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LC-MS/MS gquantitative analysis of Polyunsaturated Omega 3, 6,7 and 9 Fatty Acids in Serum for Research Use

Rory M Doyle*, Thermo Scientific, Inc, 265 Davidson Avenue, Somerset, New Jersey 08873

ABSTRACT Method Accuracy

HPLC Conditions- The accuracy was determined by the analysis of pooled sample control material as the percentage deviation from the
Purpose: An LC-MS/MS analytical method was developed and verified for the quantitation of Polyunsaturated Vanquish Horizon HPLC binary pump, well plate, thermostatted column compartment targeted mean and the results were <15% for all levels in each matrix. The serum pooled control material concentrations
Omega 3, 6, 7 and 9 fatty acids in serum for research use. Simple sample preparation techniques including protein _ were 25 ng/nl and 250 ng/ml. Therefore, the analytical method with the LLE extraction can achieve research laboratory
crash and liquid-liquid extraction were evaluated. A Thermo Scientific™ TSQ Quantiva™ triple quadrupole mass Column: Accucore Vanquish C18, 100 x 2.1 mm, 1.5 pm required accuracy for the analysis of the fatty acids in serum.
spectrometer in negative Electrospray mode with a Thermo Scientific™ Dionex™ Vanquish™ Horizon HPLC system CF"“”_“” Temperature: 20 °C .. Cee
was used, imjection Volume: - 20 L Precision/Specificity
Methods: 200 ulL of serum were used for the analysis of the Omega fatty acids. Various columns were evaluated Needp|e \/\/ashl;3 Flush port (50%Methanol:50%Water) 10 seconds The intra—assay precision (%CV) of the fatty acids in serum were determined by extracting and quantifying three
and a Thermo Scientific™ Accucore™ Vanquish™ C18, 100 x 2.1 mm, 1.5 um with 5mM Ammonium Acetate in Mobile Phase A: 5mM Ammonium Acetate in Water replicates of the_po%Ied sarréple cofntroldmatﬁrlal fozthe LLE Sxtfractlonho;]ly. Thg(;nt(_eL-gsshay_ precision wzli_s determlnecilt
water and acetonitrile mobile phases achieved baseline chromatographic separation in approximately 10 minutes Mobile Phase B: Acetonitrile fr:’ e:h?’ corllseclutn/fe a3|’s dan was ounl to ?Ve; a /;’CV |<15A’ C:_r e?C Thatty fam mt n t|e|_r rTSpeﬁ:’V; Inear Le_mgethor
run time. Quantitative analysis was performed using scheduled reactive monitoring (SRM) transition pairs for each Flow Rate: 0.6 ml/min reeuirreede fg’g;gn ?(?rotr?e zﬁgfrgéimg g?nneroa g?t egii dr:?r?z(;rILIreny.DueeIg ?rrg’sirrilgﬂf ytt)lgt%v:e]?] tr?e 5;?032 flgt\t/e ac? 4s
steroid and internal standard in positive and negative mode and accuracy of the analytical method was verified using Gradient: O min- 40%A:60%B tegte g an% other similar comp())/un ds. there wegre inteyrferences preseﬁt s well as ion sup>|/oression which made obtzilining
pooled reference samples. 6.5 min- 40%A:60%B ’

consistent results and may require a larger diameter LC column.
Figure 1. Chromatograms

6.6 min- 2%A:98%B
9.0 min- 2%A:98%B

Results: Good linearity and reproducibility were obtained across the dynamic range of the fatty acids with a

coefficient of determination R%>0.95 or better for all compounds in the various matrices. The limits of detection and 9.1 min- 40%A:60%B
uantitation were determined to the ng/ml levels with very good reproducibility observed for all compounds. . ' g 0M-DVT0 : i ngm 05:
q g Yg P y P Run time: 10.0 mins D:\Fatty Acid LLe\100ngm 01/20/17 17:05:06
I NTRO D U CTIO N . RT:0.00-9.28 RT: 7.31 NL: 1.70E6
MS an_d |OI’_] Source Conditions- RT: 1.61 RT:2.82 RT: 4.40 RT:5.76 RT:6.57 AA:908109 RT:7.91 TIC MS ICIS 100ngml
Polyunsaturated Fatty acids are a class of diverse chemical compounds that are carboxylic acids with a long Quantiva triple quadrupole mass spectrometer E AN ITT063 N 1371 AAi109282  AA2204 AMETRAD SNSRA4 AR 1Ten
aliphatic chain that are unsaturated that are found in ones diet and have a good and bad physiological impact. There lon mode: Negative Electrospray (H-ESI) Mode REISL = ’W - e s 27501 56 936,55 950, 177 110,177 112
are many different kinds which are active depending on their saturated state and the length of their aliphatic chain Vaporizer Temperature: 350 °C SN: 3350 SDA 231.219-231.221, 257.168-257.170] MS ICIS 100ngml
and can have a significant influence on the body. lon Transfer Tube Temperature: 300 °C ] o -
. i ) ) ) Sheath Gas: 30 AA: 468952 TIC F: - ¢ ESI SRM ms2 301.288 [58.928-58.930, 203.168-203.170,
In this case, we evaluated various columns and solvent combinations as well as simple and easy sample Aux Gas: 15 SN: 1616 EPA 257.221-257.223, 283.219-283.221] MS ICIS 100ngmi
preparation techniques in order to develop an LC-MS/MS analytical method that can demonstrate the S G : 0 : RT;A2_3§ NL: 1.74E4
ChromatO : ' : Y : : ' Weep as. AA: 116773 TIC F: - c ESISRM ms2 277.281 [58.914-58.916, 233.219-233.221,
graphic separation, detection and quantification of Polyunsaturated Omega 3, 6, 7 and 9 fatty acids in Spray Voltage: Negative lon (V):3000V ALA  Snoo1 250.150.250.152. 275.219.575.21] MS ICIS 100ngm
serum for research. The fatty acids analyzed include Omega-3- Alpha-Linolenic Acid, Stearidonic Acid, Q1/02 Resolution: 0.7 (FWHM) R RT%\ZA;3 e
Eicosapentaenoic Acid, Heneicosapentaenoic Acid, Docosapentaenoic Acid, Docosahexaenoic Acid; the Cvcle tim : 0.5 AA: 110933 TIC F: - ¢ ESI SRM ms2 277.257 [58.926-58.930, 233.219-233.221,
. . . . . . . . . . . . . . yC et e (SEC) . SN: 223 GLA 259.150-259.152, 275.221-275.223] MS ICIS 100ngml
Omega-6- Linoleic Acid, Gamma-Linolenic Acid, Eicosadienoic Acid, Dihomo-Gamma-Linolenic Acid, CID Gas (mTorr): 2 E I
Arachidonic Acid, Docosadienoic Acid, Adrenic Acid, Docosapentaenoic Acid; the Omega-7- Palmitoleic Acid, Chromatographic Peak Width: 6 secs AA: 1338967 PMA TIC B - o ESI SRM ms2 260,268 [262.777-262.776] MS ICIS 100ngm
Vaccenic Acid and the Omega-9- Oleic Acid, Elaidic Acid, Gondoic Acid, Mead Acid, Erucic Acid, Nervonic E A
Acid. The sample preparation choices were kept simple and included protein crash and a two step liquid-liquid - INNEZ e e e ] SRV ms? 377257 (56.626-58.930, 177110177 112,
extraction. The methodologies were developed on a TSQ Quantiva triple quadrupole mass spectrometer in positive Table 1. Scan Parameters- SRM Table ; SN: 2A763 DHA 191182191184, 229.150-229.152, 283.221-283.223] MS (CIS
and negative Electrospray ionization modes with a Vanquish Horizon HPLC system with a 10 minute analytical " , RT: 3.10 NL: 1.41E5
) . Precursor Product Collision Energles RF Lens AA: 663852 TIC F: - ¢ ESI SRM ms2 315.288 [217.150-217.152, 271.221-271.223]
gl’adlent Compound POla”ty (m/Z) (m/Z) SN: 2703 HPA MS ICIS 100ngml
3”‘\”‘\”‘\‘”\”‘ AN AR AR R \\\\ﬁ\\\h\\ N L I s L B R B A R R S A R AN RS
MATERIALS AND METHODS SDA-18:4 (n-3) 1.61 | Negative | 2.75.3 231.2/177.1 10/14 88 0 1 2 3 4 5 6 7 : 9
Time (min)
EPA‘205 (n ‘3) 2.21 Negatlve 301.2 257.2/203.2 14/10 99 D:\FattyAcid LLe\100nng 01/20/17 17:05:06
Standards ALA-18:3 (n-3) 2.33 | Negative | 277.3 | 275.2/259.2/233.2 18/17/15 94 T 000-928
The following analytical reference standards and Internal standards were obtained from Cayman Chemical . N b ot sk ms _
Company A?m Arb%r v Y GLA-18:3 (n-6) 2.47 | Negative | 277.3 | 275.2/259.2/233.2 17/14/14 94 AN 333554 A ;ggjés_zgglf3§M259?2§23§;?2[§§;g@gggﬁg&223] vs
’ ’ ICIS 100ngm
PMA-16: (n-7) 2.81 Negative 253.3 252.8 10 99 : Ee/% 3.71 NL: 9.01E3
_ AA: 50577 TIC F: - c ESI SRM ms2 279.300 [278.779-278.781] MS ICIS
Omega-3 S DHA-22:6 (n-3) 292 | Negative  327.3 283.2/229.2 10/14 92 ! s LA L00ngm
Alpha-Linolenic Acid (ALA): 50 mg Alpha-linolenic Acid-D14: 100 ng : e L. 56364
Stearidonic Acid (SDA): 1 mg HPA-21:5 (n-3) 3.10 | Negative | 315.3 271.2/217.2 14114 95 DPA  Ghisee? 231210251 221, 285210585, 251] MG IGIS 100ngm
Eicosapentaenoic Acid (EPA): 50 mg Eicosapentaenoic Acid-D5: 50 ug AA-20:4 (n-6) 3.46 | Negative | 303.3 259.2/205.2 13/15 93 . o - o
Heneicosapentae_noic_Acid (HPA): 1 mg Heneicosapentaenoic Acid-D6: 25 ug LA-18:2 (n-6) 371 | Negative 279.3 278 8 10 96 e DGLA %E%%%EE;2@%@?_@3‘1@%@?}5’2%%%‘_333%%3_281] -
Docosapentaenoic Acid (DPA): 1 mg _ ] S D N 9_25;
Docosahexaenoic Acid (DHA): 50 mg Docosahexaenoic Acid-D5: 50 nug DPA-22:5 (n-3) 4.35 Negative 329.3 285.2/231.2 14/15 98 ARI596253 o 6 TIC O ESI SRMme2 320088 [231.219.231.221,
DPA-6-22:5 (n-6) 4.65 Negative 329.3 285.2/231.2 13/15 93 B A
Omega—6 RT:5.11 NL: 1.22E4
. . : TIC F: - ¢ ESI SRM ms2 305.342 [58.928-58.930,
Linoleic Acid (LA): 50 mg Linoleic Acid: 500 ug DGLA-20:3 (n-6) °.11 Negative 305.3 287.2/261.2 19/16 97 - éﬁ;%lo Mead fcﬁé.ig(l)-nzgenlﬂ.zzs, 287.221-287.2[23, 303.279-303.281] MS
Gamma-Linolenic Acid (GLA): 50 mg Mead-20:3 (n-9) 5.89 Negative 305.3 287.2/261.2 18/15 99 ) RT: 7.20 NL: 4.77E5
. . . .. Oleic 211_61-%5744 éﬁ 523849 Ll)%anmlc ESI SRM ms2 281.318 [280.777-280.779] MS ICIS
Eicosadienoic Acid: (EDA) 20 mg | S Oleic-18:1 (n-9) 6.34 | Negative| 2813 280.8 10 94 - S o2
Dihomo-Gamma-Linolenic Acid (DGLA): 10 mg Dihomo-Gamma-Linolenic Acid-D6: 100 nug _ _ — RT 7.20 NL: 4.69E5
Arachidonic Acid (AA): 50 mg Arachidonic Acid-DS8: 1 ug Vaccenic-18:1 (n-7) 6.57 | Negafive | 281.3 280.8 10 95 Vaccenic N 1078 Toomgmt e 261,265 [260-TT-280. 775 M HE
DOCOS&dienOiC ACld (DDA) 1 mg Elaidic-18:1 (n-9) 7.20 Negative 281.3 280.8 10 98 3012345ﬁ;mmh7ﬁ:>§ﬂ89
Adrenic Acid: 10 mg Adrenic- 224:4 (n-6) 7.13 | Negative | 331.2 287.3/233.2 15/10 100 DilFaty Acid LLetL00ngm! Time (nf##f20/17 17:05:06
Docosapentaenoic Acid (DPA-6): 1 mg _ RT: 0.00 - 9.28
EDA-20:2 (n-6) 7.31 Negative 307.3 306.8 10 99 RT: 7.20 NL: 4.67E5
- P E AA: 4165781 TIC F: - ¢ ESISRM ms2 281.330
Omega-7 S Gondoic-20:1 (n-9) 7.65 | Negative | 309.3 308.8 10 95 100 Elaidic snies3 [260.777-280.779] MS iCIS 100ngmi
Palmitoleic Acid (PMA): 100 mg Palmitoleic Acid-D14: 100 ug Oﬂ o
Vaccenic Acid: 50 mg DDA-22:2 (n-6) 7.73 Negatlve 335.3 334.8 10 100 5;7138529 _II\_I:E: IP;.:B—lcEéSISRM ms2 331297
. ) 100 Adrenic SN: 81 [233.219-233.221, 287.293-287.295,
Omega o] Erucic-22:1 (n-9) 8.17 Negatlve 337.3 336.8 10 107 % J\ﬁ?ﬁO 313.221-313.223] MS 100ngml
i 0 RT. 731 NL: 1.70E6
Oleic Acid: 500 mg Oleic Acid-D17: 1ug Nervonic 8.78 Negative 365.3 364.8 10 107 AA: 3843817 TIC F: - ¢ ESI SRM ms2 307.300
. : 100 EDA SN: 6415 [306.777-306.779] MS ICIS 100ngml
Elaidic Acid: 50 mg E I
Gondoic Acid: 100 mg 0 “RT.7.65 NL: 8.03E5
_ ' _ _ MA: 1615952 TIC F: - ¢ ESI SRM ms2 309.349
Mead Acid: 1 mg Mead Acid-D6: 100 pg RESU LTS 10? Gondoic SN: 2 ol ad [308.777-308.779] MS 100ngm
Erucic Acid: 50 mg 0 w;% A |
N ic Acid: 100 Table 2. Sensitivit 21':71'2’332169 'II\'II|E2 |5:.:1—80EI,E58ISRI\/I ms2 335.349
ervonic Acid. mg ' y- 10(? DDA SN: 4464 [334.777-334.779] MS ICIS 100ngml
N
Reagents : LLE- 0 RT.8.17 NL: 2.55E5
Th J . . SR Protein Crash Underiatized . AA: 1752624 TIC F: - ¢ ESI SRM ms2 337.379
e following Fisher Scientific™ acids, reagents and solvents were used Compound LOD/LO Erucic SN: 333 336.777-336.779] MS ICIS 100ngm|
P Q LOD/LOQ 100
HPLC grade Water Hexane (ng/ml) Oﬂ ngligﬁ
itri (ng/ml) NL: 9.67E4
Methanol Acetonitrile SDA.18:4 (1.3 125 0.95/0.5 Nervonic TC F:- o ESISRMms2 366288
. . . - . - . . . 364.777-364.779] MS ICIS 100ngm
Ammonium Acetate Sodium Hydroxide (n-3) 100 | [ | ’
Hydl’OChIOHCACid EPA'20:5 (n'3) 10/25'|nter 0.25/0.5 0(\)‘“\“‘\‘“\“‘\“‘i“‘\“‘\“‘\‘“\‘“2\‘“\“‘\“‘\“‘\“‘:\3"‘\“‘\“‘\“‘\“‘4\1“‘\“‘\‘“\"‘\‘“é‘“\“‘\“‘\“‘\“‘é“‘\“‘\‘“\‘“\‘“7\‘“\“‘\“‘\“‘\“‘é“‘\“‘\“‘\‘*‘\“‘é“‘\‘
ALA-18:3 (n-3) 25/50-Inter 1/ 2.5 Time (min)
Sample Preparation- Protein Crash GLA-18:3 (n-6) 10/25--Inter 5 5/5
e 200 uL of Serum/BSA mixture calibrators, controls and serum sample were added to 1.5 ml eppendorf tubes and PMA-16: (n-7) 10/25-Inter 1/ 2.5

20 ulL of fatty Acid ISTD at 1000 ng/mL were added to each tube and vortexed briefly
L . : : : . DHA-22:6 (n-3) 5/10-Inter 0.1/0.25
e 400 uL of Acetonitrile was added to each tube and vortexed for 1 min prior to centrifugation for 10 minutes at

13000 rpm HPA-21:5 (n-3) 1/ 2.5 0.1/0.25 CONCLUSIONS

« The supernatant was transferred to an MS vial and 200 uL of water was added to each vial and capped. AA-20:4 (n-6) 25/50-Inter 0.5/1
« All in-house calibrators were prepared in drug-free serum and bovine serum albumin mixture (Golden West LA-18:2 (n-6) Interference 5/10 . Bas_eline separation of the omega fatty acids with good LOD/LOQ was achieved in serum for most of the compounds
Biological, Inc., Temecula, CA) DPA-22:5 (n-3) 25/50-Inter 1/ 2.5 but interferences were present.
: . : DPA-6-22:5 (n-6) 1/ 2.5 0.25/0.5 « Simple LLE sample preparation achieved desirable LOD/LOQ to the relevant levels with further work to be carried out
Sample Preparation- quu.ld-quuu?I Extraction DGLA-20:3 (n-6) 25/50-Inter 5/10 to fine tune these techniques to obtain more sensitive results and to remove the interferences and achieve better
fatty acid at 1000 ng/mL were added to each and vortexed briefly Mead-20:3 (n-9) 5/10 1/2.5 - o _ . o _
e 400 uL of Acetonitrile:6N Hydrochloric Acid (90:10, v:v) was added to each tube and vortexed briefly and then Oleic-18:1 (n-9) 10/25-Inter 5/10 ) Goqd Imeantyoof ca(l:braﬂon CUrves \.N't.h acceptable accuracy, brecision and_ re_produ0|b|l|ty In negative mode was .
heated at 100°C for 45 min v o181 (7 - torforen 10/25 achieved <15% for %CV for the majority of the omega fatty acids within their linear range and the sample preparation
_ _ _ accenic-18:1 (n-7) erierence techniques and analytical methodologies will be further extended, verified and optimized to obtain results than can be
e 400 pL of Methanol:10N Sodium Hydroxide (90:10, v:v) was added to each tube and vortexed briefly and then Elaidic-18:1 (n-9) Interference Interference achieved by GC/MS.
o :
:Eated at |100 C f(r)]r 45 m'”_d_f_ it 200 . of 6N Hudrochorie Acid Adrenic- 224:4 (n-6) 2500/5000 2.5/5
e sample was then re-acidified wit uL o ydroc o.rlc .CI | | | EDA-20:2 (n-6) > B/5-Inter > B/5-Inter REFERENCES
4 ml of Hexane were added to each tube and vortexed for 1 min prior to centrifugation for 10 minutes at 13000 :
Gondoic-20:1 (n-9) 5/10-Inter 1/ 2.5-Inter : . : : : : . o
rpm _ 1. LC-MS/MS analysis of plasma polyunsaturated fatty acids in type 2 diabetic patients after insulin analog initiation
 The upper organic layer was transferred to a new test tube and dried down under nitrogen at room temperature DDA-22:2 (n-6) 2.5/5-Inter 1/ 2.5-Inter therapy
« The extract was reconstituted in 200 uL of water and methanol (100 pL of each) Erucic-22:1 (n-9) Interferences 25/50-Inter Lipids in Health and Disease201312:169
« The supernatant was transferred to an MS vial and capped. Nervonic 10/25-Inter 2.5/5 Mutay Aslan et al
2. Fast, Sensitive, and Simultaneous Analysis of Multiple Steroids in Human Plasma by UHPLC-MS-MS
The calibration curves ranged from 0.1 ng/mL to 5000 ng/mL and various pooled samples were used as control : : Coe LCGC, Mar 1, 2015, Pg 186
material, Linearity/Sensitivity Mikael Levi, et al
_ The linear range of the fattytty acids in serum/BSA matrix was from 1 ng/ml to 5000 ng/ml with the LLE extraction only.
Data Analysis The linearity was determined in triplicate over 3 days and the results are shown with LOD and LOQ being determined TRADEMARKS/LICENSING
The software used included for this method included the Thermo Scientific™ Xcalibur™ 3.1 SW, Thermo as 3:1 and 10:1 of signal to noise respectively where possible and the mean coefficient of determination (R2) > 0.98 © 2017 Th Fisher Scientific Inc. Al righ 4. All trad . H £ Th Fisher Scientific and
Scientific™ TSQ Endura Tune™ 2.1 SW, and Thermo Scientific™ Tracefinder™ 4.1 SW for each matrix and the %CV for each calibration point were all <15% only for the LLE extraction. Too many ermo Fisher Scientific Inc. All rights reserved. All trademarks are the property of Thermo Fisher Scientilic an

its subsidiaries. This information is not intended to encourage use of these products in any manner that might infringe the
intellectual property rights of others.

For research use only. Not for use in diagnhostic procedures. Thermo FiSher
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interferences in the PPX extraction prevented the determination of the linear range as expected since there are a lot of
lipid compounds present.
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