HT QUANTIFICATION FOR A DRUG MIXTURE IN RAT PLASMA: A COMPARISON OF UPLC"/MS/MS AND HPLC/MS/MS
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INTRODUCTION

» One major application of the tandem LC/MS analysis is + This work demonstrates the advantages in quantification
quantification. An optimum quantification protocol requires a analysis by systematically improving both LC and MS.

QUANTIFICATION RESULTS

UPLC/MS/MS HPLC/MS/MS

THE COMPARATIVE

Higher Speed

ADVANTAGES OF UPLC"/MS/MS

fast LC separation with sufficient MS analysis in order to + In LC, an analytical method was developed for a 5 drug UPLC MRM Chromatograms The Effect of MS Dwell Time
obtain good linearity and low limit of detection. mixture with the Ultra Performance LC™ (UPLC™). To put 9 HPLC MRM Chromatograms . Faster separation was obtained by the ACQUITY UPLC™ Alprazolam in Rat Plasma, 10 ng/mL, 5 ul Injection0
+ Major challenges in achieving an ultra-sensitive quantification things in perspective, similar experiment protocol was also T o rate since the UPLG™ system can withstand up to 15,000 psi 100 ms Dwell Time, 10 ms Delay pose Aren = 16751

protocol include matrix interference, limitations of LC/MS performed on the traditional High Performance LC (HPLC), 01

. y 2.4s, 20 points Ibuprofen ES- . Ibuprofen ESI- — Smaller system volume (150 pL) 0.63 eak Width = 1.8 s
system such as column efficiency, system VOI_Ume, system and the Comparatlve advantageS of the UPLC™ js o/% fk 205.1>161.3 4.8s, 22 points 2.27 zous'.)‘lrc;e’lréts - It;l('izdczgngt?\:\;vr@ ﬁ'ﬁﬂ'&ergﬁiﬂgiséiﬁzeH%J)“m) plus innovated chemistry (the Comvertthe x axie I :oi’:;NATr:s::eakﬂ
back pressure etc., as well as the data collection speed and demonstrated. — S — %é As a result, UPLC™ peaks are narrow (usually about half the peak width of to scan number
the stability of the MS. *+ InMS, anag/tes eluting from LC were detected by Waters 067 245,17 points Aprazolam-DIESH ° "4.25, 17 points ' 1oo  Alprazolam.D5 ESt the HPLC separation under similar protocols) typically about 2 second % %

+ Improvement in LC/MS/MS quantification relies on either to Micromass® Quattro Premier™ triple quadrupole mass % i 314.1>286.3 . : N o .
h . e . ; Iy . %é }\ The narrow UPLC™ peak demands shorter cycle time in MS/MS detection
improve LC Separat|0.n (C0|umn eff|C|ency, peak Cap.a(.;r[y, spectrometer._ The innovated T-Wave CO”ISllon cell in the 0 T w w AR T Aprazolam ESH o ‘ ' ‘ ' ‘ ' ‘ ‘ — Proper iRte gtion IEor quantification purpose requires minimum of 15 data point T m Py o 7a T Time *TTo0 105 110 115 120 125 130 "
system volume etc) via increasing the separation efficiency, Quattro Premier allows an analytical dwell time as well as the 0.69 2.4s, 17points Alprazolam E 4.8, 20points 200 Alprazolam Esis ) Theaccyrzls: ttirﬁe oK o e the summation of the duwell fimes for all T e
improving column chemlstry as well as reducmg column !nter'Channel delay tobe aslowas 5 ms. In addltlon, the %§ J‘L %é k ’ ' ions of interest plus the inter-channel delays as well as the inter-scan delays Peak Area = 16262
dimension and/or particle size, or to improve the data inter-scan delay is reduced down to 20 ms. 0 BaaE AR AASRARp . B B § U — The shorter the cycle time, the more challenging to the MS in terms of stability, 063 063 PeakWidth18s
acquisition rates in the mass spectrometer inati ™ Wi i 0.53 24s, 17 points 235 18 4.85, 20 points Naproxen ES}- and sensitivty Points Across Pesk = 60
q p . * The combination of the UPLC™ with the Quattro Premier 229.3>185.2 68, 20 p 1.75 229.3 > 185.2 + Demonstrating here on the left is the effect of the MS dwell time. The Convert the x axis
enables the analytical quantification to be performed at higher % L " detoction. only 7 Gat pOIS werd obiained aEr0ss ih6 poak. inauffcient for ] Y
speed with increased sensitivity, negligible carryover and solid 0.54 2.45,17 points Prednisolone ESI+ 0 ‘ T ' ‘ ' Prednisolone ESH+ quantification. However, if 5 ms dwell time was used, 60 data points were
robustness. 361.1> 3435 4.8s, 20 points 1,68 361153435 collected across the peak, far more sufficient for quantification.
Ove rvi ew %§ J\ %% A ’ ) * The signal intensities were unaffected by the change of the dwell time. o e — g Time 100 1500 1500 1a0g " Scan
* LC-MS/MS f - Model Analyte st seedteons et Ts2poms 150 Diphennydramine ESie Increased Sensitivity
- , " : 256.3 > 167.1
C-MS/MS for 5 drug mixture A% k _ %% k 10 na/mL Standard Injecti + Showing on the right is the comparison of the detected signals from
, HiC N N AL D Time ngimL Standard fnjection UPLC/MS and HPLC/MS/MS
- Comparlson of UPLC/MS/MS vs. HPLC/MS/MS CH—O— CH,CH,N(CH,) //\N 025 050 075 1.00 125 150 175 200 225 250 275 0.25 050 075 1.00 1.25 1.50 1.75 200 225 250 275 - With the same column loadin (810 ng/mL at 5 p,’b? a significant signal increase
O B 3l2 N\g S H It P I 't S 't h H was obtained in UPLC™/MS/MS vs. the HPLC/MS/MS
Diphenhydramine, 255.8>167.0, ESI+ Ibuprofen, 205.0>160.9, ESI- N
O \ I m u a n eo u S 0 a rl y WI C I n g » The chromatograms with blue labels were the LC results for
] diphenhydramine
* Simult Polarity switchi A | | P ESh dotect
Imultaneous Folarity switching . . « For UPLC/MS/MS, the total cycle time was 110 ms + For HPLC/MS/MS, the total cycle time was 220 ms etection o _ _
_ . s Sl | . S [?Ilz):;r;lgdramme MW 255 — ESI+, dwell time was 5 ms each for all ions — ESI+, dwell time was 20 ms each for all ions ol Pesk Heght= 472003 o beak Hoight = 726 - SgTCP%';ed with HPLC, the signal increased 3.76 times was observed in the
AnalySIS by both ESI+ and ESI-in a Slngle InJeCtlon [147-24-0] O — ESI-, dwell time was 20 ms for ibuprofen, and 30 ms for naproxen — ESI-, dwell time was 30 ms for ibuprofen and 50 ms for naproxen 1.59 « The chromatograms with red labels were the LC results for Ibuprofen
— Inter-channel delay was 5 ms — Inter-channel delay was 10 ms L 228 — ESI- detection
- Inter-scan delay was 20 ms — Inter-scan delay was 20 ms 0 T T 1 et SPRINY/ T - Sgrlljgz;;ed with HPLC, the signal increased of 9.97 times was observed in the
e H ' Alprazolam MW 308 . i i i i o - : H ; _ 051 0.77
®* Quantification perfOrmed in crashed Rat Plasma o) [25981-97-7] ste}Pckig/M%/yaSr%zﬁftgggl V}’iig? rpe(asifj?t;mo?‘dbmlfghEséﬂug?]r(]elggIS- svoelfemy ;maecs%llee (Eiﬁeerence in the MS/MS detection for the UPLC vs. the HPLC is uPLC™ uPLC™ + Possible contributing factors for the signal increase in UPLC™ include
- . .. . . obtainediith a single’inject)i/on 4 . — Narrower LC peak width due to the reduced system volume of the ACQUITY
- Complete quantification limits defined for both g;;:';?'me MW 360 + The UPLC peaks are about half the width of the HPLC peaks. ] UPLC 5 well a5 the smaler partc size in the columin (17 um for UPLC vs.
-24- it = % ‘ot = :
U PLC/M S/MS and HPLC/M S/MS Peak Height = 1778710 Peak Height = 726.1 — Shorter retention resulting in less sample dilution and dispersion during the
chromatographic elution. Samples entering MS detector were more
m—clzu—coou HC > hen,c _<:>_(|.:H—COOH

H 1 ) concentrated in UPLC compared with HPL
H P LC Cal I bratlon C u rves R S T R = ‘ - Time * The scale of signal increase was compound dependent

0150 ‘ 1‘.00 ‘ 1i50 ' 2‘.00 ‘ 2‘.50
Signal increase 9.97 Times in UPLC™

UPLC Calibration Curves

H;CO CH, HyC” CH,
3 Injections per Concentration

Ibuprofen MW 206
[15687-27-1]

Signal Increase 3.76 Times in UPLC™

* Complete method evaluation for UPLC/MS/MS
- System robustness and carryover in crashed rat plasma

Experimental Conditions

3 Injections per Concentration
Naproxen MW 230
[22204-53-1]

Prednisolone, 361.1>343.5, ESl+ Ibuprofen, 205.2>161.3, ESI- Prednisolone, 361.1>343.5, ESH+ Ibuprofen, 205.2>161.3, ESI- 200 ng/mL Standard Spiked in Rat Plasma

System Robustness

Calibration curve 10.6777*x+ 19.551 Calibration curve 7.04114*x+ 6.18219

Prednisolone, External Calibration
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. X . ) * The system robustness experiment was performed over the period of 24 30921 > 28119
g ngm Response type: External Std., Area Response type: External Std., Area h H oA k 024
U PLC Cond |t|ons H PLC Cond Itlons Curve type: Linear, Origin: Exclude, Weighting 1/x, Axis trans None Curve type: Linear, Origin: Exclude, Weighting 1/x, Axis trans None hourr\?a\tN:)tl: Str:i L?;I:Il/vmg injection sequence s Retention Time ?ggrRobusmessom et
. . 10747 7475 - 4497 7 4622 7 — Standard rat plasma solutions with concentrations low to high (1.0, 10.0, 100, 14 | N=300 % Peak Area = 43516
+ Waters ACQUITY Ultra Performance LC ™ System (UPLC™) * Waters Alliance HT solvent managing system and 1000 ng/ml) O S
® — Rat plasma blan H 0
» Waters ACQUITY Ultra Performance LC™ Column: Waters Xterra Column o — QC samples at 200 ng/mL was injected after the above sequence was run 3 &' 24HRobustness0513324 ezt
o — 2.1 x50 mm, 3.5 uL, 40°C times. 300 injections were made " B REDT=BHH
— 2.1 x50 mms, 1.7 um, 40°C — Reverse phase C, particles " | N | - Rat plasma blank 1 e %
— The Bridged Ethane-Silicon C,4 particles (BEHC,;) « Injection Volume: 5 uL Response-| Response.| esponse esponse - Ste:jn?g(r)c(j) rat/pl?jma solution with concentrations low to high (1.0, 10.0, 100, 129 57 85 113 141 169 197 225 253 281 Poak Area = 4435.2
. i . ani ng/m Injection No 0 Time
. - - -
Injection Volume: 5 uL . Fl : 2= R2= 0.993 R2=0.994 Rat plasma blank
) ow Rate: 0.6 ml/min R?=0.995 . . . . o
« Flow Rate: 0.6 ml/min ) - Th|sl sequence was also run 3 times fafter the 309 QcC |njelct|on was completed Detected peak Area
— Back Pressure at about 3000 psi + The calibration curve shown on the figure consists 6 points at each 10000
— Back Pressure at about 11,000 psi e ; L N — concentration level o a0 |_N=300
o ] P — No splitting for MS detection 0 Frrrrr e ngiml. 0 e P MgmL 0 200 400 600 800 1000 0 200 400 800 800 1000 ~ 3 points before the 300 QC injections § oo
— No splitting for MS detection « Mobile Phase 0 200 400 600 800 1000 0 200 400 600 800 1000 . . - 3 points after the 300 QC injections 3 PSPy Response|
Mobile Ph . Standards were spiked into crashed rat plasma * For the whole experiment, the above sequence was run 3 times. 5 — The signals were indistinguishable before and after the QC injection indicating § oo
* Mobile Phase — 10 mM NH40Ac at pH 5.0 in 20% MeOH (A) Rat ol hed with acetonitrile at 2/1 ratio (2 AcNA rat calibration curves were obtained in the end the stability of the system = _ _ o 00 I ReD% = 461% Re=0.997
10 mM NH40Ac at pH 5.0 in 20% MeOH (A — Rhalplasma was crashed with acetonitrile a ratio (2 AcN/1 ra _ 3 calibration curves from ESI+ analvsis + The two chromatograms shown in the figure were the very first QC injection 0
- m catp AN o Me (A) — 10 mM NH40Ac at pH 5.0 in MeOH/Acetonitrile at 80/20 (B) plasma) . . y. on the top and the very last QC injection on bottom 1% 69 105 137 471 205 299 273 B e
: fren — After virtex, centrifuged at 12000 rpm for 15 minutes in 4°C — 2 calibration curves from ESI- analysis _ Consistent peak shape and peak area indicating the stability of the system Injection N o
— 10 mM NH4OAc at pH 5.0 in MeOH/Acetonitrile at 80/20 (B) . Gradient: ! i nior Ao T ) a ! ] ) ) p p p ¢ y y et
Gradient: ' ~ Supernatant was diluted with water in 1:1 ratio » « This experiment protocol resulted in a 13 point calibration otatRun Timo = 24 Hours
radient. — 20% B hold for 0.2 minute then to 80% B in 1.8 minute - git;réﬂsrﬁ]t‘ga&s/mgmg‘?yg'esn?"“ted supematant and injected — Each concentration point consists of 3 injections
— 45%B to 50% in 0.4 minute _ Hold at 95% B for another 0.2 minute - The injection sequence was the following — Alprazolam was based on internal calibration (Alprazolam-D5 as the internal .
. _ : e was standard) Negligible Carryover
— Hold at 95% B for another 0.1 minute Total ti 5 minut — Rat plasma blank (3 injections) .
: : — fotalruntime was > minute — Standard rat plasma solution low to high concentration (0.1, 0.2 — All other 4 compounds were based on external calibration
— Total run time was 2 minute MS C d -t- 0.5, 1.0, 2.0, 5.0, 10.0, 20.0, 50.0, 100, 200, 500, 1000 ng/mL) * Three levels of QC results were obtained 1000 ng/mL, Rat Plasma Plasma Blank s .
L . . d lasma Blanl
On | |O nS - Fat p(l)aémBa blank (3 injections) — Low QC at 2 ng/mL, med QC at 20 ng/mL, high QC at 200 ng/mL ApLopramarmiot o Neproren £ UpLcPramureto2 s tnen . Th?: Isequelncek of injections were as the following
H ; ; : — Low injections ; At i 5.68e5 60065 —
« Waters Micromass Quattro Premier triple quadrupole MS » Desolvation Temperature: 400°C _ Rat p|asr$wa bJIank 3 i)njections) — Each QC level consists of 18 injections ";E ﬁ o Sf"srd”a f} ant | lution iniecti ith tration from low t
izati . i . ; g + The calibration curves for both UPLC/MS/MS and HPLC/MS/MS were S S E— . — >tandard rai plasma solution injections with concentration Irom jow 10
* lonization Mode: ESI+ and ESI- » Desolvation Gas Flow: 800 L/Hr — Mid QC (6 injections) ; P RiprazeramD5 ES+ o 16093 high (the concentration sequence was 0.1, 0.2, 0.5, 1.0, 2.0, 5.0, 10.0,
PP constructed in the similar manner 151 4o 60008
- Capillarv Voltage: 0.5 kv « Cone Gas Flow: 50 L/Hr — Rat plasma (3 injections) : . . 1 10 20.0, 50.0, 100, 200, 500, and 1000 ng/mL)
piiiary ge: L. : — High QC (6 injections) » Showing here are examples of calibration curves, one for ESI+, one for % A ;] — Plasma blank
* Source Temperature: 130°C * Collision Gas Flow: 0.23 L/Hr (Collision Cell Pressure at 3.2e-3) - Ratplasma ESI- T T e Rpragam e T sar
. L : R H 100 5.51e6 10 6.0065 . . . . .. .
S The complete quantification results are listed in tables below Z% ’ % « Showing here in the figure are from two consecutive injections
% Experiment Setup - c:imasslymdasmsmixhplc050704. protacqudbiasmsmix050704. exp ['__lf'Elr‘S_q The standard solution at the highest concentration (1000 ng/mL)
Fle Edit Options Toohars Functions —_ = R - . - s e i e L Maaaas 0 T T —
il di i Ik i H - L] H = E Ibuprofen ES- 314.21 > 286.19 i A N L .
Ole(ul@|| | @(x|a|¥| B e (B (@ e |G o B o |Bvesion B ness con B swey | = Ef Sy e P UPLC Quantification Limits HPLC Quantification Limits 1o e 1855 10 so0es — The rat plasma blank injected immediately after the injection of the
TP T8 60| ; 1 2 s D=3 @|%|alv| B vsson B s @ e [B omsners (B pwems | . k * highest standard solution
framsten Tl Run Tine 300 6| 1 ] i anns AlprazolanzgiDiphenhydraminely{iRrednizclonsiyijibuprofeniyiiNaproxen Alprazolam | Diphenhydramine | Prednisolone | Ibuprofen | Naproxen o il e e 10 o s
& MR o1 2 pars, e 0 010 300, 5 TTTeTa] Dinear | 07— 7000 07 =200 > 7000 07 —7000 1T —7000 T 037000 57300 =000 00— 57000 w Zj * No detectable carryover from rat plasma was observed for all
‘ : P M SSU— P EN—— — analytes of interest
Range ng/mL ng/mL ng/mL ng/mL ng/mL Range ng/mL ng/mL ng/mL ng/mL ng/mL ° 128 Dlphenhydran;ll;:eEsSQ- “ 255489 > 16707
Function:1 MRM Function: 2 MAM (] B Function:1 MRM Function: 2 MRM (%] R2 0.998 0.998 0.996 0.995 0.999 R2 0.998 0.996 0.993 0.994 0.991 ;% k :L
Chaninels Channets lv‘halhndl o = Charinels Channels iv‘lethoc: o — Slope 0.109 5249.22 10.68 7.04 2.21 Slope 0.0090 4903.31 4.48 4.62 0.939 A Time T T e repeeeyeree Time
Barent Daughter  Dusel LCone Call Ensray Barent Daughter  Divell Lone Coll Epergy prization Peds - Barent Daughtsr  Del Cone Call Energy Parert Daughter Dl LCone Call Ennergy enization Made -
[m/2) (m/2) (Secs) [volts] (V) [rn'z) [rn/'z) (Sees) [Valts] () Inter-Channel Delay [0.005 (m/z) [m#z] [5ecs) [¥olts] () [m/z) (L] [5ecs] [olts] (L] Inter-Channel Delay [0.01 LOD 0.0136 0.025 1.642 0.0847 0.541 LOD 0.0806 0.116 2.102 0.852 4.22
| | | [ | | | [ | | Inter-Scan Delay 002 | [ [ [ [ “ | | [ [ Inter-Scan Delay  |0.02
35 89 167 07 T o005 16 00 15,00 205.09  160.93  0.020 16.00 7.00 Repaats 1 255 89 167.07  0.020  16.00  15.00 20500 160.93 0.030  16.00 7.00 Repeats 1 Loa 0.0828 0.150 9.852 0.508 3.246 LoQ 0.483 0.696 12.61 5.112 25.32
305 28 28111 0005 4500 2600 229.32 18455 0.0 1300 800 Co— i 21 2ee 13 0o ason 2700 S R [C— Low QC
g8 mar Do smmy e Ky waoEmp Mmoo &b g . RSD% | 342 L 7.92 7.02 oW pspy, | 477 at0 | — | — | — ficat i
. . se Tune Cone Settings [~ Use Tune Cane Settings 2 ng/mL 2 ng/mL Quantification methods for a 5 drug mixture were developed for +  The system robustness for UPLC/MS/MS was demonstrated
I Use Tune Coll Eren [ Use Tune Coll Eren HPLC/MS/MS and UPLC™/MS/MS
_ _ ¥ _ * Bias% -0.5 471 | e 0.315 2.735 Bias% 9.5 215 | e | e | e an . ) ) — For 300 injections of QC sample in cashed rat plasma over 24 hours, the
Fiatention ‘window [Mins) Retention Window [Mins) — For HPLC/MS/MS, 3.5 orders of magnitude of linear range can be obtained . . o, o o, o
H H 5 o H 5 o Med QC For UPLC™/MS/MS, 4 orders of magnitude of linear range can be obtained retention time RSD% was 0.21%, the detected peak area RSD% was 4.61%
MRM Data Monitori g for UPLC E'lad" o MRM Data Monjt ring for HPLC E“ad" — 20 ngimL RSD% 1.39 5.63 10.21 6.30 6.95 ;"oe:g?nfl_ RSD% 254 6.01 2113 12.11 15.36 ' 9 9 for a externally calibrated compound
En En .
Bias% 255 8.0 18.8 -1.05 4.10 Bias% 535 15.9 8.30 14.7 3.15 The improvement of speed and sensitivity of UPLC/MS/MS vs. * The carryover for UPLC/MS/MS was studied
- - i ) ) ) ) ) tas’ e s B o s HPLC/MS/MS was demonstrated — For t_h_e 5 compounds that were tested in this study, the carryover was
Add ‘ | ciaran | &dd | Ciear 4 | Frobe Temp 4dd | | oo | add | CearAl | Frche Temp High QC RSD% 1.20 5.44 592 3.74 2.99 High QC RSD% 266 303 5.98 6.23 9.95 — For the same column loading, the signal increased up to 10 times in UPLC vs. negligible
200 ng/mL 200 ng/mL ’ ’ ’ ’ ’ in HPLC
oK. Cancel ok Cancel Bias% -1.09 155 10.1 8.75 0.245 Bias% 268 161 0.35 7.70 141 — The scale of sensitivity improvement was compound dependent 720001304EN
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