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What Is Bieanalysis?

In = Bioanalysis®, We; are “measuring the
guantity’ off molecules off interest
(@nalytes)r in'a complex: biologicall matrix.
Tihis matrix isican be plasma;, serum),
whole bloed, bene mariew, €Sk,
MICresomes, hepatecytes, hair, brain, bile;
Or' any: other type; off biological tissue; fiuid,
Waste product, or substance.

[/



Jjor measure, We must separate.

Bielogical samples contain’ thousands) of
smallfand large; molecule;compounds. We
must puUriiy: eur compounds off interest I
We are going torsee them abeve the
Packgreund.

Our methoed must be “specific™ for our
analyte.
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Further specificity: using Mass Spec?

Molecule must be ionized

lon must be same nominal mass; of correct
analyte 10| SPECIES

lon must fiorm' same fragment: ion, as
analyte 1on SpECIies



Terminology.

LEOD = Lower limit of Detection

= [he smallest amount your system can distinguish reliably: from
background, (but not necessarily: be able to quantitate)

s [ypically about 3x signallte neise

LLOQ — LLower limit off Quantitation

= [he lowest passing standard on your system's; linear standard
curve, and smallest amount off analyte, your system can measure
With| a reasenable; degree of confidence

s ypically about 10x signallto neise

ULOQ — Upper limit off Quantitation

= [he highest passing standardl on your system’s linear standard
curve and the largest amount of analyte your system can
measure with a reasonable degree of confidence



Terminelegy: Continued

BLQ — Below limit of Quantitation
= Any number that comes in less than your LLOQ

ALQ — Above limit off Quantitation
s ARy number'that comes ingreater than your LLOO

QC — Quality’ contrel sample

s An artificial sasmpleimade to mimic a real-life;sample;
BUL one fior which yeu knew: the analyte concentration
with reasenable confidence. QC samples should
ideally be made by al different individual'and using a
diffierent weighing| than for the standards.

Standards — Artificiall samples used to) produce
you standard curve



Steps in Method Development

Look at your molecule; andl identiiy
potentialimethodl development;issues.

2, Petential ionization site. Positive; Ionization?
(@mine; or other basic site) Negative
lonization? (carboxylic;acid, alconol;, or
other sit that will stabilizera negative
charge)

b, How! greasy/hyarophobic, o hydrophillic is
your molecule?

¢, What is the pKA? — key information




Develop the, Mass Spec method

Weigh out abeut'S mg of your pure standard inte a Vial.
Vieasure weight en'a 0.1 or' 0.01" mg analyticalrbalance
and recoerd. Dilute torexactly' 1.0rmg/mit in al selvent
that will easily disselve; your compound. (Methanol or
Acetonitrile usually — but DMSO:isi O.K. tee.)

Prepare two standards for your analytes; in 50/50
Methanoel/\Water with 0.1% Eermic Acid

m 1 ug/mL

= 100 ng/mL

Set up the mass spectrometer to accept an infusion of
Lpg/mL at 10/ Uk per minute.



Mass Spec method cont.

Infiuse 1 ug/mit inte: Mass Spec and leok at the
total scaniin @1 acress a riande frenm 100/te
1000 amur (small-melecules)iin pesitive then
NEgative ionization Mode.

Notice the follewing:
a What is the most prominent peak?

s Does the M+1 or M-1" mass show! Up: clearly in the
Spectrim?

s [nwhich spectrum, positive or negative dees the
analyte show: Up most preminemtly?



Diclofenac

Acetaminophen

(

Morphine

Some strucutures to talk about.



MS method cont.

Narrow: scan rande te) 3 amuwith M=+ er M-

focused in the center off the scan. Switch
Infiusionrselution tor 100 ng/mL, (assuming a
steady signal firom| the parent:ion: peak).

Some Instruments willFautertune at this point or
even earlier, N WhICh; case; perform: the autetune
function.

After autetune; tweak parameters sUch as gas
flow: and pressure not optimized' in autotne.



MS method cont.

Set up! LC tor flow! inter Massi Spec and T 1n
the analyte, (keep: flow:at 10 te 100
L/ minute).

Set L€ pumps to expected! organic elution
% fer analyte, andi set desired flow.

Re-optimize gasses andl spray needle
posItion te ebtain highest sensitivity



Ready: to test neat standard.

Set up’ preliminary: LClsysten.

Starting peint:

s Guess the pKA of your compound. If it's an acid| start
withi 5 mM Ammonium; Acetate (almost neutral pH). L
It'S albase, 0.5 % Formic Acid IS a goeed startingl peint.

Setiup L€ Gradient.

s Good! starting gradient is: begin at 10% Acetonitrile in
90% Water



Ghost Peaks aiter MeOH injection
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5 Hg/mL, late retention
POOr pPeak shape... \What's going on?
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250 ng/mL injection
What’s oin ONZ7?
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Higher flow now, using ballistic gradient.
Peaks are showing up: nicely: with goed peak shape,
and good retention... BUt poor' selectivity!

KIC of MRM (3 pairs) 360 .0/274 .0 amu from Sample 91 (10.2.06, 1000ng/mL) of 10.3.08 wiff (Turbo Spray) Max. 2.0e5 cps
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Modify: gradient withi shallow: slepe ini working region.
Now we have good Retention and Selectivity!!!

KIC of -MRM (4 pairs). 360.0/274.0 amu from Sample 1 (System Suit, all 4 stds a about 50ng/mL, neat) of 12.05.06.wiff {Turbo Spray) Max. 2.3e4 cps
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Ready to test neat; standard, cont.

Setrup LC Gradient.

s Good starting gradient Is:
pedin at 10%, Acetonitrile in 90%, Water, hold 30s
Inerease te 25% organic in 50s
Increase; ter 955 organic in 120s
IHoldl ati 95% erganic;fer 1205
[Decrease to) 105 6rganic over: 5
Hold for 60s at 10% organic

Inject 1 Pl off 1 pg/mL neat: standard.



Evaluate situation and adjust.

I peak is sp

close to pH of Aqueous mo

compound s

it, pKA of comBound IS propably
le phase. Your

jould e ionized - sorget the

Agueous MP away: fem your analyte in the
direction oifienization.

Acids — make MP higher pHusing Ammoenium

IHydrexide.

Bases - make MP lower pH (Foermic Acid alene or:

even TFA).



Evaluate situation and adjust.

Broad but gaussian peaksi— try. a less greasy.
stationary: phase, €8 instead!off C18. Increase
flow: rate. Increase steepness off gradient.

Tlailing — change pH, Use less retentive column —
confirm “fitness’ off coltumn wWith Known
standarads.

Overlapping|analytes — make dradient more
shallew: and more inrthe “Woerking| zene-



Reinject andl re-optimize...

Change conditions andl re-inject. When youl et a
dood method withrneat standards, re-optimize the
MBaSs| SPEC, fior sensitivity.

Set Y% organic and selvent filew: te analyte peak
elution %.

I in 100 ngiiniusion standard and eptimize
VISTAISY

Re-inject arneatistandard curve Betweenr desired
LLOQ/10 and ULOQ.

Evaltiate overall'sensitivity: and linearity.

Neat standarad should be; visible at 2 desired
LLOQ.



Pecide on Internall Standard

Ideal internall standard: Deuteritum or other stable
ISotope; labeled standard that isiat Ieast —d4. (C1551s
fiine teo — but Deuteriumris used in 99%: of “Stable
[labeled™ cases:)

Alse) O.K. — but usually: with less precision: and accuracy:
— anoether compound that!isias close as possible;in
phisicochemical nature te your analyte. For example,
the compoeund wWith' ajene carbon Ienger or snoster
chain. Anjisomer thatiseparates: by HPLC and iragments
differently’ may: also; be used, but this s’ dangerous.
Substituting, a hydregen withia fluorine isfalse good. A
completelydififerent:compound may: alser be Used 1n the
Case off protein’ precipitation methods, but asiextraction
becomes more specific to the analyte (LLE or SPE) the IS
may’ not perform well at all.



Extraction Method Development

Get your sample as clean as) possible.

Vlass Spec is aboutisignal ter noise; not
just signal.



Types of Extraction fior Bioanalysis

Protein: Precipitation

s Easy and Fast

Liquidy/ltiguial Extraction

s Usually” Cleaner'— but more weork.

Solid Phase Extraction

s Canibe very: specific andl clean— good I yeu
ave al large sample ter concentrate. Mixed
mode Ion Exchange/C18 or HLB:Is tsually
pest



Diclofenac

Acetaminophen

(

Morphine

Some strucutures to talk about.



Protein: Precipitation

[FOr groups off samples < 500 this is
usually: the methoed off choice.

Straightiorward, easy, usually: effiective
Fine; fior most drugs

flends to; be less cleani than other
metheds, but iiFar small amoeunt is Injected
(1 or 2 ulb), it's usually rigged enougn.



Protein Precipitation Method

Prepare a 500 500 ng/mL selution off your: intermnal
standard in either MeOH or' AcN.

Pipette 250 100 it off plasma, serum), brainl er other
matrix inte a tube;ox plate well.
Add 50 to 1000 pit off IS/erganic selution.

Cap, and Vortex vigorously fer exactly: X minutes (treat
all'samples exactly the same) X =i 5to 30. VAWR
multitube vortexer Is the best for this. (Make sure; caps
don't leak during vortexing.)

Centrifiuge for =210 minutes at = 3000 g,
Transier 96 well plate (or tubes) to autosampler.

Make sure that autesampler needle sta?/s well away: from
protein pellet in the bottom off tube/well.



Protein Crash cont.

You can add the follewing step:

= [ransfier supernatant after centrifigation stepitora clean 96
well plate ox tubes. (Then centrifige again.)

= You may addithe IS ina separate step, but thisisiusually,
Unnecessary.

Notes:

Tiry. to Inject as little as possible of the finall selution to achieve
desired LLOQ. Sometimes a more diluted sample; (higher

propo)rtlon of crashiselution) will achieve better signal to
NoIse

Tiraditionally, a 1:1 or'2:1 Organic:Plasma ration has Deen
used. We believe that a 351 te 10:1 Organic to Plasma ratio is
petter. Samples are cleaner this way.



Liquia/Liguid Extraction

Based on partitioningl of analyte; interan
Organic selvent: thatiisi Immiscivle with
water (biologicall matricies are usually
water based)

Analyte should have arnigher alfinity. fiox
the organic selvent used thanifior Water.

Very good results with' the more
ydrophobic analytes sNUch as Stereids or

sphingelipids.



LLE continued

Choose a splvent that is clese te) polarity of analyie.
IHowever, It Is always a geoed Idea te run ar systematic
EXPErIMERt Using a WIde variety o solvents.

Extraction’ experiment: n=3;, aliquot S0ult of'a 200
nag/mL plasma standard. Extract with S00uUL oif each of
the fellowingl selvents (18'samples)

Solvents most often; used for LLE:
= Ethyl Acetate
MITBE
IHEXanE
Tieluene
Metnyiene Chlorider (eavier tian water)
Chiloroform.  (fieavier thian water,)



Try these too

Worth al try for LLE:*

s Brome Benzene (fieavier: tiigr waler, HEEeds
LeronIRner or glass)

u| 2, 2, 2-tri-Chloroethanel (ieavier tham water,
fIEEeds terior. IRer or: glass)

SImply add the; selvent te the sample, et
Sit for' 30 minutes;, sample clese to
poettom, drawing up: 1 or 2 Ul offsample
andi inject. These are very aggressive
solvents — be carefiull

= Personal communication from| Mark Hayward



LLE Method

Add pHI buffier to neutralize sample, (sample:buffer, 50:50). For best
extraction, analyte should not be onized.

Cap and Vortex

Add extraction; selvent. Solvent to sample ratio should' be; at least
2:1. 5o0r 10:1 is preferable.

Cap and Vertex
liransfer organici supernatant, agueous layeris often frozenfirst

s Ifforganic is heavier than water, transier organic; zone with
PIPEttE.

Dry. dewni sample; under nitrogen withigentle heat (typically: 40°C).
Reconstitute sample in initial mobile phase mixture for gradient run
(typically: 10% organic, 90% A).

Vortex

Centrifuge

Analyze by LC/MS/MS



Solid Phase Extraction (SPE)

Actsilike a preliminany: chromategraphy.
SySstem.

Works best 1n’ combination methods such
as mixediion-exchange/C1s or HLB

Can be; lised torpre-concentrate a large
VolUmEe off sample WHER VEerRy sensitive
(loew! pg/mL) methods are reguired.
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96 Well plate format Selial Phnase
EXUaCLion SETUP




Automatea, 96 Well plate
SVaporator With neat contro)




SPE continued
C18 or Waters HLB

Pre-condition SPE cartridge; withr Methanol,
then Agueous

Add sample

\Wash sample with agueous’ and/or Iow
strength’ organic (20/ter40% MeOH)

Eltite withr Righl strengthr erganic
Py Under Nitregen: stream W) gentle heat.

Reconstitute, and centrifuge as ini LLE
method.



SPE Continued
Mixed Cation or Anion Exchange/HLB or C18

lenized Analyte binds strongly: te
counterion i SPE cartriage while
aggressively, washed Withi strong ordamic
SEIULIeN.

Better'for concentrating and'cleaning
samples fer' bioanalysis than straight €18
or HLLB:

More steps tham ether sample prep
methods.



Mixed

SPE Continued
Cation or Anion Exchange/HLB or C18

Condition! columnrwithr acidified methanol (2%
fermic acid inf methanol)

Was
Ho)z[a
Was

Al WIth 2% EA IR Water
sample ente; column
A WiIthr 2% FA 1 water

Was

1 With 2% FA IR pure methanel

Eltte with*5% ammonium: hydrexide inf methamnol
Dry andl processias in previous C18/HILLB SPE



Standard Curve

RIS is your measuing stick: with whichryou
Measure your samples and QCs.

Standards must have = 2% organic
splvent: contribution.

[lowest and highest standards must
Pracket your sample concentrations.

MUst have suificient peints toe; previde
dccurate measurements, (typically’ & or
more pointsiover 3 orders off magnitude).



Quality: Controll Samples

Make uprwith' ar separate Weighing.

One person makes the standards; another
makes the QCs.

Different dilution scheme: and different
concentration than the standards:

Organic splvent composition =i 1%

Highest QC 70 to 90%) concentration off ULOQ
standard,’ Lowest QC may: be 1.5 % conc. ofi
L@@ standard.

QC samFIes mimic samples: They are the final
judge of system fitness (not the standards).



Summary.

Make uprStandards and QCs carefiully. They: are
VOUI Measuring stick.

Bracket real samples

Clean; samples and good chromatography: make
Vour metiod more sensitive and SPecific to)your:
analyte

Autoe tline; massi sSpec then tweak parameters
(especially’ gas flow: and temperatires) manually:

Keep) Mlass) Spec cleam — Iess|is often more.
Strive for geod signal to neise, net high signal.



Many: thanks te the fellowing
PEOpPIE Who! provided! data and
SUPPOrt:

Mark Hayward
Jose Rivera
Ryam Sheeler

BillFHilding
Doenna BEeers
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