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INTRODUCTION S e Typically MS/MS provides very important information. But

sometimes the metabolites of interest are of very low concen-

\ -
Over the years we have seen many developments on the ) A/L(\i/ \ /m ) : X m fra’rior\. To be gble TQ run MS/MS there is a need to increase
hardware and software for the mass spectrometers that has o v o the 3|gno|/n0|§§ rafio in the mass detect.or.- Here, another
allowed the users to benefit from lower levels of detection and ; i e mode of acquisition is used, unique to this instrument EDC
ease-of use. One area in which development pace has been I S (Enhanced duty cycle) in which the TWAVE collision cell
slower is in HPLC. Improving the chromatographic resolution h : P ‘_:::‘m o shapes the ion beam info packets of ions. The ion packets
will allow us to obtain superior separations with high peak o - : 1y o - - g are then released from the collision cell at certain intervals
capacity, thus reducing co-elution of metabolites and also e with the pusher of the oa-Tof, synchronised to operate as the
enhance the sensitivity in the MS system but reducing ion HO\QO/\/rO s ion of interest enters the extraction region. By increasing the
suppression. Having better chromatographic separations will & ;‘ W duty cycle to 100 %. this can be used in MS and MS/M_S
not only help to detect more metabolites which were co-eluting . c Car epae 0 P ) mode. For this work it can be observed that when using this
before but also to reduce ‘ion suppression’. To investigate this 0 agemite | : :ZHt mc.>de of operg’rion (Figure 5) a 10-fold higher signoll was ob-
we have employed an Ulra Performance Liquid E—— N tained, especially for the peak at 2.5 minutes which could
Chromatography system (UPLC™). By the use of this o i ' it clearly be detected.

technology, it will allow us to run faster and separations with I ;° ) - *gljjgitu

excellent peak capacities for very complicated biological RN I LR IR IERE: e .

matrices. IEIJ'his instfument has beczn couI?Jled to a h)?brid - o Enhanced Sensitivity and EDC

quadrupole-TOF mass spectrometer (QTof Premier ™). In order =%

to show the potential of this particular development, we will 0 e Midazolam 15min 10uM mode EDC

show the results from the analysis of a number of marker @’NH - \ . Jos. RIS ERL
compounds Midazolam, Phenacetin, Diclofenac, Diazepam £ . Z: N - o
and all drugs mentioned incubated as a cocktail. The Do B o L EDC on

substrates were incubated at 2uM using rat hepatocytes. ;m H
The full scan TOF-MS sensitivity allowed very good levels of g
detection for all samples analyzed with exact mass and S -
excellent semi-quantitative properties. The run times for each i S
sample were 5 minutes in comparison with a typical run time
of 20 minutes when the same experiments were carried out
using HPLC. No difference in the CL,, of parent compounds
and their metabolites formed was observed when incubated

individually or as a cocktail.

—+—demethylation

& ——OH-glucorinide

conjugation

Figure 2. Metabolic profile for the 6 cocktail compounds in rat
hepatocytes, ~A:  midazolam, B: bufuralol, C: 7-
hydroxycoumarin, D: diclofenac , E: phenacetin, F: diazepam.
Mass response for the parent compounds is shown on the left y-

axis and for the metabolites on the right axis. The number of T Ei-ﬁn"-"a_hu-"-‘ T Tune
the same products found are indicated in the brackets
METHODS Figure 5. EDC example for hydroxylated metabolites of Mida-
zolam
Samples UPLC™ Separation Exact Mass Calculations and i-FIT™
Fresh hepatocytes were prepared from male Sprague-Dawley 1 TOF wisES- Exact mass proved to be a very important tool to confirm all the

rats. Cryopreserved human hepatocytes were purchased from 1o
In Vitro Technologies (Baltimore, US).
A drug cocktail stock solution (20 pM) was made of i
phenacetin, diclofenac, diazepam, bufuralol, midazolam and o HPLC I.‘
7-hydroxycoumarin in water and 1% DMSO.
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detected components in the samples. For this we used an ele-
, Co-eluting mental composition calculator, i-FIT™ which works on the basis

metabolites of exact mass and matching the elemental composition sug-
gested with the isotopic pattern for the metabolite of interest

Hepatocytes were incubated with 2 pM of all cocktail S A S Sa—— L N (Fligure él)) In this way dco;ﬂrmo’rion from the eXECf m|0'55'
: . . DA DER RS AR T T R e A o ws s elemental composition and the isotopic pattern matching algo-
compounds in Krebs-Henseleit buffer at a cell density of 1x106 135 342052 0 090 , ) P . pie P ™ 999

cells/ml in a final volume of 100 ul. The reactions were 23 rithms is achieved. Typically, the lowest i-FIT™ value the most
carried out in dupli;lote ot 37°C Forpb 515 30 and 60 likely is the correct answer, this is used together with the exact
minutes (raf] or 0, 15, 30, 60 and 90 mi;wte,s (P;umcm), gently o] b _“ UPLCT™ mass measurement obtained. The metabolites of midazolam

found by using UPLC-TOF (Figure 4) were verified for isotopic
| matching and exact mass with i-FIT™ . All four products gave a
U.2 U4 .6 -. 1.2 1.40 ‘"‘ 1 QU - 2.U 260 " .BU Time pos”‘ive mGtCh.

shaken under an atmosphere of 5% CO2/95% air. The
reactions were terminated with ice-cold acetonitrile. The well ol
plates were centrifuged and the supernatants obtained were
analyzed.  Analysis of the disappearance of parent
compounds and metabolites formed was followed using full T —

scan UPLC-TOF mass spectrometry. The predicted  Figure 3.Chromatogram of 4 hydroxylated metabolites of e EE LR

bioavailability over the liver, FH, was calculated as previously ~ midazolam. With the conventional HPLC method, only 3 Single Mass Analysis ~

described [1]. possible metabolites were detected whilst with UPLC 4 Tolerance =20 mDa / DBE: min= 1.0, max = 20.0

metabolites were detected Sl :

Monoisotopic Mass, Even Electron lons

"9 Elemental Composition

LC-MS Mefhodology 293 formula[e] evaluated with 1 results within limits [up to 50 best isotopic matches for each mass]
Mass Spectrometer: QTof Premier™ MS/MS was carried out using all peaks of inerest to prove [T T e T TerTc T e ToT e
MS scan range: 70900 Da that they were four OH- metabolites of midazolam (Figure 4).
Mode of Operation: +/-ve ion mode ESI
V-mode, pDRE (dynamic range enhancement) MS/MS Data AZI3D1 05,005 367 2335 G (A7-401) 1 TOF M3 ES+
Lock Mass: Leucine Enkephalin at 200pg/mL 0. 326.0868 21163
LC-conditions: Midazolam 15min 10pyM
AqUIfy UPLC™ AZ030106_006 63 (2.5032) Cm (63.64) 1. TOF Mahs 342 00ES+ %] 328.0847
Acquity BEH C18 Column 100x2.1mm id, 1.7pm 100 2110822 00672 42 250078

9 ' SR IBBITT 3n51505 2099999 505 gus3 | { 3420878 3350693 3600921, 363,1085 376,087

Mobile phase A: 0.1 % formic acid

Mobile phase B: acetonitrile

Flow rate: 0.6 mL/min

Gradient: 0-0.5 min 100% A, 0.5-4 min 10% A, 4.1-5 min
100% A AZ030106_008 59 (2.342) Cm (59) 1: TOF MSMS 342.00ES+

Injection volume: 10 pl 100 A3 3240744 o
168,057 |

i 290.0 300.0 3100 3200 3300 3400 3a0.0 360.0 aroan
327 0704 Faor Help, press F1
(301286

450500 2730647
*,

%o

g og1s 1606
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Figure 6. Elemental composition calculator with i-FIT™ for Mi-
dazolam

Y 297 0609 [3B.0711
06.0406 7572 0905
327 0706 53¢ 5553 CONCLUSION

AZ030106_008 56 (2.233) Cm [26) 1. TOF M3M3 342 00E5+
100 297 0623 627

RESULTS

84 9535 141.0589

The metabolic fate of all probe substrates was
determined in this study.

O Individually (rat)

100 - 280673

B Cocktail (rat) . 234.0512 ; i
) N O tedivtdualy (raman) # 11 377 0622 « Both Phase | and Phase Il metabolites were readily
O Cocktail (human) B 445 L / \ | 2580452 18,0529 detected.
FLo 60 - S EARR AL AR
H o
%07 AZ030106_008 53 (2.106) Cm (53:54) 1: TOF MSMS 342.00ES5+ «  Incubations of each compound individually
20 . 3071133 1.18e3 demonstrated that none of the cocktail compounds were
ol affected by inter-substrate interactions.
A o e g O e b 20823 . :
Q\\@w"@ “\_\6010 goF 1 o8 — 700825 BE.DFBFESD'FdQBEES'DBDS fyp— . EDC enabled us to obtain very good quality data for
OV FORUGRNPUPVRDRBUROPY S S | N o e MVZ MS/MS especially when looking at low level metabolites.
a0 Vo 100 128 180 175 200 226 230 275 300 3286 380 375
« The software, Metabolynx 4.1, is userfriendly and
Figure 1.Inter-substrate interaction check. Predicted Fy ; ; performs an excellent job in exiracting metabolites with
g Figure 4. MS/MS spectra for 4 hydroxylated metabolites of exact mass from the in vitro incubations.

data for compounds after incubation of each compound
individually and in the cocktail with rat and human

Midazolam.
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