.25–1.0

Pressure limit (MPa) 9.0 1.0

http://www.tosohbioscience.com
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FcR-IIIA-NPR (right figure) columns. A wide range of loading capacity 
was confirmed: 2–50 μg on the NPR and 1–5 mg on the 5PW column. 
In larger loads up to 10 mg, peaks started to blend together (not shown). 
Thus, for the semi-preparative column, the recommended load range 
was determined as 0.5 mg to 5 mg of mAb.

To demonstrate binding specificity of the TSKgel FcR-IIIA columns to 
the Fc region of antibodies, papain (Figure 4; papain cleavage site after 
His-228 in trastuzumab) was used to digest intact IgG to its Fab and Fc 
fractions and the reaction mix was loaded onto the semi-preparative and 
analytical TSKgel FcR-IIIA columns (Figure 5). Intact mAb and the Fc 
fragment both bound onto the FcR-IIIA columns and eluted as typical 
three peaks.

Intact mAb and the Fc fragment have comparable peak profiles 
between the analytical and semi-preparative formats, as demonstrated 
in Figure 5. Tighter binding of the Fc fragment relative to the intact mAb 
was observed on both columns, potentially due to the removal of steric 
hindrance of the Fab portions. Approximately 50× more material was 
loaded (2.7 mg vs 54 μg) on the semi-preparative TSKgel FcR-IIIA-

5PW, allowing greater elution volumes and fraction collection. The purity 
of the three peaks eluted from the TSKgel FcR-IIIA-5PW column are 
confirmed by the peak profile and different retention times when applied 
to the analytical TSKgel FcR-IIIA-NPR column. Each pooled fraction 
analyzed on the analytical column are predominantly homogeneous.  
As reported, the fractions are linked to different glycan patterns, which 
can be confirmed by subjecting them to more detailed glycan analysis.

Conclusion
In summary, selectivity and resolution of intact mAb and papain-digested 
mAb can be maintained, even at high load, with use of the semi-preparative 
TSKgel FcR-IIIA-5PW column. The ability to collect more material per 
injection allows for more detailed ADCC activity estimation of specific mAb 
glycoforms or mAb modalities related to its Fc domain. These modalities 
can be separately studied through other orthogonal methods.

TSKgel and Tosoh Bioscience are registered trademarks of Tosoh 
Corporation.
ÄKTA is a trademark of Cytiva. 
Herceptin is a registered trademark of Genentech, Inc.

Tosoh Bioscience LLC
3604 Horizon Drive, Suite 100, King of Prussia, PA 19406

Tel. (484) 805-1219, fax (484) 805-1277
www.tosohbioscience.com
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Figure 5: Elution profiles of TSKgel FcR-IIIA columns for intact mAb 
and the papain-released Fc-fraction
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