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Simultaneous Determination of Catecholamines, Serotonin and Their Metabolites
in the Biological Sample Using HPLC/ECD

Jihyun Min and Younghee Hahn®
Department of Chemistry, Sangmyung University, Seoul 110-743, Korea

Abstract — Simultaneous monitoring of catecholamines and serotonin with their appropriate extraction from the biological
samples is required in order to understand thoroughly the regulation of the central and peripheral nervous system. In the
present research the segmented gradient elution with the solid phase extraction using a C18 cartridge rather than the pre-
vious isocratic elution with alumina extraction is successfully employed to determine norepinephrine (NE), epinephrine (E),
dopamine (DA), serotonin (5HT), 3,4-dihydroxyphenylacetic acid (DOPAC) and 5-hydroxyindoleacetic acid (5HIAA) simul-
taneously within 20 minutes using 3,4-dihydroxyhydrocinnamic aicd as the internal standard (IS). Linearities were obtained
in the concentration range between 5x10° M and 1x10* M for all 7 compounds with detection limits of 0.6~1.9 uM. The
present HPLC/ECD method yielded reasonable accuracy (relative error; -1.4~1.1%) and precision (relative standard devi-
ation; 0.4~1.9%) for 9 measurements of the standard solution consisting of NE, E, DA, 5HT, DOPAC and 5HIAA com-
pounds. Recoveries of catecholamines, serotonin and their metabolites from human serum were in the range of 57%~86%.
While the concentrations of NE and 5HT in the serum of normal Sprague-Dawley rat were found as 1.4x10° M and 2.6 x
10" M, respectively, the contents of NE and 5HT in the serum of the stressed rat were increased 5.6 times and 1.4 times
more, respectively.

Keywords [] catecholamines, serotonin, HPLC-ECD, segmented gradient elution, solid phase extraction
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Fig. 1 - Chemical structures of neurotransmitters, metabolites and an internal standard.
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58 (pH 4.0, 0.0500 M) Sigma-Aldrich(U.S.A)elA 9
St citric acid(FM 192.12) 9.606 g, NaCI(FM 58.44) 5.844 g,
1-octanesulfonic acid sodium salt 20.0 mg, Na,EDTA - 2H,0
20.0 mg, sodium metabisulfite 20.0mg % 0.014m/9] tri-
ethylamine(Junsei, Japan)> 800 m/2] % <=5l Holx 1.0M
NaOH(Sigma-Aldrich) 242 A18-51o] pHE 4.00% 43 H
% £5F 1000 74 345kgich @R EQl e (Millipore;
0.45 um HAYS 5311 citrate 95808 o33t & 2087t &
35 3Rt HPLC 55 (100%) methanok> J. T. Bakerl
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A %] 3311 norepinephrine L-bitartrate hydrate(C,,H;,NO,*
xH,0, FM 319.27, 99%; NE), (-)-epinephrine (+)-bitartrate
salt(CgH;3NO; - C,HgO4, FM 333.30, 98%; E), 3-hydroxy-
tyramine hydrochloride(CgH;;NO, - HCI, FM 189.64, >98%,
dopamine hydrochloride; DA), 3,4-dihydroxyphenylacetic aicd
(CgHgO,, FM 168.15, 98%; DOPAC), 5-hydroxyindole-3-acetic
acid(C,(HoNO,, FM 191.18, >298%; 5HIAA), serotonin hydro-
chloride(C,,H;,N,O - HCl, FM 212.68, >98%, 5-hydroxytrypt-
amine hydrochloride; 5HT)$}  3,4-dihydroxyhydrocinnamic
aicd(CgH,;,0,, FM 182.17, 98%; IS)&= X Sigma-Aldrich
(US.A)S] AlEeISltt. o5 T7HA] s}3HEe] Bl citrate €5
LNE AN 5x10°ME Alzslo] gl Basisict. 3
5t Fe v ESit); 4.95x10° M2 NE, 4.90x10° M2
E, 4.89x10°M2] DA, 4.91x10°M2] DOPAC, 4.90x10°M<]
SHIAA, 4.90x10° M| 5HT ¥ 4.91x10°M2] IS. AlgHe] 83
(from human male AB plasma) Sigma-Aldricholl A, 3|6
Aol AH83F 7FE A= Sep-Pak® Plus C18° 2 4] Waters
(US.A)elA laslc

771 & B2M=A

HPLC ] (Waters Corporation, Milford, MA, USA)2] /32
o3 729k} 1525 Binary HPLC Pump, 2707 Autosampler,
2465 A71818F AE71(Hreld 'a 24 A= in situ Ag/AgCl
(ISAAC; [CI'1=0.100 M) 7|5 %=, stainless steel B A=),
Temperature Control Module II 2! Empower2 software. Z+#
& 30°CE 2 A% Waters Xbridge™ Co(5 um 4.6x150
mm), 2% Z5-S Agilent Eclipse XDB-C,o(5 um 4.6x12.6
mm)°]™ °]F5A- methanol?} pH 4.0 citrate $F5-8-212] =3+
4O 2 Table Iof el vk} o] 4.0~4.5% %! 10.0~10.5
i Afole o]F el A WEE Zke A V127 8ulE A
st 5 £E(Vpst 74 o= 2 1.0 mi/ming} 20 o]
At ISSC 71 7=l tigte] fafd whas 2] A=<l 0.75V
= 7151}, BA4A418-2 Mettler Toledo®] XS 1055 ARE3ISATE

AzvtEINS A8sty] de] HPLC AlAEE 100%

Table I-The segmented gradient elution profile

Time (min) Citrate buffer (%) MeOH (%) Elution

0.00~4.00 100.0 0.0 Isocratic

4.00~4.50 100.0—90.0 0.0—10.0 Gradient

4.50~10.00 90.0 10.0 Isocratic

10.00~10.50 90.0—93.0 10.0—7.0 Gradient

10.50~20.00 93.0 7.0 Isocratic
Vg 1.00 m//min.
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Fig. 2 — Chromatogram of NE, E, DA, DOPAC, 5HIAA, 5HT and IS.
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5x10°M$} 1x10"M 5% %$9 NE, E, DA, DOPAC,
5HIAA, 5HT9} IS2 7AE 58908 B8 787] §45 A}
3 1 Ao FAEA Stellr] A A S A3t Table el
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FFZHARSD%) I, 5x10°M FolA= 103] whE 29
3t 9|9 WA 2] mean+SD2} RSD%°]t}. NE, E, DA, DOPAC,
5HIAA, 5HT Z18]a1 IS 7} sgheel oigh H@d=1412 Fig. 33
2}, el visle] et 93 WS 2AEISS W) 5x10°M
9} 1X10*M 5= Wl 71X 39HE 25 0.998 oo 4
TATE 2t A AS vHeRisieh 77 gkl digk &t
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Table II — Peak area of NE, E, DA, DOPAC, 5HIAA, 5HT and IS at different concentrations

5X10°M* 1x10°M 5x10°M 1x10*M

Peak area

mean+SD RSD% mean+SD RSD% mean+SD RSD% mean=*SD RSD%
NE 28451+3778 13.28 57123+1385 2.424 292383+1508 0.516 579546+17017 2.936
E 26634+1802 6.767 52623206 0.392 270805+6521 2.408 524255+24328 4.640
DA 26190+2209 8.436 51940780 1.501 362738+15351 5.843 522678+19404 3.712
DOPAC 21947+1473 6.710 41066+1337 3.255 213819+6675 3.122 427453 +18479 4.323
5HIAA 31728+1343 4.232 64022 +856 1.337 313925+12642 4.027 684801+21518 3.142
5HT 32622+3840 11.77 71547+4122 5.761 38265022777 5.952 722270+27888 3.861
IS 171261105 6.450 32595+315 0.967 1633117152 4.380 343910+8580 2.495

#*n=10 for 5x10°M, n=5 for other concentrations.
Unit of peak area; uV - s, (1 V=0.01 nA).
The exact conc. of 1x10™*M: 9.90x10°M for NE; 9.82x10°M for DOPAC and IS; 9.80x10°M for E, 5HIAA and 5HT; 9.78x10°M

for DA.
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Fig. 3 — Calibration curves of NE, E, DA, DOPAC, 5HIAA, 5HT and
IS.

Table III - Inter-day precision of NE, E, DA, DOPAC, 5HIAA, 5HT
and IS at different concentrations

% RSD
Comp. w = = I
5x10°M 1x10°M 5x10°M 1x10°M
NE 7.48 2.38 1.62 5.92
E 7.10 0.40 1.45 7.16
DA 7.95 1.92 1.70 4.48
DOPAC 9.95 0.89 2.15 6.11
5HIAA 7.70 2.24 1.33 5.62
5HT 5.34 2.59 5.43 2.82
IS 8.88 0.79 1.23 5.55

Qletas BF 0.4%9F 6.0% B el A31ck(Table 10). 7714
3}5kEo] thst Jx17r AU (inter-day precisiony= E=g-NS
Azst G, B4, oA doll A3 7} §3hEe] 4t )
A Ao g RE ARk on, 5x10°M(5.3~10.0%)= A<)5}
AE B 04%$} 7.2% Al 2] RSD(%)E YHER S tH(Table
D). & A vHE 238 5x109M 2+ 313tE0] 53] 30)
£ 7} e HeA 718712 Wi 3@ smys AESHAIR
A E YUY NEE 19x10°M, EX= 1.1x10°M, DAE
13x10°M, DOPACS 1.1x10°M, SHIAAE 0.6x10°M,
S5HTE 1.6x10°M 72]3 IS 1.1x105Me] it}

Z+S9lX}(response factor) ¥ HET
NE, E, DA, DOPAC, 5HIAA T+ 5HTe thst @7)3}st 4

Z71(ECD)?] 75 AAHF)= 22§59 UF I3

2 WA et 2 BEEE ¥3 mE WE 42 FE
4] 53)(EE 108)) Z7s1] Bitsta o] ghell 55 QAHISY
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Table IV - Response factors of the electrochemical detector for NE,
E, DA, DOPAC, 5HIAA and 5HT over IS

Compound E mean=SD RSD(%)
NE 1.731+0.026 15
E 1.613+0.013 0.8
DA 1.560+0.002 0.1
DOPAC 1.257+0.009 0.7
5HIAA 1.925+0.014 0.7
5HT 2.147+0.047 2.2

F; response factor.

Table V — Accuracy of the present HPLC-ECD method

Comp True conc. Experimental conc. (M) Er

' ™) mean=SD (n=9) RSD (%) (%)
NE 5.96x10°  6.00x10°+0.11x10° 1.9 0.7
E 8.82x10°  8.86x10°+0.04x10° 0.4 0.5
DA 4.42x10°  4.46x10°+0.08x10° 1.8 0.9
DOPAC  7.35x10°  7.43x10°+0.12x10° 1.6 1.1
S5HIAA  294x10°  2.94x10°+0.04x10° 1.2 0.0

5HT 1.48x10°  1.46x10°+0.01x10° 0.6 14

RSD; relative standard deviation, Er; relative error.

XDE wat] Axket & A2 o FrolAe] 7 X Faks
itsto] Anlsllth(Table IV). 7t aF5k=2] Fake thaal 23k
t}. NE¥ 1731, E¥ 1613, DAX 1560, DOPACS 1.257,
SHIAAX= 1,925 Z18]3 5HT: 2.147% ARk i} ¥ HPLC/
ECD "9 AgwE zAk] 98 5.96x10°M NE, 8.82x
10°M E, 4.42x10°M DA, 7.35x10°M DOPAC, 2.94x10°
M 5HIAA % 1.48x10°M 5HT®E 7A¥E 3895 pH 4.0,
0.0500 M citrate $F=8-1 07 A zx&}al 7.35x10°M ISE A}
3 B4 7187 ge o 93] wkE B3Ity ISo] gt
7k Xo] 9] A7 H(A/A) Wl 1S9) 51, 7.35x10°ME
Fal ZF XO] Fato® vhre] A3laoR 7 Xo| s Akt
o} 7t g5kl diste] 93] Akt AP o= Fet FEE
to] 3 sERIEst w5)9) vlaste] Table Vel Ao
3FgtEof| T3k At @ AHEry= TRy 2kt NEE 0.7%,
Ex= 0.5%, DAY= 0.9%, DOPACS 1.1%, 5HIAA= 0.0% 12
3L 5HTE -14%%A £1% W29 +2 435 Jepilch
NE, E, DA, DOPAC, 5HIAA ¥ 5HTe] djste] 93] 57t 4
AAR % #hell et A E-HAHRSD)E 0.4~1.9%°] 30T
3,4-dihydroxyhydrocinnamic acid& W& EF3 02 ARS8t
4 7187 §2He 243 2 HPLC/ECD e g3hwgt

AUt gelgelgiet.

0

¢}

ol 3
X
ol
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3|8 ZAL

NE, E, DA, DOPAC, 5HIAA ¥ 5HT Z+7+9] 33H&E-S 50
nmoles 37} 3+ I3 1.00 m=E C18 cartridge® 1A =3+ &
KA g g 23] o]} HPLC/ECDE #4138t 5 7} 3}3HE9)



282 WIAH -

Table VI - Solid phase extraction of NE, E, DA, DOPAC, 5HIAA and 5HT from human serum

Peak area (uV-s)

Compound NE E DA DOPAC 5HIAA 5HT IS
std. added 167024 91748 125195 112588 153458 217534 121342
blank 82282 nd nd nd nd nd nd
Rxi 0.698 0.756 1.032 0.928 1.265 1.793

Rsi 1.217 1.258 1.298 1.099 1.575 2.081

Jorecovery 574 60.1 79.5 84.4 80.3 86.2

nd; not detectable.

|

Hat ¥ WS blank(EAAIE A=Al tisle] B35k 1S9
93 A ot 7} sRHEe] ot 9= W49 H|(RxiyE ALt
siink, FEg-lo) thel e 1S9 w1 WHof| thet 7} 33HE
o] 93 WA o] H|(Rs)E AXFeE TR (Rxi/Rsi) X 10002 3]4=
&5 AXFeISItt. Methanol®] 571 W2 5249 MeOH :
citrate $%-8-91(1.0:9.0) 1 m/°] 7 5HIAA 9! 5HTE: 3]
oA 3|FE A 943ko™ methanol®] FE7F ARSE Q=
5+ 31529l 5HIAA 2 5HT?] 3l4-80] S7lshs Aeke 1ol
t}. C18 cartridges 3 m/9] methanol¥} 6 m/S] & % A%
&+ 3o NE, E, DA, DOPAC, 5HIAA % 5HT Z}zte] 318te-S
50 nmoles 7} 3+ I3 1.00 mE $Y35k2 MeOH : citrate ¢
FEN9.0:1.02 FEEMMZ 1.00mA 23] A FEF5
0.45 um FE#FRICZ Al FAA 5] tst 3]58S Table
Vel F=3leh Aol 83 Al 2RlleflAli= NERE HEH3
I U ABAGELES AFHA dE 8 AE T 7 g
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YXAE F NE2 5HTS| HEE4
AEAE & SDRF S tixr SDRH
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50 EIE}
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cartridge® 1/5% 3 BAAR] 4.67x10°M 3,4-dihydroxy-
hydrocinnamic acidE ISZ F7}st &4 20WE & A9
HPLC/ECDHIC= #2515k W Fig. 49 &2 ARrET38s
Aglow wlfE A7k 328 15283} 16.8%0l I =7t Vet
th BN Ee] NE 25895 371 s o w75 AIkE 3.2
9] v Ae] Tl ARl SHTS] Zgos 3
7VelSlE o 15232 damFo] S o= 3287 15.2%
o] 73 ZHZF NES} 5HT=E ERI= ). M35 A7t 16.8%
of] el 93 4.67x109M IS )=0]th, thxaa) AEHA
& 7 dF9] BANEE A7 33] wHEssle] aEnfETIds O
He w S3 7 35ES] yaAH e it AU s 1.0~
32%% )% oIk F=gt 27 0] HAYAEE C18 cartridge
2 37 FF3% HPLC ¥4 8 & 449 3E(X), 5 NE
o} 5HT?] wi= ISl tist 7t Xe] 93 4] v](A/Ag) woll
I1S9] &%, 4.67x10°M= 3lal 72+ Xo] FEH(NE; 1.217, 5HT;
2.08D 0% vl AAow 7} Xo| wEE AXkISic 1 4
7} Table VI YeRd vkl Zo] HPLC #4A15 5 tizarel
Al NE$} 5HT?] 53 2H2F 1.99x10° M9} 5.61x10° Mo
omn AEHAE W B4 9] NES} 5HTS s+ 247t
L11x10° M9} 7.92x10°Mel e}, a2 FFoll 23t 94 F
NE¢} 5HT?] 3)5=80] 247} 57%2} 86% ©120aL 252 A
B¢ 5.00ml, T FEEL FIE 2mollo PR tFatl
g3 A8 5 NE9} 5HT?] 553 22} 14x109M¢2} 2.6x10°M
2 FE AEAE 2 Fi ok vk FHof sty ¥
% NE9} 5HTS] 557F 212t 5619 L4vlE O =4 Jepdet.

Table VII - Concentractions of NE and 5HT in the analytical
samples for HPLC and serum obtained from control and
stressed rats

Conc. of neurotransmitters (M)

NE 5HT
0.00 100 800 12.00 1600 | 20.00 Control 1.99x10° 5.61x10°
Minutes HPLC anal. sample 5 6
Stressed 1.11x10° 7.92%10"
Fig. 4 — Chromatograms of IS added analytical samples obtained Control 14%10 2.6%10°
from control and stressed rats. Serum
Stressed 7.8%x107° 3.7x10°

Upper: stressed lower: control.
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A ME 5 AP3deEEES HPLC/ECD 24 283

S Bx AAAL S SHA R ofslalr] flste] A
A Alseld FHlE oblFel MREVS FAlel 2deh Wi o
2 FE3] s Flo] st 2 delMs ol A
SH AU AFuy FEHOR YA EE FE5L T8 &
22 A3 thAl C18 cartridges AME38le] Al A28 A
A28kl 30°ColA Crg(5 um 4.6x150 mm)ZS Fste] 4
71€7] £2Y © 2 norepinephrine(NE), epinephrine(E),
dopamine(DA), serotonin(5HT), 3,4-dihydroxyphenylacetic acid
(DOPAC)®}  5-hydroxyindoleacetic acid(GHIAA)E  3,4-dihy-
droxyhydrocinnamic aicds W EFE(S) 02 AREalo] 20%
oluffel] A FFEA stk A 7] BgHE BF 5x10°M
7 1x10*M sER A AX S deEda HEdA=
0.6~1.9 uM ©|Ic}, ¥ ¢37-¢] HPLC/ECDEHCZ 1.48x10°M
~8.82x10°M <] NE, E, DA, 5HT, DOPAC#} 5HIAA®
T73% XF &l tiste] 93] whE AFIlS W 7 S
of thet WA=l E=H2hE 04% WA 1.9% H9 ©]ar
A= L3hE -14% A 1.1%= F214 o3tk g4
1miel 2+ 50 nmoles® 3718k F1ElE o, AlZEd 4l o
AEAES C18 cartridges AFE3FY] methanold} citrate 95
o] 73] v7E 9: 191 FEEE 1mi 23] WHE 5310
0.45 um WHR! JE|2 ARS o 7+ sRHES] 31782 57~
86%° 31T}, I3t Sprague-Dawley 2152 €3 = NE$} 5HT
o] 5= 27t 14x10°M8} 2.6x10°MZ EA4 53l om 30k
1 EEe Sk Yol Yol AEYAE F dF e NE
5HTS] si= 247 5609 1L4E of =7 YeRsit), 83 A
2% C18 cartridge® AHE-3to] 14 23t 3,4-dihydroxy-
hydrocinnamic aicds Ui B5%0 % 4 7187 42l Al
55k 2 A9-¢] HPLC/ECDHS A A5 5 7 obvlrst
ArEd 9 dRrEAES 20 olulel sAlel FEd = s

& I,

B 9= 201095 Aok wuf Ate)el ol sl
on, o]of ZAP=u T}, T3k AlA 5
Fo dH ARE wEolAl A oiEgy 1AAE ey} vy

et AgAe] o] Az uadA A=Y
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