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Simplified Methods of
Collecting and Processing
Whole Blood for Quantitation of
Plasma Catecholamines
Nfichelc M. 1)'Alcsandro, PhD; H. Lester Reed, MD; Robert Robertson; and Stephen B. Lewis, MD

A more liberal and less constrained han- d lasma catecholamine measurements - 70'C. In addition, we measured the
dling ofplasma norepinephrine (NE) and are important in the diagnosis and changes in N E and EPI levels after delay-
epinephrine (EPI) samples simplifies I management of nervous system re- ing plasma separation from whole blood,
analysis and improves laboratory effi- lated disorders,12 hypertension, 1,4 which may occur with field studies.
ciency. We tested their stability in heparin pheochromocytoma,5.6 and to assess pa- H PLC with electrochemical detection,
or EDTA piasmas alone or comhined tient resuscitation following shock and or which affords increased sensitivity corn-
with the antioxidant glutathione at 24C trauma..,8 Due to the chemical structure pared with other detection methods, was
or follouing long-term storage at - 70 'C. of the catechol ring and its susceptibility used to quantitate catecholamine levels.
NE and EPI measured by high-pressure to spontaneous oxidation in buffered so- We designed these studies to establish
liquid chromatography (H PLC) with lutions, catecholamine stability has been reasonable procedures for the manage-
electrocbemical detection are stable in he- of particular concern when determining ment of routine clinical and research lab-
parinizedplasma fir 24 hours at 24°C quantitative levels., Quantitative analysis oratory samples, including samples col-
(< 6% degradation / d). In EDTA plas- has been achieved by fluorometric tech- lected in field studies conducted at some
ma, NE and EPI levels decrease less than niques,9 radioenzymatic assays,." I and distance from the laboratory. Realistic
101% after 6 hours at 24°C but decay by high-pressure liquid chromatography time limitations and choice of anticoagu-
0% between 6 and 24 hours. At - 70°C, (H PLC).2 ,13 H PLC with electrochemical lant for quantitating N E and EPI from

N F and II in heparin or EDTA plasma detection has shown the least interlabora- whole blood and plasma are presented.
are stable for 8 months, and the addition tory variability when compared to other
of antioxidant has no effect. Whole blood analytical techniques.14 Different meth-
anticoagulated with heparin or EDTA ods of blood collection including the aterials and Methods
does not alterplasma NE over the initial choice of anticoagulant, the addition of Sample Collection
6 hours at 24T.. We conclude that simple antioxidants, and various sample pro- Blood samples were collected
heparinization ofhuman venous blood cessing techniques have also been re- from nonfasted healthy women and men,
provides optimal conditions for quanti- ported.10,.t aged 25 to 55 years. Venous blood (80
tation of the in vivo concentration of The need to rapidly process plasma ca- mL) was drawn into tubes containing
plasma NE and FPi. techolamines to prevent their degrada- either sodium EDTA (4 mmol 1I., final

tion has limited their use in the clinic, es- concentration) or heparin (14.3 USP
pecially when attempting a comprehen- units/mL) as anticoagulant. All blood
sive analysis of critical care medicine.7 samples except those to be used for
This work was undertaken to character- whole-blood degradation studies were

From the I)eparmtent of Fnvironmental Medicine, ize further the effects of two common an- centrifuged and aliquoted within I hour
Naval Medical Research Institute, Bethesda, MI) ticoagulants (heparin and EDTA) and the of collection.
20814- 505 . antioxidant glutathione (GSH/EGTA) as Blood was centrifuged at 3,000 rpm
The opinions expressed herein arc those of the ai- a presirvative on catecholamine ( for 10 minutes at 40Ci a Sor-
thors and are not to be construed as reflecting the plasma a ,000 Xg)
views of the Navy I)epartment, Naval Service at stability. We analyzed NE and EPI stabili- vail RC-3 centrifuge- to pellet cells and
large, or the l)epanment tf Defense. ty at room temperature (24°C) and platelets. Plasma was pooled, placed on
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iCC.ad dliuotcd I fill lil)o Li .n1 fill-
k rtiigC tlbCS 551111l or %% ithLot tile addi Tatle 1: Clhanilli In th~e Co,,ce,,tratouOF fPbumaIoe"&elt~
n ut i f F(, I :8 nnni tin Ii conceit- (ME) and gplnephrlne (EM) SE5) F411111low 4*to a~~.

It ii i and gi tat iic rded cl orn i, Teiinpeatulm (24*C)

t I \IdJ I p rCS',Xtr .I% iSr." 1" Pa1laS Ii I. Id i- Concenitration, 99/mL ON*a PAbt

plC'N x% ceither tro/cn iittiitCdiat~k .at Plasma GSH/EGTA* O 6 h 24h pg/24: (%hZ

W ( JS contrOls t(I iiniitCS tor Heparin
Il sis a fttcr lonig-tcris.toragc, or I mCI- NE -335±8g 324±2 326±7 6±5 (2.7),

bated b)CL-0 1Q1 initirsitend 24 hours at + 299±2 285±0O 2829 14± tA5i

2-4( to it~ire deC.1% raites. Plasma~ for EPI -43:0.8 43±0O.4 42*0O 0.3 iM.9

thc ss bolcl'lood Studics \%sscriall\ aill + 37±0O 33±2 36±0.4 1.7+1.8 (4.6)
l\ /(1 tiillo~s tug Conuitll igetit rotai- EDTA
11011.1124 ( tor I.6.2'4, itid 48houir' NE -333±24 329± 7 165±5s 180±41 (54.1)

trCli\ t 5.5+ 377±t6 359±t18 157±8 239t39 (163.4)
pro .i ldWit 11 soe EP1* -498±153 503±t93 271±4 239± 73 (48.0)

t-+ 452±4 447±17 236±7 231 ±52 (51.1)
A I.ttlgi( prl0SplCti\ Lt11k I .nl \ %aS 5 Co1l- - ----- ---- - -

ited n sdlped d% sIutiic (i Winus signs midicate plasma without preservative, plus signs, plama with reduced glutathione (GSA)
pl.Iiti. Il~itn~ to mi t~ltctlp~~ltlre (6 5 mmol/L) and EGTA (8 mrnol/L) as a preservative.

.1 dlh Ing- 1Cr1 ili Lii~idnllra- tPlasnia incubated at 241C was serially sampled over 24 hours. NE and EPI were quantitatedby HKLC in
degr~i I.pg/mL. Decay rates were determined by linar-regression analysis.

~ trut . iniitttiniOt~i ill $Pasoalaiquots' were stoplenented with 440 pg of ERt.
dlii iJikl. I hl isibleLCt pooils %%ere differ-
tnit tor till ,irts e\pcrittlcrlts. Ifhill aC-

ciiiitS tior till ditf cretes fin repoirtedl

conttroil L1lts.
Table II: Changes In Noi -pbwplrwe() In Vwol Blood lincubated

Extraction and Quantitation of at ROOM TeMIpWature (WQC
Cateeholamincs____________ ____________________

lalisaif flplces \% ere cmtrIctcdas origi- Heparin, EDTA,
na11% dcscribbell bx Aniton ,iiid 'IaN re." In Time, h pg/i.p/mi

Iintl f5ront pl~isnild kS .15 hllphcte lk 3( 0 435 394

tiflintcsa dl rnl teillperdilir. F-oliitwmig 6 435 409
thorough washing of tile dsoirbl'd dlutii- 24 18256
ild lSiorptiol 55%.is comnplete by addition i 48 106 120
of 10I) il ,of acrcacdid contaIining Decay rate, pg/h* 7.43±1:58 6.03±059
0.05' i, FIYIA and 0.'odilln diStlftC. *Decay rates for t 48-hour period were determirfed by litar.regessOn analyss. Nosipilcicmnt

.4-luhxdoxven~vautine 1)1iRA)was chag was observed in the At concentration-of EUTA or heparind plasm forO0 to 6 hws
tised asa dintiernal stanhiard to ifltitate
tile catccholarinfcS. I Tile extractionl clii-
cieflCV iot N. FIF I, and 1)1] BA- was roti-
tinlle% 66"o to -OI based] on the ext'rac- esults Degradation of NE and E111 in Plasma
tion of knov-sl sanliarlis. Atter extra- Degradation of NE and EPI in (EDTA Blood)
tii n, %auiiples were ininelijatelv aissayed1 Plasma (H-eparinized Blood) Plasma NEF in whole Hlood iiCollected Wkitll

I I Ill,( tisinga \Vaters460eclcctro- Plasma NE and EFi levels fromi hcparin- EIYVA was stablle foruip to 6 hours at
chemnical dietector', interfacedi with a i )ii- ized blood were relatively stable after 24 24'C( with or without the addition of pre-
tal 38(0 C01ulitert utilizing WXaters Expert hours at 24'C (Table 1). Without preserva-,- servative: (Table 1). Howev er, both NF
( hroruarograph ' siftwre (\'rsion 5.2)b. live, NE and FPi decreased by only 6 t 5 and Fill rapidl\ deCay ed toliowing incii-
The extrIctioina .If 1 ITC nlethois allo\% and 0.3 t 1.9 pg in 24 hours, respectiveCly. bation for greater thlan 6 hou rsat 24o(
f or reitable detection otf N Fa.nd FI1I i f The addition of preservative dill not sig- NEF decreased 50' and, TM'' in the all-

%a tie ar geatr tan20 g fllofpas- niicaitlaleo degradation of NF and senceorpreseniceoti'c1 2vAtlvc, respeC-
Ila. [he untrai-aissay Coefficient of variai- F tl whic-h were14 ± 4and 1.7 I .8pg, tively, after 24 hours at 24'( (Table 1).
lion, was 5"o for NE and 8"o for ElT As respectively, in 24 houirs. Thesedecas' When compared with heparuniu.d plas-
sass were run in dluplicate .ttd daita wvere rates are not concentration dependent. ma, the NE clcyrate in 1-I YA plasmia
e~xpressed ,tsthe mean pg rnL± SE.The since there was no change in the degraida- was,10-fold greater in tlie tbsemice oIf pre-

com lersiuin faIctor torexpressing NE. as tion rate after 24 hoursat 24o( wAhen plas- senvativc and 17-fold greitr in the pres-

niitol Vi u0.00)591I and 5.458 for express- mia NE andll li as increaused t1(I,(X)() ence of preservative (Tible 1). Eil le-

ing 1 P1 ipl pb 1  I STiuLal differences and 6(X0pgtnil., respectively, bly addition gradied 1to 45' i .jfd 49"., of the control

wetre de(termiined by AN( V;-\ with O un- of exogenous catecholamnine (dfata not Value in the absence and( pre~senlce of pre-

can s test be~tween means for repeaited shown). servatuv e, respectively, when comnp~ired to
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a negligible loss in heparinized plasma
(Table 1). Since control values of EPI mea-
sured in the EDTA plasma were below80
the level of detection (<20 pg/rnL), exo-
genous E PI (440 pg/r '[) was added to the 700-
pooled samples prior to incubation.

E600 9
Degradation of NE in Whole Blood
N Evalues in whole blood anticoagulated 1 50I
with heparin or EDTA are stable LPrto 6

r 400-hours at 24*C(Table 11). After delaying
plasma separation between 6 and 48 E 300-
hours, N E values are lower than those of .

*controls. Decay rates of 7.34±t 1.58 and 200-
6.03 ±0.59 pg/h in heparin or EDlA
whole blood, respectively, were similar. 0-
However, increasing thetimeto 72and
96 hours before heparinized plasma is
separated resulted in a further decline in i
NE toless than 1501'of controi.EPI was -0 24 48 72 96 120 144 168 192 216 240
below the level of detection possible with

* H PLC.Time (Days)

Plasma NE and EPI Stability During I--* _

Long-term Storage Fig 1. Plasma norepinephrine (NE) and epinephrine (EPI) levels from heparinized blood following long-
N E and EPI plasma values were stable term storage at -70*C with and without reduced glutathioiie and ECTA (GSH/EGTA) as preservative.

when stored at - 70*C for up to 228 days NE without GSH/EGTA (open circles); NE with GSH/EGTA (closed circles); EP[ without GSH/EGTA

wich heparin (Fig 1) and 205 days with (open triangles); and EPI with GSH/EGTA (closed triangles).

E EDTA (Fig 2) asthe anticoagulant. No ad-
vantage-s were noted with the addition of
GSH/EGTA as a preservative. There was
no statistical difference in the decay rates
(pg/d) of NE id EPl between heparin
and EDTA plasma (Table 1ll).

omnment 500-
Our results support the previous
findings that catecholamine analy- 400 *

sis does not require elaborate collection, E0 --

processing, and storage procedures. We
have, however, extended these findings ~ 300
with acomprehensive comparison of the
stabilizing effect of preservatives added to C
both EDTA and heparin plasma and con- E20
trasted these with the effects of cellu jar
elements of whole blood on plasma cate- 100.
cholamine values. Pettersson et al pre- 0 f---t

*viously reported catecholarmnes werea
stable in plasma from heparinized blood U 0.

for 22 hours at room temperature in the
absence of thiols or anioxidants. De Vera____________________________-

et alzalso found no degradation ofNE in 0 28 56 84 112 140 108 196 224
heparinized plasma without addition ofTme(a)
antioxidants for 10 hours at 37C. WeiretTie(as
A 16 showed no effect on plasma catecho-
lamines from EDTA anticoagulated -

blood after 3 hours at room temperature. Fig 2. Plasma norepinephrne (NE) and epinephrine (EPI) levels from EDTA-treated blood with and \\ith-

We find no significant change of NE or out the addition of reduced glutathione and EGTA (GSH/EGTA) as a Preservative following Iowgtemi
E P1 values in heparinized plasma samples storage ar -70T. NF.without GSH/EGTA (open circles); NE with GSH/EGTA (cloIsed circle%) FPI

for p t 24 our aftr sparaion In without GSH/EGTA (open triangles); and EPI with GSH/EGTA (closed riangles),
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