
CRM-CYN (Lot# 20050531)

Certified Calibration Solution for Cylindrospermopsin

Cylindrospermopsin (CYN) is a cyanobacterial toxin associated with poisoning incidents [1]. CRM-CYN
is a certified instrument calibration solution prepared to aid the analyst in the determination of CYN.
Each ampoule contains approximately 0.5 mL of a solution of CYN dissolved in filtered, deionized water
at a concentration suitable for calibration of liquid chromatography experiments and for spiking control
samples in recovery experiments.

Table 1: Certified concentration values for CRM-CYN.

Compound µmol/L
(at +20 °C)

µg/mL
(at +20 °C)

µg/g

CYN 30 ± 2 12.6 ± 0.8 12.7 ± 0.8

Cylindrospermopsin
CAS registry no: 143545-90-8
Molecular formula: C15 H21 N5 O7 S
Molecular weight: 415.42 g/mol
[M+H]+: m/z 416.12345

Expiry date: 1 year from date of sale.
Storage conditions: +4 °C
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Intended Use

CRM-CYN is a calibration solution CRM designed for analytical method development and accurate
quantitation of CYN. The concentration of CYN in this CRM is suitable for preparing a dilution series for
calibration of instrumentation, such as liquid chromatography with detection using ultraviolet
absorbance (LC-UV) or mass spectrometry (LC-MS).

Preparation of the CRM-CYN

The starting material was a large-scale laboratory culture of the algae Cylindrospermopsis raciborskii [2,3].
The CYN was extracted, purified by preparative scale chromatography [4], dried under vacuum, and
dissolved in deionized water to give a stock solution. The CRM-CYN solution was prepared in filtered
(0.2 µm) and degassed deionized water and dispensed into amber ampoules pre-filled with argon,
which were then immediately flame-sealed. Each ampoule contains approximately 0.5 mL of solution.

Structural Confirmation and Purity Assessment

The molecular structure of CYN was confirmed by NMR spectroscopy and tandem mass spectrometry.
The NMR and product ion mass spectra are shown in Figures 1 and 2, respectively.

The purity of CRM-CYN was checked using the following techniques: 500 MHz proton NMR
spectroscopy, LC-UV (Figure 3), LC-MS [5] (Figure 2), capillary electrophoresis with UV detection (CE-
UVD) [6], and liquid chromatography with chemiluminescence nitrogen detection (LC-CLND) [7].

Homogeneity

As this CRM is a true solution, it is expected to be homogeneous. To confirm this, the concentration of
CYN in randomly selected ampoules representing 1.2% of those produced was measured by LC-UV.
The between-ampoule variation was measured to be no greater than the variation for replicate
analyses of one solution, which demonstrates acceptable homogeneity over the entire ampoule range.

Stability Study

Stability studies have demonstrated excellent long-term stability of CYN solutions stored at +4 °C.
Solutions are also stable when stored in a reliable, non-defrosting freezer (preferably ≤ -20 °C). It has
further been determined that CRM-CYN solutions exhibit good stability at room temperature, with no
detectable decomposition observed after twelve months.

Certified value

The certified value for CRM-CYN, 30 ± 2 mol/L (at +20 °C) (Table 1), is based on results obtained at the
NRC using two independent analytical methods: LC-CLND and quantitative NMR spectroscopy [8].
Calibrations of both LC-CLND and qNMR were performed using accurate solutions of USP-grade
caffeine.

The results shown in this certificate are traceable to the SI standard through gravimetrically prepared
standards of established purity. This product serves as a suitable reference material for laboratory
quality assurance programs.
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UV Molar Absorptivity Coefficient

Several different values for the molar absorptivity coefficient of CYN have been reported in the
literature. Using CRM-CYN, the following absorbance data were measured:

Table 2: Molar absorptivity coefficient value for CYN.

max (nm)*  (M-1 cm-1)*

262 9800 ± 300

* Measurements made with water as solvent at pH 7 and
+23 °C. Please note that different pHs can result in different
values.

Uncertainty

The overall uncertainty estimate (UCRM) for CRM-CYN includes uncertainties associated with batch
characterization (uchar), between-bottle variation (uhom), and instability associated with long-term storage
(ustab) [9,10]. These components can be combined as:

where k is the coverage factor ( = 2).

All of these sources of uncertainty were considered for the estimate of the final uncertainty in the
certified concentration of CRM-CYN [11,12]. Tests of homogeneity within and between ampoules were
performed (see section Homogeneity) and were deemed to be negligible. Stability studies which extend
past the specified shelf life of CRM-CYN have been completed and no significant loss of material was
observed. CYN exhibits reasonable stability at room temperature (see Section Stability Study), in the
event that a delay occurs during shipping. It follows that the relative contribution to uncertainty due to
stability during storage (ustab) was determined to be negligible.

All reasonable sources of error related to the characterization of CRM-CYN were considered and
quantified. The certified value for the concentration of CYN is based on quantitative measurements by
qNMR and LC-CLND, which together contribute a relative uncertainty of 0.030 (calculated from the
standard uncertainty of the average of method means and the uncertainty of the calibrations). The
relative uncertainty associated with the dilution of the stock to the final CRM solution is a negligible due
to the use of gravimetric procedures. Applying a coverage factor of 2 resulted in a final relative
standard uncertainty for the certified concentration of CYN in CRM-CYN of 0.061.

Storage Instructions

To ensure the long-term stability of CRM-CYN, the unopened ampoule should be stored in the dark in a
refrigerator at approximately +4 °C. The toxin has been found to be stable under these conditions.
Solutions are also stable when stored in a reliable, non-defrosting freezer (preferably ≤ -20 °C). The
CRM has been prepared under conditions that minimize the chance of bacterial contamination, but it is
recommended that aliquots and dilutions of the CRM be stored frozen (≤ -20 °C).

UCRM   k char
2 hom

2 stab
2
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Expiry

If stored unopened at the recommended storage conditions (Section Storage Instructions), the certified
concentration of the CRM is valid for 1 year from the date of sale.

Instructions for Use

Prior to opening, each ampoule should be allowed to warm to room temperature and the contents
should be thoroughly mixed. The ampoule should be inverted several times, then held upright, tapped
to ensure that the solution drains to the bottom, and opened at the pre-scored mark. Once an ampoule
has been opened, accurate aliquots should be taken with calibrated volumetric equipment and
transferred to volumetric flasks or vials. An increase in concentration due to evaporation of solvent will
occur if the solution is left open for more than a few minutes. It is recommended that the CRM not be
evaporated to dryness due to potential for losses on glass surfaces. A useful procedure that ensures
accurate dilutions involves using a balance to determine weights of the dispensed aliquot and the final
diluted solution, assuming that water is used as diluent. Please Note: The volume of the solution is not
certified. Only the concentration is certified.

Safety Instructions

CYN irreversibly inhibits protein synthesis and may also be genotoxic [4,13]. Only qualified personnel
should handle the solution and appropriate disposal methods should be used. Heavy gloves and eye
protection should be used when opening the ampoule for protection should the glass shatter. A material
safety data sheet (MSDS) is available for CRM-CYN.
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Figure 1: Proton NMR spectrum (500 MHz) of the stock solution of CYN (in H2O) used for preparation
of CRM-CYN.
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Figure 2: Analysis of the CRM-CYN by LC-MS. Conditions: column = TosoHaas TSKgel Amide-80,
2.1 × 250 mm at +30 °C; mobile phase = 71% CH3CN/H2O, 3.6 mM formic acid, 2 mM
ammonium formate (isocratic); flow rate = 0.2 mL/min; 10 µL injected. (a) API-165 single
quadrupole mass spectrometer, selected ion monitoring (m/z 416.4) with positive
electrospray ionization, dwell = 150 msec; (b) electrospray mass spectrum; (c) product ion
spectrum of m/z 416.
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Figure 3:  Analysis of CRM-CYN by LC-UV at 262 nm. Conditions: column = Zorbax SB-C8, 2.1 × 150
mm, held at +30 °C; mobile phase = 5% CH3OH/H2O with 2 mM heptanesulfonic acid
(isocratic); flow rate = 0.2 mL/min; 10 µL injected.

Time (min)

0 5 10 15

CYN

 (nm)
250 300 350

m
AU

UV max @ 262nm



Biotoxin CRMs CRM-CYN 8/9

References

1. Griffiths DJ, and Saker ML (2003). The Palm Island mystery disease 20 years on: a review of
research on the cyanotoxin cylindrospermopsin. Environ Toxicol 18:78-93.

2. Ohtani I, Moore RE, Runnegar MTC (1992). Cylindrospermopsin: a potent hepatotoxin from the
blue-green alga Cylindrospermopsis raciborskii. J Am Chem Soc 114:7941-7942.

3. Heintzelman GR, Fang WK, Keen SP, Wallace GA, Weinreb SM (2002). Stereoselective total
syntheses and reassignment of stereochemistry of the freshwater cyanobacterial hepatotoxins
cylindrospermopsin and 7-epicylindrospermopsin. J Am Chem Soc 124:3939-3945.

4. Humpage AR, Fenech M, Thomas P, Falconer IR (2000). Micronucleus induction and chromosome
loss in transformed human white cells indicate clastogenic and aneugenic action of the
cyanobacterial toxin, cylindrospermopsin. Mutat Res 472:155-161.

5. Dell’Aversano C, Eaglesham GK, Quilliam MA (2004). Analysis of cyanobacterial toxins by
hydrophilic interaction liquid chromatography-mass spectrometry. J Chromatogr A 1028:155-164.

6. Vasas G, Gáspár A, Surányi G, Batta G, Gyémánt G, M-Hamvas M, Máthé C, Grigorszky I, Molnár
E, Borbély G (2002). Capillary electrophoresis assay and purification of cylindrospermopsin, a
cyanobacterial toxin from Aphanizomenon ovalisporum, by plant test (blue-green Sinapis test). Anal
Biochem 302:95-103.

7. Quilliam MA, manuscript in preparation.
8. Burton IW, Quilliam MA, Walter JA (2005). Quantitative 1H NMR with external standards: use in

preparation of calibration solutions for algal toxins and other natural products. Anal Chem 77:3123-
3131.

9. Pauwels J, Lamberty A, Schimmel H (2000). Evaluation of uncertainty of reference materials.
Accred Qual Assur 5:95-99.

10. Pauwels J, Lamberty A, Schimmel H (1998). The determination of the uncertainty of reference
materials certified by laboratory intercomparison. Accred Qual Assur 3, p. 180-184.

11. Ellison SLR, Burke S, Walker RF, Heydorn K, Mansson M, Pauwels J, Wegscheider W, te Nijenhuis
B (2001). Uncertainty for reference materials certified by interlaboratory study: Recommendations
of an international study group. Accred Qual Assur 6:274-277.

12. Guide to the Expression of Uncertainty in Measurement, ISBN 92-67-10188-9, 1st edition ISO,
Geneva, Switzerland (1993).

13. Froscio SM, Humpage AR, Burcham PC, Falconer IR (2003). Cylindrospermopsin-induced protein
synthesis inhibition and its dissociation from acute toxicity in mouse hepatocytes. Environ Toxicol
18:243-251.



Biotoxin CRMs CRM-CYN 9/9

Acknowledgements

The following staff members of Measurement Science and Standards at NRC contributed to the
production and certification of CRM-CYN: Y.M. Chen, S. Crain, W. Hardstaff, J. Ku, D. Marciniak,
M. Quilliam, K. Reeves, K. Thomas and J. Walter.

Plankton biomass was produced and cylindrospermopsin isolated by A.R. Humpage, Australian Water
Quality Centre, Adelaide, Australia.

This document should be cited as:

Y.M. Chen, K. Thomas, S. Crain and M.A. Quilliam: “CRM-CYN, a certified calibration solution
reference material for cylindrospermopsin”, Biotoxin Metrology Technical Report CRM-CYN-20050531,
National Research Council Canada, Halifax, February 2006.
DOI https://doi.org/10.4224/crm.2006.cyn.20050531

First certification completed: February 2006
Document version: 20220321

Revised: March 2022 (DOI added and editorial updates)

Signed :

 Michael A. Quilliam, Ph.D.
 Group Leader, Biotoxin Metrology
 Measurement Science and Standards

This Certificate is only valid if the corresponding product was obtained directly from NRC or
one of our qualified vendors.

Comments, information and inquiries should be addressed to:
National Research Council Canada
Measurement Science and Standards
1411 Oxford Street
Halifax, Nova Scotia  B3H 3Z1

Telephone: 1-902-426-8281
Fax: 1-902-426-5426
Email: CRM-MRCBiotoxin-Biotoxines@nrc-cnrc.gc.ca


