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The use worldwide 
of Eu­

would have used cocaine year (1). 
Ber1zovLeCQ'clnÎrle is one of the major metabolites of 
cocaine formed by either spolntëmelDus h\Jl"lrnI1"CIC 
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(MBDB) 
are 

opioid users is estimated at 
in Europe andbetween 1.2 

650000 of them would have received substitution 
treatment in 2007. Heroin accounts for the Qreatest 
share of 
in the 

which 

to 

very rapidly rnrl\/o"1"or1 

matic esterase to form n-;~rptvlr'TInrnhlinp 

is into morphine 
esterase. Morphine is quickly to its 

meJ:aDOtn.e, morphine-3-glucuronide (M3G) 
somewhat more to amounts mor­

!'.ln'ICHy-,ho.. 

use of different 

Dhlne··o-s'lUl:unClni,de (M6G).According to the report 
Centre for Drugs 

2009 (1), polydrug 
norm in Europe the com­

is responsible 
Cornpl.ICates, most of the problems faces. 

Knc)wteCH:Je only a few allowed 

buprenorphine 
I\laloxone and two narcotic ant:ag()n 
were quantified. Gas chromatography to 
mass spectrometry had been widely used for 
many (7,8) liquid chromato,QraDhv 

(UHPlC-MS/MS). It reDli:ICed 
techniques used 

MATERIALS AND 

materials for aU compounds and inter­
.,. ..........."-,,.,, .. were from lGC Url"1.rYlr,,·norn 

(Molsheim, France). of pu-
rity upper than 99%. 

water 
were from Biosolve 
Netherlands); citric acid 
least analytical 
(Steinheim, 
ven, Belgium). 
Oasis MCX 
(Zellik, 

For the preparation of the stock solution of internai 
commercial solutions of benzo­

were prepared 
solution containing 

analytes was of "rYl,nh''''''''l"Yli.,o 

(MAMP), MDMA. MDA, 
n-~rpt'JlmlnrnI1inÇl (6MAM), (MOR), oxyco­
done (OCOD) hydromorphone (HMOR) ; the sec­

of cocaine (COc), berlzo"lec:gorline 
codeine (COD), norcodeine 

(EMOR), pholcodine (PHOl), 
M3G, and naltre:x:orle 

one (BUP) and norlbuorenc)r­
phine (NBUP). Group constitution l1or,an.1c 

'3n::>lu7o..-l in dUI)licate 

est:abllish the calibration curves 

Acta C/inica 



77 DRues OFABUSE IN SERUM BY UHPLC-MS/MS 

3; they were in tri~)licate 
were to estimate the validation f\~r'~n'\e:>te:>l"c 

the method limits. An extract 
was n .. t:l,n~lrct1 for each run, 

CT:;;)nn.:> ..n stock ~Vl'ULI\.JII 

1ml ammonia in rT1C1,rn:,_ 

evalpOlratE!d to 

were injected to the column. 

Instrumentation 
Analysis was n.:,,'tf"'l,'rn<.t1 

pIed to a mass Cf\&l.rt'r·f"'IIT'e:>tl;)1" 

(Waters, Belgium). The chromlatc)grc!phic CQon::>r:;,_ 

tion was on an Acquit Y 
T3 column (100 x 2.1mm size 1.8!lm, Wa­
ters) an filter at 40°C. 
elution was performed at a constant flow of 
min. using a mixture SmM ammonium formate in 

Table 1 UPlC A::: ammonium 
formate SmM pH 3, B methanol pH 3 

0.0 100.0 0.0 

1.0 100.0 0.0 

2,0 92.5 7.5 

5.5 89.0 11.0 

16.0 10.0 90.0 

17.0 10.0 90.0 

18.0 100.0 0.0 

19.0 100.0 0.0 

3 with for­

flow was set 
at and gas flow was set at 
800Llh The MS method was divided into 5 functions 
rlPf1pn,rlirlo on the retention times of 
multiple reaction 
mOllecule for identification and 

'v,,;, ....... ','" fragmentation aU()WE~d 


Method validation 
I1rr·" ..r1',nn to 15017025 and the 

Dh,,,r''''I,,,r'o,,tir::01 Sciences and Tech-

Elution was carried out using a ce:>n:rn&l,nt,.t1 

of 19 minutes. To column contamination with 
matrix highly I"ct:::un&>t1 r ..... rnf\1"I1 

tion with ......1"\:h'lo 

linearity in 
The trueness agreement 

mean value obtained from the val.ldéltlcm 
the value which is either as a 

conventional true value or an acc:epted l"e:>t"I"P"re:> value, 

Acta Cfinica 20 10; 65-:~uPJ){enlent 
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78 DRues OF ABUSE IN SERUM BY UHPLC-MS/MS 

Table 2 - Retention times and MRM transitions of each analyte and internal standard (15) 

Compound Internai std Ret. time Cone MRMl Collision MRM2 Collision 
(min.) voltage (V) energy energy 

(V) (V) 

M3G-d
3 

M6G-d
3 

2.86 
3.29 

39 465.10>289.20 33 

M3G 
M6G 

M3G-d
3 

M6G-d
3 

2.883.31 
39 462.25>462.25 12 462.25>286.25 33 

Pholcodine Morphine-d
3 

3.00 35 399.20>399.20 10 399.2> 114.10 31 

Morphine-d
3 

3.40 35 289.05>201.20 28 

Morphine Morphine-d
3 

3.41 35 286.10>286.10 12 286.10>201.10 29 

Hydromorphone-d
3 

4.18 35 289.10> 185.10 28 

Hydromorphone Hydromorphone-d
3 

4.20 35 286.10>286.10 12 286.10>185.00 31 

Norcodeine Codeine-d
3 

6.42 30 286.20>286.25 10 286.20>268.15 20 

Dihydrocodeine-d
6 

6.42 30 308.15>202.15 32 

Dihydrocodeine Dihydrocodéine-d
6 

6.44 30 302.15>302.15 9 302.15>199.15 32 

Codeine-d
3 

6.50 35 303.15>215.15 25 

Codeine Codeine-d
3 

6.52 35 300.15>300.15 13 300.15>215.15 25 

Naloxone Codeine-d
3 

6.62 27 328.10>328.30 8 328.10>114.10 20 

Oxycodone-d
3 

7.01 28 319.10>301.25 18 

Oxycodone Oxycodone-d
3 

7.03 28 316.25 >298.30 19 316.25>241.25 30 

Hydrocodone-d
3 

7.33 35 303.15>215.15 25 

Hydrocodone Hydrocodone-d
3 

7.35 39 300.15>300.15 13 300.15>215.15 25 

Amphetamine-da 6.85 16 144.00>127.10 8 

Amphetamine Amphetamine-da 6.87 16 136.00>119.10 8 136.00>91.00 16 

Methamphetamine-da 7.34 19 158.00> 124.05 11 

Methamphetamine Methamphetamine-da 7.36 19 150.00> 119.10 11 150.00>91.00 2.0 

Naltrexone Codeine-d
3 

7.42 27 342.15>342.15 10 342.15>324.15 21 

MDA-ds 7.47 15 185.00> 168.05 11 

MDA 7.49 15 180.00> 163.10 11 180.00>105.00 23 

6-MAM-d
3 

7.61 39 331.20>211 .10 24 

6-MAM 6-MAM-d 
3 

7.63 39 328.20>211.10 24 328.20> 165.10 40 

MDMA-ds 7.70 20 199.05> 165.05 13 

MDMA MDMA-d s 7.72 20 194.05> 163.05 13 194.05> 105.00 24 

Ethylmorph ine Codeine-d
3 

8;,19 35 314.25>314.30 12 

Benzoylecgonine-d
3 

8.88 26 293.00>171.10 18 

Benzoylecgonine Benzoylecgonine-d
3 

8.90 26 290.20> 168.15 18 290.20> 105.10 30 

MBDB-ds 8.98 18 213.10>179.10 11 

MBDB MBDB-ds 9.00 18 208.20> 177.15 11 208.20>135.10 11 

Acetylcodeine Codeine-d
3 

9.43 40 342.30>342.30 11 342.30>225.25 28 

Cocaine-d
3 

9.55 27 307.10>185.10 21 

Cocaine Cocaine-d
3 

9.57 27 304.20>182.15 21 304.20>82.15 32 

Cocaethylene-d
3 10.43 30 321.15>199.15 19 

Cocaethylene Cocaethylene-d
3 

10.45 30 318.25>196.20 19 318.25>82.15 30 

Buprenorphine-d
4 

11.98 60 472.20>400.20 42 

Buprenorphine Buprenorphine-d 4 12.00 60 468.15>414.15 36 468.15>396.15 42 

Norbuprenorphine Buprenorphine-d
4 

11.14 60 414.40>101 .10 35 414.40>83.10 65 

EDDP-d 
3 

11.57 35 281.15>249.20 24 

EDDP 11.59 35 278.15>249.20 24 278.15>234.10 32 

Methadone-d
3 

12.82 25 313.20>268.20 15 

Methadone Methadone-d
3 

12.84 25 310.20>310.20 5 310.20>265.20 15 
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DRUGS OF ABUSE IN SERUM BY UHPLC-MS/MS 79 

FUNCTION 1 FUNCTION 2 

DlHYDROCODEfNE 

fi PHOLCODINE CODEINE 

MORPHINE 

HYDROMORPHONE 

FUNCTION 3 FUNCTION 4 

ACETYLCODEINE 

BENZOYLECGON1NE 

ETHYLM ORPHINE 

FUNCTION 5 

Trueness is in terms of relative bias 
atic (11). Trueness was ail com­
pounds, since were 
than 19% for concentrations lower 

nn:'<:Pintp.ti in 
nrl>,rlC:lnn was determined by computing the 

1-.,,.,,rI.,,·rI Deviations (RSDs) for ..",r,I>::IT::It-,il 

inT,,,, ..n1,,,,,ii::,d~,,,, nlr{:lrir.:irln at concentration level 

BUPRENORPHfNE 

of the validat:ion CT::Iln~::I,"~c 

20% concentrations 
concentrations upper 

ity; they did not exceed 30% concentrations lower 
than 20f-lg/L and 15% for concentrations 

for RSDs are n .. ".c""nT",~ 

the 
"""""",("\n::>ll-.l\I be attributed to the 

Acta Clinica 2010; 65-5uf,lple'ment 



80 DRues OF ABUSE IN SERUM BY UHPLC-MS/MS 

AMP 

uncertainty of measurement, lower- upper- limât of quantitation 

MAMP MDMA MDA MBDB 

0.00 11.51 15.34 2.15 


-9.79 -2.11 1.90 -3.98 


-0.13 1.45 1.39 0.06 


0.58 1.63 0.51 4.30 

2.85 1.22 -2.27 2.82 

6.05 5.78 5.52 4.63 

4.47 4.85 7.32 4.90 

2.51 6.40 6.71 2.69 

6.69 2.86 6.59 5.71 

4.14 2.92 2.34 2.85 

4.50 2.58 5.11 3.52 

4.09 4.73 5.44 4.49 

2.84 2.19 3.34 4.01 

4.77 3.04 3.41 3.12 

1.09 1.86 2.30 2.41 

2.21 3.78 4.19 3.69 
------------------------~-------

41.92 14.43 10.89 26.99 

22.74 4.23 10.72 19.62 

10.68 2.58 6.80 8.74 

1.56 4.73 9.10 12.66 

7.90 7.06 8.65 12.67 

4.77 4.52 6.47 7.25 

5.70 2.04 4.32 2.73 

10.28 8.53 14.87 13.07 

HMOR 

-12.18 

-8.72 

-2.42 

-2.14 

-3.30 

6.83 

2.32 

6.52 

7.24 

5.57 

8.39 

3.90 

1.62 

1.95 

1.11 

5.23 

97.67 

50.73 

34.91 

22.42 

15.63 

4.23 

6.65 

8.28 

225.4 

111.0 

80.22 

51.65 

36.07 

9.60 

15.08 

18.49 

(%) 

I1g1L 

1.0 

2.0 

4.0 

6.0 

10.0 

30.0 

60.0 

100.0 

1.0 

2.0 

4.0 

6.0 

10.0 

30.0 

60.0 

4.0 

6.0 

10.0 

30.0 

60.0 

100.0 

1.0 

2.0 

4.0 

6.0 

10.0 

30.0 

60.0 

100.0 

2.77 

-3.87 

1.70 

3.67 

0.62 

6.81 

8.81 

4.87 

10.65 

3.15 

5.09 

6.78 

2.17 

2.33 

1.89 

2.83 

14.02 

8.50 

5.18 

8.35 

10.07 

5.43 

4.95 

5.67 

6MAM 

18.43 

1.50 

1.77 

3.21 

-1.79 

5.25 

4.28 

5.26 

7.19 

4.50 

2.47 

3.64 

2.66 

1.67 

1.81 

3.56 

11.99 

4.50 

2.87 

3.64 

5.31 

1.76 

1.81 

5.44 

MOR 

-2.58 

-8.21 

-3.58 

-0.40 

-0.41 

3.43 

7.36 

9.24 

10.87 

5.90 

3.37 

3.47 

2.34 

1.62 

2.05 

5.38 

48.71 

33.47 

10.72 

8.25 

5.27 

5.99 

3.08 

6.32 

OCOD 

7.87 

1.79 

3.42 

6.26 

3.70 

2.38 

,.14 

-0.85 

1,88 

5.65 

6.15 

0.56 

1.35 

1.61 

0.77 

2.24 

9.78 

8.73 

7.07 

7.13 

5.36 

3.50 

6.57 

96.59 33.21 24.37 62.10 

52.38 9.38 24.66 45.23 

24.29 5.44 14.95 19.91 

26.41 9.98 20.37 28.94 

18.04 16.17 19.73 29.02 

10.05 10.02 14.60 16.47 

13.11 4.39 9.74 5.89 

23.67 19.37 34.14 29.97 

30.79 

19.41 

10.96 

18.20 

23.17 

12.34 

11.28 

12.83 

26.85 

9.49 

6.20 

7.67 

12.07 

3.76 

3.82 

12.11 

112.00 

77.10 

24.54 

18.78 

11.97 

13.75 

6.85 

13.81 

22.51 

19.45 

15.25 

23.53 

16.42 

12.29 

8.04 

15.01 

1.0 2.6 1.0 1.0 2.0 1.0 3.2 1.0 7.3LQL (iJglL) 

100.0 70.6 89.4 66.5 78.6 100.0 98.5 100.0 85.8UQL (l1g/L) 

amphetamine, MAMP =methamphetamine, 6MAM 6-acetylmorphine, MOR morphine,OCOD oxycodone, HMOR hydromor-

Acta Clinica 2010; 65--Su,Dplement 
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500.0 i 

5.0 
10.0 
30.0 
150.0 
300.0 
500.0 

5.0 
10.0 
30.0 
150.0 
300.0 

4.15 
3.65 
4.90 
3.55 
4.77 

33.48 
8.88 
7.79 

10.67 

7.49 

3.18 
4.09 
3.62 

11.36 
3.18 
4.36 
3.62 
5.59 

67.14 
25.71 
6.87 
9.31 
7.62 

COCET 

-2.09 
-7.29 
-2.24 
0.16 

2.50 
3.49 
5.88 
2.85 

4.18 
6.26 
5.88 
3.40 
2.44 

28.72 
9.37 
14.09 
12.40 

7.37 

COD 

2.84 
1.12 
2.57 

2.75 
4.58 
2.11 
1.51 

4.58 
5.60 
5.42 
8,42 
33.35 
15,47 
9.66 
12.77 
12.44 

-3.13 
-3.46 
-2.67 
-3.51 

5.31 
2.99 
6.59 
7.62 
6.40 

7.19 
9.33 
6.40 

29.96 
15.41 
20.32 
13.48 

-2.95 
-6.44 
2.35 
-6.54 

10.26 
5.83 
4.95 
6.38 

5.Q3 
6.38 

12.30 
10.63 
13.78 

-12.21 
4.79 
9.18 
6.62 

4.61 
3.72 
4.30 
0.72 
0.89 

1.16 
1.42 

9,41 
11.98 
2.59 
3.17 

COC =cocaine, BZE = benzoylecgonine, COCET =cocaethylene, COD codeine, NCOD =norcodeine, 6ACOD 
dihydrocc)deine. HCOD hydrocodone. EMOR =ethylmorphine. PHOl :: pholcodine. 

5.77 
2,41 
-3.67 
0.68 
-0.14 

2.59 
3.21 
5.79 
1.22 
3.04 

5.79 
1.55 
3.68 

10.68 
12.21 
3.38 
8.00 

4.86 
-2.80 
1.25 
3.92 

6.09 
6.55 
4.21 
5.15 

4.43 
6.94 

63.28 
24.41 
9.44 
15.28 

PHOL 

16.77 
6.32 
8.17 
-0.85 

12.91 
6.49 
3.84 
4.85 

5.13 

15.29 
13.82 
11.00 

150.0 

30.0 

5.51 
7.15 

13.75 
12.13 
15.32 
6.35 

6.74 
5.42 

17.38 
14.23 
11.56 
12.77 

10.96 
4.27 
7.36 

24.56 
9.29 
15.79 
9.19. 

7.14 
13.75 
7.05 

15.52 
30.49 
15.38 
19.63 

8.96 
6.48 
6.89 

19.93 
13.85 
14.62 
13.00 

8.60 
8.91 
10.46 
6.61 
3.13 

54.06 
19.65 
19.15 
23.01 
14.28 

30.0 
150.0 
300.0 
500.0 

Intra-assay pred­ 5.0 
sion 10.0 

30.0 
150.0 
300.0 
500.0 

Inter-assay preci­ 5.0 
sion 10.0 

IntelCme(jiate 30.0 

150.0 
300.0 

3 


-5.99 
-6.95 
-1.90 

10.36 
5.96 
4.09 
6.56 
3.01 
5.86 

19.53 
6,43 

EDDP 

-7.47 
-10.2 
-0.11 
3.51 
3.85 

13.54 
6.28 
6.69 
5.1 
6.02 

M3G 

13.78 
-4.80 
-4.63 

-2.13 
3.39 

11.94 
6.55 
3,47 

6.66 
4.36 

M6G 

1.33 
-7.25 
1.23 
-0.41 
-3.01 

20.91 
5.93 
9,43 

5.85 
7.04 

7.11 
-4.33 
1.65 
2.66 
-1.67 

11.95 
5.89 
6.00 
6.89 
6.11 

13.64 
2.39 
-2,42 

0.05 
3.22 

13.54 
2.95 
7.96 
7.82 
5.74 

0.5 
1.0 
3.0 
15.0 
30.0 
50.0 
0.5 
1.0 
3.0 
15.0 
30.0 

BUP 

15.11 
-9.35 
-7.69 
-3.64 
2.61 

8.80 
7.84 11.18 

6.11 
5.75 

50.0 

NBUP 

10.10 
-6.12 
6.91 
-8.14 
2.16 

9.46 
8.13 
7.57 

50.0 

be~nd: METHA =methadone, M3G = morphine-3-glucuronide. M6G morphine-6-glucuronide, BUP = buprenorphine. NBUP =norbuprenorphine. 

Acta Clinica 2010; 6!:>-)uc"ple·me,nt 
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Aeeuracy Profile A(curacy Profile: Accuncy PTOme 

Metharnphetamïne 

Accuracy f'rofllf! 

Morphine 

Accur.I.C't Profil il! ACClIT&cy Accuracy Prame 

Accuracy f'roflle A.«uracy Fronle Accuracy prome 

Acc:uracy Profile 

Eth)'1 morphine Pholcodine 

Acta Clinica 2010; 6,;-:')UPI)len1ent 
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Accuracv prom. Accur,u:y Proflle 

M<lhadone M3G 

Act;uucy Proflfe 

The dOits re'pre'sent the re'lative t)adr-cal{culatE~dc,oncent.raUonsam1 an? ptlJttE~dlil>lith respect to their talraetedCOn!Cel1ltral~ion. 
['S-expe'Ctation tolerance timits and the dotted curves represent the acceptance 

measurand. The c>vlr.::l,vlt:.t1 

i ...... " ...",,1 around 
represents an 

the u nknown true 
rnr,tit1i",n,~", level of 95%. 

concentrations. 
Values each analyte are presented in Table 2. 

The total error the of the ......ot-hr't1 

contain 87.5% ac­
ce[)talnce Umits were set at ± 20% for concentrations 
upper than and at ± 50% for concentrations 

to accu rate 
timation of a is fi ..,t1",n'\<~nt-,,1 

validity of the method. Total error is 
ness and is clearly a 
results accuracy. The accuracy C>VI"U"""cc,>c 

of between the 

or an acc:epted ...ot·", ..,.nr'", 

The accuracy 
tremes of the 87.5% In1",on/:l1 

ex­
will 

the t'O''''T"I\/C 

range. 
The intersections between 

the lower 
the profile and 

the of 

tation (LQL) as weil as the upper limit 
UQL of(1 

important to have a as 
be to measure two MRM by "n:,1\l1'", 

19 MRM rn:>nn"HC 

Acta Clinica 2010; 65"SUl)plE~ment 



84 DRUGS OF ABUSE IN SERUM BY UHPLC-MS/MS 

time function. MS method was di­
vided in five time functions and MRM dwell times were 
adius1ted to maximize co"ci'ti\lit\l 

anltitélti,,'e determination 
:ur,nh,,,,t;:.rnln~": in serum answered to our 

rocnnnCc>c were established for each 

OX\fr.oldorlP and hydromorphone; from 
for buprenorphine norbuprenorphine. Bi­

concentrations upper than 20f.lglL; 
8% for 

did not ex-
20f.lg/L and 

than 20f.lglL for inter-
lower 

30% for concentrations 
15% for concentrations 

ases were crr'::Illlor than 19% for concentrations 
than 20l-lg/L than 12% for concentrations 
than For RSDs did not exceed 
20% concentrations lower than 

tolerance Umit did not ov/-".",,1"1 

(20% for concentrations lower 
concentrations upper than 20f.lg/L) at 87.5% The 
lower limit of quantitation was 71lglL for 

compound which was than 
obtained by Ge-MS technology. 

CONCLUSION 

ln to "">I-\lI"II!\I narcotic sub­
ad,dictia~n and/or intoxication, 

most common 
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