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�
�
�
�
�
��
�
��
�
�
	


�
�
��
�




��������������
�

��������������������� ��!���!�����"�����#��� ���!������ �������!����!��������

���"�����#$�"�����%��%�&�������� ����'"�!� %���������&%$����!��������

�&� �������$���!������&��&�������!� ��(��"����)�*+�,%��������+�-+�././�012.34�

.315.36+�!��7.2+.2.89:+ %����+12.3+26+228+�

;1.<�=+�>�#�����?,�#����)��+�@����)�*+A+�B�� %�)�-+>+�C���?=�(����)�D+E+*+�F��)�

,��&�����������&&��� %������!����G��%������H����� ������I,?FB9FB�#���!�

!������������������$ ���H����������!���!����!)�J���!�F$ ���H���*+�K�012.84�

.LK5.8.+�!��7.2+MK129JF*12.L+.631+�

;11<�=+�>�#�����?,�#����)�*+������ %?F�����N�)�*+A+�B�� %�)�F+�O#PQ�R)�-+>+�C���?

=�(����)�F��%�!�!�(���&�������!�(���!�����������%��!�������������������� ��!�

��!� �����!���"&����� ��&�"�!��#$���'"�!� %���������&%$�������&� �������$�

��!������&��&�������!� ��(��"��������G��������&���+�,��&�����������G��

�H��� ������� %��'"��)�-���+�F��%�!�+�6�012.84�16K/51K2M+�

!��7.2+.2MK9,8-S2211.D+�

;1M<�=+�>�#�����?,�#����)�*+�>����?B��"��)�I+�D"$�%�#����)�B+��������)�,+�I��E���)�

*+?,+,+�B�"#��#�����)�T+�,�(�����)�-��������!����&������%�!��������"������"��

����"�����������1/0UD4�)�1L)1/0UD41����!��%��A���������F���#������C�����

0AFC4�������"�����&����#$�I,?FB9FB)�,���+�,%��+�- ��+�L3M�012.34�..85.1M+�

!��7.2+.2.89:+  �+12.3+26+21L+�

;1L<�F+�>���P�!�R?>���P�!�R)��+�C�!�V�"�R?E��RP��R)�F+T+�-QN��W�(���R)�>+�

C�!�V�"�R)�>+A+W+�F��X�!�R)�*+O+E+�-�����)�B��"������"�������������������

,������������!�,�����������D"����B��"��#$���"#��?B&�Y��O����&�����"�����

I�'"�!�,%���������&%$5Z��!���F����B&� �������$�0I,?FB9FB4���!�E���

,%���������&%$5F����B&� �������$�0E,?FB4)�-���+�,%��+�63�012./4�M3//5

M38M+�!��7.2+.21.9� �+���� %��+/#2238K+� �

[\\]̂ _]̀ ab[cde\fĝ_
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Supplemental Table 1. Experimental isotopic abundances of 25(OH)D2 

 

 

m/z Experimental Abundances1 

Precursor Product 25(OH)D2 2H3-25(OH)D2 

395 377 0.7340 - 

396 378 0.2265 - 

397 

377 0.0014 - 

379 0.0339 0.0326 

398 
378 0.0004 - 

380 0.0033 0.7080 

399 381 - 0.2201 

400 

380 - 0.0016 

382 - 0.0342 

383 - 0.0035 

1 5 injections of 0.5 µg/mL individual standards. 



Supplemental Table 2. Experimental isotopic abundances of 25(OH)D3 

m/z Experimental Abundances1 

Precursor Product 25(OH)D3 2H6-25(OH)D3 

383 365 0.7437 - 

384 366 0.2194 - 

385 
365 0.0014 - 

367 0.0316 - 

386 
366 0.0004 - 

368 0.0028 - 

387 369 - 0.0093 

388 370 - 0.0538 

389 371 - 0.7041 

390 372 - 0.2006 

391 

373 - 0.0282 

374 - 0.0026 

1 5 injections of 0.5 µg/mL individual standards. 

 



Supplemental  Table 3. Experimental isotopic abundances of 24,25(OH)2D3 

m/z Experimental Abundances1 

Precursor Product 24,25(OH)2D3 2H6-24,25(OH)2D3 

381 363 0.738 - 

382 364 0.222 - 

383 
363 0.001  

365 0.034   

384 
364 0.0004 - 

366 0.004 - 

386 368 - 0.036 

387 369 - 0.700 

388 369 - 0.003 

 
370 - 0.214 

389 371 - 0.033 

1 5 injections of 0.5 µg/mL individual standards. 

 

  



Re-certification of hydroxyvitamin D standards by isotope pattern deconvolution. Suplemental 

information. 

IPD Detailed 

Notes on isotope pattern deconvolution (IPD) calculation. Part of this notes are provided by JI Garcia-

Alonso’s “Enriched Stable Isotopes” research group. University of Oviedo. Spain. 

 

 

IPD is an alternative calculation to classical calibration curve based procedure in Isotope Dilution Mass 

Spectrometry (IDMS). The addition of isotopically enriched analogues of the analytes under study 

produces an alteration of the natural distribution of isotopic abundances. 

In IPD, the sample containing the natural abundance analyte is spiked with an exactly known amount 

of the isotope-labelled internal standard, which is traditionally enriched with 13C or 2H. Thus, in the 

mixture we have molecules from the same compound showing two different isotope patterns: the 

natural abundance and the isotopically labeled. The isotope distribution of the molecule, or any 

fragment, in the mixture can be measured by low resolution Mass Spectrometry. Traditionally, the 

peak area ratio between two given masses in the mixture is measured for IDMS to build the calibration 

curve. In the IPD approach, the whole or part of the isotope pattern is measured. The total amount 

(mols) of compound in a given mixture, Nmix, can be distributed between the two sources by: 

labnatmix NNN 
  [1] 

where mixN
 is the total amount of compound found in the mixture; natN

 is the amount coming from 

the compound with natural isotope abundances; and, labN
 is the known amount of the labelled 

compound in the mixture coming from the spike added. Similar amount balances can be also obtained 

for all isotope compositions of the compound considered, as shown by equation [2], illustrated for a 

nominal mass i as an example: 

i

lab

i

nat

i

mix NNN 
  [2] 

To conduct the calculations it is assumed that all possible isotope compositions possessing the same 

nominal mass are added together in the mass spectrum without differences in ionisation efficiencies or 

isotopic effects and are free of interferences. Then, equation [2] can be expressed as a linear 

combination of the total amount of each compound (natural abundance or labeled) and their 

corresponding isotope compositions: 

i

lablab

i

natnat

i

mixmix ANANAN 
   [3] 

where 
i

mixA
 is the experimentally measured relative abundance of the compound at nominal mass i in 

the mixture; 
i

natA
 is the theoretical relative abundance of the natural abundance compound at the 



same nominal mass and 
i

labA
 is the theoretical relative abundance in the isotopically labelled 

compound. When we divide equation [3] by equation [1], the following expression is obtained: 

i

lablab

i

natnat

i

mix AxAxA 
   [4] 

where    labnat

nat
nat

NN

N
x




   [5] 

and    labnat

lab
lab

NN

N
x




   [6] 

In expressions [5] and [6] the variables xnat and xlab indicate the molar fractions of the compound in the 

spiked sample arising from the two different sources: natural abundance or isotopically labelled. A 

typical organic compound may show different isotope compositions at n nominal masses so, equations 

for all these nominal masses can be obtained in a similar way to equation [4] and they can be 

expressed in matrix notation as: 
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  [7] 

Where 
i

mixA
 are the experimentally measured relative abundance of the compound in the mixture for 

the different masses i; and 
i

natA
 and 

i

labA
 are the theoretical calculated (or experimentally measured) 

relative abundances of the natural and isotopically labeled compounds. 

As we have more parameters (nominal masses) than unknowns (molar fractions) an error vector is 

included in equation [7]. The best values of xnat and xlab are found by least square minimization of the 

error vector “e”. 

Once the molar fractions of the compound are computed by the linear regression the amount of 

natural abundance compound can be calculated, as Nlab is known, using the equation: 

R
x

x

N

N

lab

nat

lab

nat 

   [8] 

Equation [8] comes from dividing equation [5] by equation [6]. Note that equation [8] takes the form of 

straight line of slope 1 and intercept 0 when the ratio of mols (Nnat/Nlab) is plotted against the ratio of 

molar fractions (R = xnat/xlab), regardless of the labeling of the molecule. 



When tandem mass spectrometry (QqQ) in Selected Reaction Monitoring (SRM) mode is used, the 

different isotope compositions coming from the same nominal mass could generate fragment ions with 

various nominal masses, leading to a mass isotopomer distribution different from the original 

deprotonated ion. (Different isotopic composition with the same nominal mass are due to the presence 

of a 13C atom or alternatively a 15N atom in the molecule, for example.) 

If we assume that the fragmentation efficiency does not depend on the isotope composition, the 

relative abundance of any precursor ion will be distributed among their corresponding product ions. In 

other words, the sum of the relative abundances for all the transitions coming from the same nominal 

mass will be equivalent to the theoretical abundance of precursor ion. 

Thus, the resulting isotopic composition (𝐴𝑚𝑖𝑥
𝑆𝑅𝑀𝑖), (Figure 1C in the manuscript) measured after mixing 

the natural occurring analytes in the samples and the spiked labelled analogues, is a linear 

combination of the natural (𝐴𝑛𝑎𝑡
𝑆𝑅𝑀𝑖) (Figure 1A) and enriched (𝐴𝑙𝑎𝑏

𝑆𝑅𝑀𝑖) (Figure 1B) compound’s isotopic 

distribution of abundances. 

For a single spike and n measured transitions in the MS/MS system, this can be expressed as matrix 

notation as follows: 

[
 
 
 
 𝐴𝑚𝑖𝑥

𝑆𝑅𝑀1

𝐴𝑚𝑖𝑥
𝑆𝑅𝑀2

⋮

𝐴𝑚𝑖𝑥
𝑆𝑅𝑀𝑛]

 
 
 
 

=

[
 
 
 
 𝐴𝑛𝑎𝑡

𝑆𝑅𝑀1

𝐴𝑛𝑎𝑡
𝑆𝑅𝑀2

⋮

𝐴𝑛𝑎𝑡
𝑆𝑅𝑀𝑛

𝐴𝑙𝑎𝑏
𝑆𝑅𝑀1

𝐴𝑙𝑎𝑏
𝑆𝑅𝑀2

⋮

𝐴𝑙𝑎𝑏
𝑆𝑅𝑀𝑛]

 
 
 
 

[
𝑋𝑛𝑎𝑡

𝑋𝑙𝑎𝑏
] + [

𝑒𝑆𝑅𝑀1

𝑒𝑆𝑅𝑀2

⋮
𝑒𝑆𝑅𝑀𝑛

] [9] 

As said before for MS mode, in order to solve the equation system, an error vector is included (𝑒𝑆𝑅𝑀𝑖). 

Minimization of this parameter by multiple linear regression gives the values of molar fractions (𝑋𝑛𝑎𝑡 

and 𝑋𝑙𝑎𝑏  respectively) that best fit the experimental data of the mix. These calculations can be easily 

performed with the Excel “Linest” function (see an example in the Excel attached document), which 

uses the least squares method to calculate the line of best fit through a supplied set of “y” (in this 

cases, 𝐴𝑚𝑖𝑥
𝑆𝑅𝑀𝑖) and “x” ((𝐴𝑛𝑎𝑡

𝑆𝑅𝑀𝑖) and (𝐴𝑙𝑎𝑏
𝑆𝑅𝑀𝑖)) values. Finally, since the amount of labelled compound 

(𝑁𝑙𝑎𝑏) spiked into the sample is known, the amount of natural compound (𝑁𝑛𝑎𝑡) is readily obtained: 

𝑁𝑛𝑎𝑡 = 𝑁𝑙𝑎𝑏
𝑋𝑛𝑎𝑡

𝑋𝑙𝑎𝑏
    [10] 

Note that equation [9] will provide an exact solution when n = 2 and a least squares solution when n > 

2. Hence, the selection of the number of masses to be used in the calculations will depend on practical 

considerations. Three or four masses (or transitions in SRM mode) are typically measured when the 

method is finally applied with quantification purposes. 

Previously to its aplication, this methodology requires the full characterization of both compounds 

(natural and labelled) in terms of their isotopomer distribution of abundances, i.e. calculating or 

measuring all the transitions to build matrix “x”. In the present work isotopomer abundances have been 

experimentally measured. As said before, no methodological calibration is needed, and quantification 

is directly conducted in the sample after one injection. 

 



Example of IPD quantification for 25(OH)D3

First, the peak areas obtained for each transition are converted to abundances (Ab mix)

Then, the multiple linear regression is performed to obtain the molar fractions of natural and labelled compounds.

As this calculation provides two values that do not comply with χlab+χnat=1, those values are normalized (black box).

m/z Area Labelled Natural Ab mix

383>365 3966000 0 0,7437 0,378327

384>366 1185000 0 0,2194 0,113040

389>371 4150000 0,7041 0 0,395879

390>372 1182000 0,2006 0 0,112754

Sum 10483000

Mw 25(OH)D3 400,6

Mw d6-25(OH)D3 406,6

Conc. Lab solution 313,3 ng/mL

Mass of solutions added to the vial

Nat solution 0,0398 g

Nat+Lab solutions 0,0775 g

Moles of labelled compound added to vial

n d6-25(OH)D3 2,9049E-08 mol

Calculation of moles added to vial from the information provided by IPD

χ Lab 0,52473112

χ Nat 0,47526888

N 25(OH)D3 2,6311E-08 mol

Conc. Nat solution 264,83 ng/mL

This calculations are performed for each replicate and injection and the final concentration value is calculated as the average ± standard deviation.

Injection 1 Abundances



First, the peak areas obtained for each transition are converted to abundances (Ab mix)

Then, the multiple linear regression is performed to obtain the molar fractions of natural and labelled compounds.

As this calculation provides two values that do not comply with χlab+χnat=1, those values are normalized (black box).

Natural Labelled Natural Labelled

0,509230535 0,562235958 0,47526501 0,52473499

0,001250614 0,001324527

0,999994219 0,00096971

This calculations are performed for each replicate and injection and the final concentration value is calculated as the average ± standard deviation.

Linear Regression Molar fractions (χ)



Information provided by linear regression

Nat Lab

 Xnat Xlab

error Xnat error Xlab

R2 error Y

To perform calculations select cells H11:I13, where the results will be shown. (for example)

Copy linear regression formula =LINEST(F10:F13;D10:E13;0;1). (for example)

F10:F13 are known "y" set of data. Experimental abundances in the mix

D10:E13 are known "x" set of data. Abundances in the reference matrix

";0" regression passes through the origin

";1" gives statistics

Press simultaneously "Ctrl" + "Shift" + "Enter" to obtain results

Please, look at the inverted column order to introducing and showing data and calculation results

Linear regression


