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ABSTRACT

The objective of current investigation is to develop a method that can be
suitably applied for analysis of curcumin in human plasma. There is no
sensitive bioanalytical method reported in literature for curcuminin human
plasmayet. Henceit isof primeimportanceto develop amethod for estimat-
ing curcumin in biological matrix with highest level of sensitivity for better
estimate of pharmacokinetic parameters like AUC —_(Areaunder curve
from zero to infinity) and K, (Elimination rate constant) in patients. A fast,
sensitive and specific LC-MS/MS bio-analytical method has been devel-
oped and validated. We achieved not only high sensitivity of 10.08ug/ml as
the Lower Limit of Quantification (LLOQ) but also showed dynamic linear-
ity ranging from 10-500ug/ml (r?=0.9991) with acceptabl e precision, accu-
racy and recovery (as per limitsset by USFDA). Our novel method involves
minimum extraction steps achieving an excellent recovery (more than 80%
with Coefficient of Variation (CV) less than 10%). Sufficient stability was
shown to allow for the completion of sampleanalysisinclinical trials. This
validated rugged method led to analysis of large number of plasmasamples
in avery short span of time (dueto lower retention time of 4-5 min).
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INTRODUCTION ing predominant keto formin acidic and neutra sols
and stableen-olicformin akainemedium. Commer-
Curcumin cial curcumin contains approximately 77%

Curcumin, ahydrophaobic polyphenol derived from
the rhizome of the herb Curcuma longa has awide
spectrumof biologica and pharmacologicd activitied*Z.
Chemicdly, curcuminishbis-a,3-unsaturated 3-diketone

(Figure 1), which exhibitsketo-enol tautomerism hav- Figurel: Sructureof Curcumin
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diferuloylmethane, 17% demethoxycurcumin and 6%
bisdemethoxycurcumin®, Traditionaly curcumin has
been used for many ailmentg®”, curcumin has been
identified astheactive principleof turmeric®. Curcumin
has been shown to exhibit anti-inflammatory, antioxi-
dant anti-inflammatory, antimicrobia and ant carcino-
genicactivities¥. Variousanima modesor human stud-
iesproved that Curcuminisextremey sefeevena higher
doseél(}lZ].

Numerousanaytical methodshaveappearedinthe
literature to analyze Curcumin on High Performance
Liquid Chromatography (HPLC) but to analyze
Curcuminin human plasmaon LC MSM Shasnot yet
been reported. M ethods using non-mass spectromet-
ric detection aretedious and may not havethedesired
selectivity. Inthis paper, wepresent ahighly sensitive
LC-MS-M S method for the assay of Curcuminin hu-
mean plasma Particular effort wasmeadeto achievehigher
method sengtivity and ahigh selectivity.

EXPERIMENTAL

Chemicalsand reagents

Curcumin working standard was sourced from
Dabur IndiaLtd. and Betamethasone used asInternal
Standard (1S) was purchased from by Sigma-Aldrich
(MO, USA). Drug free human plasmacontaining cit-
rate phosphate dextrose adenine (CPDA) was collected
from PrathmaBlood center, Ahemdabead, Indiaand Eth-
ylene di-Amine tetra acetate (EDTA) plasma was
sourced fromAurigaClinical Research, New Delhi.
Formic acid, MeOH were purchased from Qualigens
finechemicas(adivisonof GSK Ltd, Mumbai, India)
and used asreceived. MeCN was sourced from J.T.
Baker.

Preparation of stock solutions

Primary stock solsfor standards and Quality Con-
trol (QC) sampleswere prepared from separate wei gh-
TABLE 1: DepictingHQC,MQC,LQCand LLOQ

Spikingsol. Vol.ofspiking Final Final conc.  Spiked
conc.(ug/ml) sol.taken (ml) vol.(ml)  (pg/ml)  QC codes
50.1643 0.500 50 501.6426 HQC
30.0986 0.500 50 300.9856 MQC
10.0830 0.150 50 30.2490 LQC

1.0083 0.250 25 10.0830 LLOQ

ing. The primary stock sols of Curcumin were pre-
pared by weighing accurately about 25.63mg of
Curcuminworking standard which wastransferred to
a25ml volumetric flask. Thiswas dissolved in 5ml
MeOH/Weter mixture (50/50 v/v) and thevolume (vol)
was made up with the sameto obtain Img/ml solution
(sol). Theabovefinal concentration (conc) was cor-
rected for Curcumin taking into account its potency
and theactua amount weighed.

Preparation of inter nal standard stock solution

About 18.7mg of Betamethasoneworking standard
wasweighed accurately. Thiswastransferredto a25ml
volumetric flask which was dissolved in goproximately
5ml MeOH/Water mixture (50/50, v/v) and the vol
madeup withthesameto obtain Img/ml sol. Theabove
fina concwas corrected accounting for its potency and
the actual amount weighed. All of the stock and work-
ing sols were stored below 4°C and protected from
light.

Quality control (QC) samples
Spiking of plasmafor quality control samples

Accuratevol of each of theabove described stock
dilutionsof Curcumin weretransferredto avolumetric
flask and thevol was made up with plasmato achieve
thefollowing quality control sampleswhichwerela-
beled asHigh Quality Control Concentration (HQC),
Medium Quality Control Concentration (MQC), Low
Quality Control Concentration (LQC), and LLOQre-
spectively (TABLE 1). Aliquot (1.5ml) of each quality
control spiked samplesweretaken into polypropylene-
capped tubes which were frozen below -50°C until
andyss.

I nstrumentation

A liquid chromatographic system API-3000 LC-
TABLE 2: Mobilephasegradient

Step Total .Time Flow Rate A B

(min) (ul/min) (%) (%)
0 0 550 90 10
1 0.5 550 90 10
2 0.8 550 10 90
3 4.0 550 10 90
4 4.2 550 90 10
5 7 550 90 10
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MS/M S System consisting of PerkinElmer LC pump;
PerkinElmer Auto Sampler and C , column (Merck,
particlesize 3um and Interna Diameter-4.67mm) was
used for the separation. The LC-M S-M S system con-
g sting of atmaospheric pressureheated nebulizer source
(API-3000) withtriple-quadrupol etandem mass spec-
trometer (Applied Biosystems) was used for quantita-
tive determination of Curcuminin plasma. Datainte-
gration was performed with Analyst™ 1.4.1 software
version supplied by Applied Biosystem.

Chromatogr aphicconditions

Themobile phase consi sting of amixture of Sol-
vent A (0.1% (v/v) formic acid sol inwater) and Sol-
vent B (0.1% (v/v) formic acid sol in MeOH) wasde-
livered at aflow rate of 0.55ml/min with agradient
shownin TABLE 2. Thecolumnwasthermogtaticaly
controlled to atemperature of 40°C and samplecooler
temperaturewasmaintained at 10°C. Theinjectionvol
was 20ul.

M ass spectrometric conditions

A triple-quadrupole mass spectrometer (MS-MS)
was used with ESI source and channel electron multi-
plier (CEM) detector in positiveion detection mode. In
ESI source, thetemperature of the heater inthe source
was maintained at 400°C with nebulizer gasat 8 ps
(zeroair) for the better vaporization of HPLC €l uent.
For thetransition of ionsfrom atmosphereto vacuum
region, curtaingas(ultrahigh purity nitrogen) wasserved
a 6 ps for theeffect of collisiond induced dissociation
(CID) inthecurtain plateregion. For the precursor ion
fragmentation, collisond gas(ultrahigh purity nitrogen)
wasserved at 5ps for theeffect of collisond activated
dissociation (CAD) inthecollision cell. MRM mode
was used for scanning throughout thisstudy. Thetran-
sitions selected were m/z 369.10 — m/z 285.20 and
m/z 393.40 — m/z 373.00 for Curcumin and IS re-
spectively, with adwell timeof 200 msper trangition.

Human plasmaextraction

Oneset of calibration curve standards, three sets
each of quality control samplesand plasmasamples
werewithdrawn from the deep freezer and allowed to
thaw at room temperature. Samples were than sub-
jected to vortex for 5 min. From this400ul of sample

—= Fyll Paper

wastakenin eppendorff ’s tubes and subsequently 20l
of 4.0168ug/ml IS was added to it. Thiswas again
subjected to vortex for 15 s. To this800ul of MeCN
was added which was again vortex mixed for 5min
and centrifuged at 4000rpm for 10 min. Theclear por-
tion from the samplewastransferred into another cen-
trifugetubeand 1 ml of ethyl acetatewasadded toit.
Thiswasthanvortex mixed for 5minand centrifuged at
4000 rpmfor 10 min. The upper layer wastransferred
into adry test tube & evaporated under nitrogen at
40°C. Thesamplewasreconstituted with 50% MeOH
andinjectedon LC-MSMS System.

Method validation

Themethod wasvalidated in termsof selectivity,
linearity, sensitivity, precision, accuracy, recovery and
stability according to the guidelinesissued by USFDA
for thevalidation of bioandytica methods*¥.
Selectivity

Selectivity istheability of an analytical method to
differentiateand quantify the analytein the presence of
other componentsin thesample. Blank plasmasamples
from six different volunteersweretested for the pres-
ence of endogenous compounds (that might interfere
with anal) using the proposed extraction procedure at
the same chromatographi ¢/mass-spectroscopic condi-
tions. Each blank sample should betested for interfer-
ence, and selectivity wasensured at the LLOQ.

Theresultswerethen compared to meet regulatory
acceptanceccriteria

Calibration curve, linearity and sensitivity

A cdibration curvewas congructed us ngadouble-
blank sample (aplasmasamplewithout Curcuminand
IS) and eight calibration samples covering thewhole
range of conc (10-500ug/ml). Conc of Curcuminwere
calculated fromthese arearatios using the calibration
curve. Thelinearity of the calibration curvewasa so
cdculated, and acorrel ation coefficient (r?) of 0.999 or
better was deemed satisfactory. LLOQ wasdefined as
thelowest concwithaCV andrdative standard devia-
tion (R.S.D.) of <20%.

Accuracy and precision

Theaccuracy of an analyticad method describesthe
closeness of mean test results obtained by the method
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to thetrueconc of theana . Accuracy isdetermined by
replicateanays sof samplescontaining known amounts
of theanayte. Accuracy was measured using five de-
terminationsper conc (taking four conc). Thedeviation
of themeanfrom thetrue value serves asthe measure
of accuracy. Themean val ue should bewithin 15% of
the actual valueexcept at LLOQ, whereit should not
deviate by morethan 20%.

Precision of an analytical method describes the
closenessof individua measuresof anandytewhenthe
procedureisapplied repeatedly to multiple aiquots of
asinglehomogeneousvoal of biologica matrix. Intra-
and inter-day assay precisionswere determined asco-
efficient of variance (CV), andintra- and inter-day as-
say accuracieswere expressed as percentages of the
theoretical conc, asaccuracy (%) = (calculated conc/
nominal conc)x100. Intra-day assayswere performed
usingfivereplicatesduring 1 day and inter-day assays
were performed on six separate days. The acceptance
criterion recommended by USFDA for each back-cal-
cul ated standard conc was a 15% deviation from the
normal value except at the LLOQ, which was set at
20%.

Matrix effect

To assessthe matrix effect, standard conc sol of
Curcumin (taken at LLOQ) was processed. Two
groupsof six blank plasmasamplesof different sources
were spiked with theabove standard sol and the clear
supernatants of 500ul wereinjected. For each lot, du-
plicate sampleswere analyzed. The CV of the peak
areafor Curcumin/peak areaof ISwascalculated and
inter-lot matrix variability wasdetermined.

Extraction recovery

For eva uation of recovery threesetsof QC samples
(30.25, 300.99, 501.64ug/ml, n = 6) were prepared
and extracted by the preparative procedure described
abovewithIS. Therecovery of extracted sampleswas
compared with dilutioninthesameway in mobilephase
astheactual dilution during extraction. The non-ex-
tracted sampleswere injected into the system. Peak
areas of thenon-extracted sampleswerecompared with
extracted samplesfrom plasmaand acceptancecriteria
being CV to belessthan 20% amongst thethree conc
to establish drug recovery.

Hnalytical CHEMISTRY o

Sability

The stability of Curcuminwasassessed by analyz-
ing QC samples(at low and high level conc with six
determinantsfor each) exposed to different tempera-
turesfor different times. QC sampleswere preparedin
sufficient vol to dlow multiplereplicates(n=6) at each
test condition. Results were compared with those of
freshly prepared QC samples, and percentage conc de-
viationswerecaculated. Stability wascd culated asthe
differencefromthefreshly prepared samples. Thepro-
tocol for the stability study included short- and long-
term stability.

Freezeand thaw stability

Anayte stability wasdetermined after threefreeze
and thaw cycles. Six aliquots at each of thelow and
high conc were stored at theintended storagetempera
turefor 24 hsand thawed at room temperature. When
completely thawed, the sampleswererefrozenfor 12
to 24 hsunder the same conditions. Thefreeze-thaw
cyclewasrepeated two moretimes, and then andyzed
onthethird cycle.

Short term temper atur estability

Six aliquots each of thelow and high conc were
thawed at room temperature and kept at thistempera-
turefor 6 hand analyzed.

Dilution integrity
Theeffect of diluting plasmawas assessed by pre-

paring QC samples (n = 6) with Curcumin conc at 2
timesand 4 timesdilution.

L ong ter m stability

Thedtoragetimeinalong-term stability evaluation
should exceed thetime between the date of first sample
collection and the date of last sampleanalysis. Long-
term stability was determined by storing at least six
aliquots of each of thelow and high conc under the
same conditions asthe study samplesfor aperiod of
20 days.

Post prepar ativestability

The stability of processed samples, including the
resident timein theinjector wasdetermined. The sta-
bility of the drug was assessed for a period of 24
hrs.
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Figure2: Chromatogram of Curcumin at LLOQ depictings
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Figure4 : Representativechromatogram of Curcumin at conc
of 20pg/ml
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Figure5: Chromatogram of | Sat aconc. of 80.33ug/ml

TABLE 3: Linearity data of Curcumin in conc. rangeof 10-500ug/ml

Curcumin conc. (ug/ml) Analyte Peak area |Speak area Cal.Conc. (ug/ml) Accuracy AnalyteArea/lSArea

10 6.90E+03 3.64E+04 10.0 100.0 1.90E-01
20 1.06E+04 3.14E+04 20.4 102.0 3.38E-01
50 2.83E+04 3.40E+04 55.1 110.0 8.32E-01
100 4.53E+04 3.39E+04 90.2 90.2 1.34E+00
200 8.59E+04 3.08E+04 188.0 94.0 2.79E+00
300 1.48E+05 3.38E+04 305.0 102.0 4.38E+00
400 1.81E+05 3.08E+04 387.0 96.6 5.88E+00
500 2.50E+05 3.45E+04 525.0 105.0 7.25E+00
RESULTS (10.08ug/ml) asshownin figure 2. A representative

Validation and assay performance
Linearity

The standard plot of Curcumin was plotted and
linearity was observed intherange of 10-500ug/ml (In-
ternal standard at conc of 1ug/ml) with anr?value of
0.9991 (TABLE 3), whichwasfound to bewd | within
theacceptablelimit asshowninfigure3. Sgnd-to-noise
ratio greater than 10 was achieved at the LLOQ

chromatogram of Curcumin at aconc of 20ug/ml is
showninfigure4.

Accuracy

Three consecutive precision and accuracy batches
were completed. Each batch included calibration stan-
dards freshly prepared and extracted from human
plasma, ablank and azero (replicaten =5 for accu-
racy and n =6 for precision). QC sampleswere pre-
pared at LLOQ (10.08ug/ml), low (30.25ug /ml),
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TABLE4: Accuracy at n=5

Conc.pg/ml Conc.1  Conc.2 Conc.3 Conc.4 Conc.5 Mean S.D. %C.V. Accuracy
10.08 11.20 8.36 8.66 8.66 11.10 9.60 1424  14.843 95.20
30.25 26.10 28.80 31.30 28.10 28.40 28.54 1.861 6.520 94.35
300.99 293.11 289.08 319.60 285.60 290.01 29548 13.747  4.652 98.17
501.64 503.21 509.52 509.04 490.18 481.29  498.65 12450 2497 99.40

TABLES: Intraday precison at 5 different timeson sameday
Type Conc (ug/ml) Cal.Conc.1 Cal.Conc.2 Cal.Conc.3 Cal.Conc.4 Cal.Conc.5 Cal.Conc.6 Avg Acc SD RSD

LLOQ 10.08 10.16 9.36 8.96 8.56 10.08 11.05 9.70 96.18 0.910 9.381
LQC 30.25 28.15 28.06 28.39 31.32 28.07 28.84 28.80 95.21 1.267 4.398
MQC 300.99 284.58 280.81 292.83 290.63 318.79 276.60 290.71 96.58 15.019 5.167
HQC 501.64 490.45 484.51 513.26 517.67 462.99 47587  490.79 97.84 21.273 4.334
TABLE 6: Interday Precision on 6 different days
Type Conc. (ug/ml) gg;cl gg;cz gg; % ggﬁ ggg% ggc% Average Accuracy SD. RSD
LLOQ 10.08 1132 7.8 11.06 1126 1303 11.05 10.92 108.36  1.695 15.522
LQC 30.25 30.25 2035 2584 2858 3325 3074 29.67 98.07 2459 8.287
MQC 300.99 292.09 316.12 320.83 301.55 299.38 328,56 309.76 10291 14168 4.574
HQC 501.64 512.81 52550 522.28 495.63 515.49 556.68 521.40 103.94 20.175 3.869
TABLE 7: Recoveryof IS TABLE 8: Recovery of analyte
Low Medium High Low Medium High
21.45 60.62 80.33 30.25 300.99 501.64
Conc. pg/ml 97.82 97.62 102.82 Conc. pg/ml 96.82 95.26 94.62
103.58 96.24 97.15 102.68 96.31 97.11
96.46 96.83 94.05 94.33 95.69 94.05
Recovery 95.54 101.97 100.11 Recovery 95.50 102.32 101.19
97.19 97.85 98.07 97.21 97.91 98.07
97.05 102.66 101.82 96.35 102.54 103.82
Mean 97.94 98.86 99.00 Mean 97.15 98.34 98.14
SD. 2.868 2.744 3.242 S.D. 2.899 3.295 3.788
% C.V. 2.928 2.776 3.275 % C.V. 2.984 3.351 3.860

medium (300.99ug/ml) and high (501.64ug/ml) conc
levels.

Inthisstudy it wasfound that % CV at LLOQwas
14.8428 whereas % C.V. at 30.25,300.99 and
501.64ug/ml was found to be 6.5204, 4.6523 and
2.4968 respectively (TABLE 4) whichwaswithinlimit
set by USFDA.

Precision
Intraday precision

Intraday precision prevailed asthe RSD vauesob-
tained were with in limits there by depicting that

Hnalytical CHEMISTRY o

Intrabatch reproducibility was there (as shown in
TABLED5).

Interday precision

Interday precision (done for 6 days) was found
withinlimitswith RSD valueat LLOQ being 15.5221
and 8.287, 4.574 and 3.869 at conc of 30.25, 300.99
and 501.64 respectively asshownin TABLE 6.

Matrix effect

In this study the % CV was found to be 4.6822
(should be<15%) which proved the study to befree of
matrix effect.
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TABLE 9: Freezeand thaw stability

Initial Cyclel Cycle2 Cycle3
(LQC)30.25 (HQC)501.64 (LQC)30.25 (HQC)501.64 (LQC)30.25 (HQC)501.64 (LQC)30.25 (HQC) 501.64
30.96 476.57 29.96 463,57 3171 500.74 27.33 483.01
29.64 488.92 28.64 488.92 32.22 454,63 28.24 449.17
(E;/'r‘]fl') 29.77 500.95 30.77 500.95 29.93 450.27 26.54 483.19
30.00 501.69 30.00 501.69 28.26 466.82 28.52 460.17
30.06 487.12 30.06 487.12 29.71 466.17 30.20 479.51
Mean 30.09 491.05 29.89 48845 30.36 467.73 28.17 471.01
SD. 0.517 10.497 0.772 15.429 1.604 19.806 1.381 15.484
%CV 1.718 2.138 2.584 3.159 5.284 4.234 4.902 3.287
Acc. 99.34 99.47 100.92 95.25 93.62 95.92
TABLE 10: Short term stability TABLE 11: Dilution integrity
Time 0 hr 4hrs 6 hr Dilution 2 times diluted(501.64) 4 timesdiluted (250.82)
LQC HQC LQC HQC LQC HQC 481.88 238.03
32.23 494.17 30.21 480.62 25.65 469.60 487.79 225.88
26.95 520.10 31.46 512.32 29.13 509.77 conc. 504.52 268.57
Conc 29.69 491.27 29.66 462.27 32.42 49593  (ng/ml) 494.11 260.70
(ng/ml)  29.33 436.41 31.38 510.14 28.04 447.77 510.04 254.12
29.90 520.26 28.38 488.02 27.21 531.01 478.58 222.56
30.41 469.28 27.57 500.68 28.09 484.76 Mean 492.82 244.98
Mean 29.75 488.58 29.78 492.34 28.42 489.81 SD. 12513 18.987
SD. 1712 32.032 1576 19.214 2.274 29.444 % C.V. 2.539 7.751
% C.V. 5.755 6.556 5.294 3.903 8.002 6.011  Accuracy 98.242 97.670
Accur acy 100.09 100.77 95.54 100.25  temperaturetill 6 hrsand so they can bekept at room

Recovery of internal standard and analyte

Therecovery of 1S(97.940, 98.862 and 99.003%
at 21.45, 60.62 and 80.33ug/ml respectively) and
analyte (97.148, 98.338 and 98.143% at 30.25,
300.99 and 501.64 respectively) achieved wasnot only
very high but also consistent, precise, and reproducible
(TABLE 7 and 8). Figure5 showing aChromatogram
of ISat conc of 80.33ug/ml.

Sability
Freezeand thaw stability

The samplesstudied werefound to be stable after
3 cyclesof freeze and thaw stability (three conc taken)
and CV and accuracy compared to freshly prepared
sampleswerefound to bein acceptablelimits (asshown
inTABLED9).

Short term stability
Thisstudy showed that sampleswerestableat room

temperaturefor above mentioned period without |oos-
ing sampleintegrity (TABLE 10).
Dilution integrity

Theback-ca culated concfor dilution controlswere
in agreement with thetheoretical (prepared) conc. As
shownin TABLE 11 the accuracy was 98.242% and
97.670% witha% CV of 2.539%.and 7.751% after 2
and 4-fold dilution with plasmarespectively. Thesere-
sults suggest that sampleswith conc greater than the
upper limit of the calibration curve caninthisway be
assayed to obtain acceptable data.

L ong ter m stability

Long term stability up to 20 dayswasfound satis-
factory with accuracy level of 99.2812 and 99.4548 at
30.25 and 501.64ug/ml when comparedto freshly pre-
pared samplesasshownin TABLE 12.

Post prepar ative stability
Post preparative stability (after sample preparation)
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TABLE 12: Longterm stability

TABLE 13: Post prepar ative sample stability

. 0 DAY 20 DAYS Time OHR 6HR 12HR 24HR
Time LQC HQC LQC HQC LQC HQC LQC HQC LQC HQC LQC HQC
32.23 494.17 30.11 462.38 32.82 486.13 30.47 47231 27.56 426.95 29.30 451.34
30.95 520.10 31.16 515.99 32.00 458.62 29.77 487.69 31.36 479.28 30.96 463.16
Conc. 2969  491.27 2951  490.92 (Eg/r;fl') 3143 49619 30.13 487.28 28.22 480.18 25.86 484.11
(ng/ml) 2933 49641 3046  500.10 3320 495.71 30.15 522.74 29.47 482.69 29.82 491.80
29.90 520.26 28.99 511.50 28.64 495.38 31.11 471.04 30.91 495.38 28.70 487.33
30.41 469.28 30.96 494.28 29.53 503.65 27.35 423.99 29.32 494.98 32.14 484.40
Mean 30.42 498.58 30.20 495.86 Mean 31.28 489.28 29.83 477.51 29.47 478.08 29.46 477.03
S.D. 1.054 19.335 0.838 19.056 SD. 1832 16.016 1.295 32.179 1475 25.865 2.150 16.006
%C.V. 3.466 3.878 2.776 3.843 %C.V. 5856 3273 4.342 6.739 5004 5410 7.296 3.355
Accur acy 99.28 99.45 Accur acy 9536 97.59 94.20 97.71 94.18 97.50

wasfoundto bewithinlimitstill 24 hrswhen compared
with freshly prepared samples (TABLE 13).

DISCUSSION

Quantification of drugsinbiologicd matricesby LC/
MS/M Sisbecoming more demanding dueto theim-
proved sensitivity and selectivity of thistechnique.
Pharmacokinetic applicationsrequire highly selective
assayswith high samplethroughput capacity. Theandysis
of Curcuminfrom human plasmaisof mgjor interestin
pharmaceutica research assenstiveand rugged method
isyet to beachieved.

M ethod devel opment

The chromatographic conditions, especially the
composition of the mobile phase, were optimized
through severd trialsto achieve good resolution and
symmetric peak shapesfor theanayteand IS, aswell
asashort runtime. It wasfound that addition of formic
acid increased signa without affecting noiselevel and
best combination of MeOH and agueous sol of formic
acid wasrationally optimized. Thehigh proportion of
solvent eluted theanad yteand the [ S at retention times
of 4.74 and 4.34 min, respectively and at thesametime
no interference from endogenous compounds were
found. A flow rate of 550ul /min produced good peak
shapesand permitted aruntime of 6 min.Column per-
formancewas excellent with no back pressureor LC
related problemfound even during subject sampleandy-
sison day to day basis, major reason being column
temperature optimized at 45°C. Recoveries of the

analyteand ISwere excellent as protein precipitation
involved minimum number of steps, and method was
consistent, precise and reproducible. Therefore, the
assay had proved to be robust in high-throughput
bicandyss.

Choosing the gppropriatel Sisanimportant aspect
to achieve acceptable method performance, especially
withLC/MS/MS, where matrix effectscanlead to poor
analytical results. Therefore, after trialswith different
IS, wefinally opted for Betamethasone, reason being
that it isastablemoleculewith recoveriesand extrac-
tionsimilar tothat of Curcumin. In addition, itsreten-
tion behavior wasfound similar to that of the target
analyte. Clean chromatogramswere obtained and no
significant direct interferencesintheMRM channdsat
therelevant retention timeswere observed. Theimpor-
tance of including the eva uation of matrix effectinany
LC/MSM S method was outlined in papersby Benijts
et al.l*¥. Their datastrongly emphasizethe need to use
ablank matrix from (at least five) different sources/in-
dividuasinstead of using oneblank matrix pool to de-
termine method precision and accuracy. Therefore, all
vaidation experimentsinthisassay wereperformed with
matrices obtained from different individuals (n=6). As
al datafal withinthe guidelines, we concludethat the
degreeof matrix effect was sufficiently low to produce
acceptable data, and the method can be considered as
vdid.

Curcumin was stable (+10% change in measured
conc compared to concin stability samplesat O hr) in
human plasma following three freeze/thaw cycles
(freeze-thaw stability); For benchtop stability (short
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term) samplesafter being frozen, thawed and kept at
room temperature (20°C) for at least 6 hr and for at
least 20 days when studied for long term stability.
Curcumin wasstablein extractsfor at least 24 hr when
stored inthe auto injector to support post processing
in-injector stability. Additionally, Curcumin wasa so
stablefor up to at least 20 daysin MeOH stored inthe
fridge (4°C) and supportsstock sol stability.

CONCLUSION

For exploratory aswell asdevel opmental research
itisalwaysadvocated to haveasimple cost effective
rugged method whichwill ensureday today rapid andy-
gsof drugsfrombiologica matrices. A method hasbeen
described for quantification of Curcumin in human
plasmaby LC/MS/MS. Theprecision and accuracy of
themethod met the criterialaid downin Guidancefor
Industry, Bioanalytical MethodsValidation, U.S. De-
partment of Hedl th and Human Services, Food and Drug
Administration, Center for Drug Evaluation and Re-
search (CDER). Sufficient stability wasshownto alow
for thecompletion of sampleandysisinclinical trials.
Thisnewly devel oped, vaidated method wasmore sen-
gtive, sdectiveprecise, rugged withdynamiclinear range
and thereforefinds successful gpplication to support a
pharmacokinetic study.
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