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SUMMARY 

Cbromatographic conditions for tbe determination of 5metbyltetrabydrofolic acid in 
plasma andspinal &id are des&hed,involvingsimple pretreatmentofthesample.Eleetra- 
chemical detection was used. The linear range of the method is more than 10’. Recovery 
from plasma and spinal fluid is lOO%, and &e de&&ion limit of the methad is 2=10T9 M, 
sufficient for tie detection of endogenous plasma and spinal fluid levels. The detecti& con- 
ditions are discussed_ Endogenous concentrations of the compound in plasma and spinal 
fluid xvere determined and correlated with a folate bioassay. Plasma concentrati6n.s have 
been shown after the administration of leucovorin which is used in anticancer therapy. 

INTRODUCI?ON 

Folk acid analogues play an important role in several biochemical processes 
[I]. In man, 5-methy?tetrahydrofolic acid (5-MeTEIF) is the main analogue 
found to be present in plasma [Z]. Its concenkation in plasma is important for 
the determination of folak defici&cy in patients [3]. Folate activie in serum 
is determined by microbiologic assay 14’1 or radiometric analysis using a labeled 
drug- [5]:-For the treatment of malignancies 5-MeTHF plays a role as the active 

*To whom co=resp&dence should be addressed at f&e address: AntaG vao Leeuwe&oek- _ 
Hu&, me Nethedands’ Cancer G&iit+ 121 Pkmaniann, 1066 CX Amsterdam, The 
Netherlands. 
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metatoIite of Ieucovorin which is used in the prevention of methotrexate 
toxici* [6-!9]. Its concentition may be important to estimate the optimal 
antitumor effect ]lO,ll]. In test samples 5-MeTIIF has been separated from 
other foIate anaiogues by high-performance Iiquid chromatography (HPLG) 
1121. In plasma and spinal fluid the determination of 5-MeTHF is usually 
carried outby microbiologicai assay 1131. 

For the analysis of body fluids, a sensitive HPLC method is expected to be 
Fast and seIective and to have a wide linear dynamic range. Generahy, biosssays 
are hampered by interference due to the presence of foiates and antibiotics. As 
5-MeTHF is very sensitive to oxidation 1141, relativeiy large amounts of anti- 
oxidant must be added to the sample. Since the endogenous piasma concentra- 
tions Iie between lo-’ M and lo-’ &f, the determination of 5-MeTHF demands 
high efficiency of the chromatographic system. For this purpose a sensitive 
electrochemicd detection was investigated. Among the electrochemical proper- 
ties of foiate anaiogues reduction has been reviewed [15]. However, oxidation 
at a glassy carbon ekctrode had not been previously reported. For easily 
oxidizable compounds this detection method is sensitive and selective. 

A two-column concentration system [16] in combination with this detection 
method may have the fohowiug advantages: (1) the large ratio of antioxidant 
concentition, added to the sample medium, with respect to the small concen- 
tration of 5-MeTHF gives rise to a serious separation problem, but this is con- 
siderabIy dnnini&ed by the first separation ste$,; (2) the p0ssibi.h~ of injecting 
large sample volumes improves the lower detection limit; (3) extra sample 
clean-up of compounds iuterfering in the chromatogmm, by elution from the 
concentration co1mnn, is included. 

EXPERIMENTAL 

Chromatogmphic equipment and columns 
The iiquid chromatograph has been described before 1161. Ion-exchange 

columns (Partisii SAX) were obtained from Whatman (Maidstone, Great 
Britsin) and reversed-phase columns from Chrompack (Middelburg, The Nether- 
lands). The particle size was 10 pm for both materials and the column dimen- 
sions were 25 cm X 4.6 mm I.D. and 4.6 cm X 3 IIIIII I.D., respectively. 

Detection system 
An electrochemicai detector with a iarge-surface electrode was used 1171. 

A glassy carbon electrode (finally polished with diamond powder) with a sur- 
face of 2.65 cm* was used. This material (grade GC-10, obtained Tom Tokai 
Carbon, Tokyo, Japan) has a porosity of 0.2-0.490. Polyester spacers were used 
with a thickness of 87 I.rrn and 25 pm. The polyester film (LMeIinex, type S) was 
obtained from ICI HolIand (IEotterdam, The Netherlands). The electrode po- 
tential was held at +0.3 V vs. Ag/A&i/O.OOl M CI-. The detection system is 
commerciahy avaiiabie from Kipp Anaiytica (Emmen, The Netherlands). 

Before analyzing samples with concentrations just above the detection iimit 
the electrode was allowed to equilibrate overnight at constant potcntiaI. 
Early plasma peaks in the chromatogram and foreign eluent, coming 
form the void vohune of the concentmtion coIumll, : were 
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vented in order to avoid possible electrode “poisoning”_ For stiultaneous 
measurement of .other folate analogues (e.g. during drug treatment) a UV 
detector (Schoeffei Instruments, W&wood, NJ., U.S.A._, Model 770) was 
placed in series upstream &om this detector. 

For the measurement of the coulometzic yield in the detection cell an infu- 
sion pump was used (Infers, B&e, Switzerland, Type 5003). 

Number of electrons, involved in the oxidation reaction 
The number of electrons which are transferred per molecule in the oxidation 

reaction was calculated by Faraday’s Jaw [17] at a coulometric yield of 1.0 and 
was found to be 1.45. 

Reagents and standards 
All reagents were of analytical grade. Demineralised water was used for the 

preparation of ah soh~tions, except for the concentration e!uent. For the con 
centration eluent a solution of 0.015 M citrate in 0.015 M phosphate buffer 
(pH 4.95) was used. Sodium &de, 0.5-l mg/l, was used in order to prevent 
the growing of micro-organisms. The analytical eluent consisted of 9.05M 
sodium phosphate buffer (pH 4.95)-methanol (4:1, v/v) and contained 
0.001 M sodium chloride for ‘he electrochemical detection. For the deproteini- 
x&ion of samples a solution containing 10% (w/w) of tricbloroacetic acid 
(TCA) in 0.1 N HCl was used. A solution of 1% of L-(+)ascorbic acid was fresh- 
ly prepared each day. 5-MeTHF was obtained from Sigma (St. Louis, MO., 
U.S.A.). The samples west standardized by means of the formula G = A- W/Q 
where E = molar extinction, A = peak area, W = eluent flow-rate and & = 
amount of compound. From Gupta and Huennekens 1181 a value for E of 
31.7-lo3 AU-mol-‘-l-cm-’ is obtained for pH 7, This value was corrected by 
us for the difference in pH. By this calcdation the purity of the commercially 
availably samples was found to be only about 60%. 

Sample treatment 
Sample treatment consisted of the following two steps: protection against 

oxidation and a deproteinization/centrifugation step. 
To 0.9 ml plasma or spinal fluid, 0.1 ml of a solution containing 1% ascorbic 

acid was added. The mixture was allowed to equilibrate for 3 min. During 
vigorous mixing 1 ml TCA solution [lo’% (w/w) in 0.1 N HClJ was added. 
After centrifugation at 2000 g for 5 ruin 1 ml of the clear superuatant could be 
injected, 

In order to prevent oxidation by dissolved oxygen during saniple pretreat- 
ment an antioxidant is necessary. For this purrose the following compounds 
were tested: sodium sulfite, dithioglycol (1,2ethanedithiol), 2-mercapto- 
ethanol, cysteiue-HCI and ascorbic acid. For a one-column separation on either 
a reversed-phase (RP-8, Merck, Darn&ad& G-F-R_) or an ion-exchange (Partisil 
SAX) column sodium sulfite gave the best peak However, the addition of 
sulfite was found to be insufficient for stabilizing 5-MeTHF. The other agents, 
except ascorbic acid, contained impurities which were detected by the electro- 
chemical detector. Ascorbic acid was therefore the best choice for stabilization_ 
Because the recovery from plasma was found to decrease when using lower 
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amounts of ascorbic a&, only a freshly prepared solution was used. For storage 
~JV& plasma sampks wee frozen hnnsdiatiy and stored at -20” ; when thawed 
ascorbk acid was added i_mnxxkWy. -‘IFhe deproteinizated samples were in- 
jected within 30 min. After two hours-at ambient temperature the concentra- 
tion of 5-MeTHF in this mixture was found to decrease by about 5%, but could 
he less by keeping the sampkzs in ice. 

To determine the concentration of 5-MeTHF, its $eak height in the 
chroma~gram is measured. Homogenized plasma. containing 5MeTHF was 
divided into samples of 1 ml. Each day, the concentration of 5-MeTEiF was 
measured in two sampIes in order to correct for changes in peak height. 

Chroma fogmphic procedure 
A reversed-phase column (RI?-8, Merck) was tested for a combined concen- 

tration and first separation step, followed by an extid separation on an ion ex- 
changer (Partisil SAX) as described earlier for the analysis of metho&exate 
[IS]. Column dimensions and the composition of the analykical ehzent were 
similar. A concentration eluent volume of 7 ml was chosen, which wzs enough 
to produce a good sample clean-up during concentration, while still small 
enough not to cisse elution from the concentration column. 

Detection conditions 
Although folate analogues show high W absorption at wavelengths between 

280 and 300 nm, W detection did not appear to be useful for the detection of 
endogenous plasma levels of 5-MeTEiF. This is demonstrated in Fig. 1 where the 
same separakion is shown with W detection and with ekctrochemicaI detec- 
tion, ikl.ietig the increased sensitivi~ of the latter. 

In order to investigate the detection signal as a function of eluent fIow-rate 
in a static way the oxidation current resulting from a soIution containi.ng 
5-MeTHF, flowing directly through the detector, was measured. 

By means of a precise infusion pump the flow-rate was increased stepwise. 
5-MeTEIF was previously purifkd by elution on the two-column system. A plot 
of measured current against flow-rate is given in Fig. 2. At the lowest flow-rates 
a coulometric yield of 1.0 is reached. This yield is the frackion of az1 the mole- 
cules that react & the ekctrode [17]. The actual yield was calculated for 
various flow-rates of the 5-MeTHF containing eluent (dashed line). A flow-rate 
of 120 mi/h was used for the determination of 5-MeTHF. A coulometic yield 
of 12% can be determined from Fig. 2. 

The method has a 
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0 10 0 lOrea 
Fig. 1. Cbromatogram of a plasma sample for the two-column system using UT detection at 
a wavelength of 290 nm and electrochemical (EC) detection at a working electrode potential 
of + 0.3 V. Injection volume, 1 ml; concentration of 5-MeTHF 5-10e9 M; asterisk indicates 
venting just upstream from EC detector. 

: 
VARIATION OF FLOW-RATE----------------‘0 

: 

-0.5 

0 XJO wh- 

Fig. 2_ Static measurement of oxidation current against flow-rate for a solution containing 
1.3.lo-’ M SMe’iE?i?F (solid line). Working electrode potential + 0.3 V, liquid fii thickness 
87 gm. The current vs. flowrate at a coulometric yield of 1.0 is represented by the dotted 
line; the coulometric yield vs. flow-rate by a dashed line_ 

and-can he explained by a higher accumulation of reaction products which have 
to & resorbed from the electrode surface. Under the conditions described 
under SampXe treatment the xcoveries from plasma and spinal fluid were found 
to be 100% over the measured concentration range. 
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Comhtin with M-al-folate assay 
In chnica.l analysis for the determination of folate deficiency in patients the 

measurement of the concentration of 5-MeTEiF is often based on the growth of 
Ltzctobacillus ctzsei [4]_ The concentrations of patient sampks,‘obtained by this 
method, are plof&ed against concenkations obtained by the HPLC method for 
both plasma {rz = 83) md spinal fluid (n = 49) (Fig. 3). Sbtiticd data are given 
in the legend to Fig. 3. The diEuse pattern can be explained by the interference 
of the other compounds present iu the sample effecting bacteria grow& The 
systematic deviation from the line connecting equal values is probably due to 
&a.nWtion of the bioassay using solutions of folk acid instead of 5-MeTHF 
141. Fotae toad PLASMA 
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Fig. 3. Correlation of concentrations of 5-MeTHF with total f0Jat.e measurements using the 
growth of Lncfobacihs cask for plasma (n = 83) and spinal fluid (n = 49) samples;computer 
generated regresioo lines are represented by y = 3.45-10-9 &i + l.31-10-9 &f-x ad y =8.95- 
1Cm9 bi + 1.3O-lO-9 M-x, respectiveIy, where y = ordinate and x = abscissa; regression coeffi- 
Gent for both cases = 0.83. 

Measurement duringadminktmtion of folates 
When fok acid, Ieucovorin @-foEnate) and methotrexate were present in 

the plasma they -showed a sensitivity of less than 0.1% of that of 5-MeTEIF 
under the described conditions. Relatively high concenkrations of these other 
folates-can be dekrmiued ssimuitzuieously by W detection. The analytical 
cohmm did not sh0w.a good separation of these compounds, aud by altering 
the pH this selectivity could not be substan~y inpkoved_ 
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5MeTIiF concentitions can be measured simultaneo~ly with leucovorin or 
folk acid concentrations. The combination of folk acid and 5-Me!I%F in rat 
plasma is shown in Fig. 4. 

-UC ACIO IN THE RAT----- 
ma/f 

Fig. 4_ 5-MeTHF plasma concentrations (EC detection at + 0.3 V) after intraperitoneal ad- 
ministration of folic acid (FA) (W detection at 280 nm) in the rat (dose SO mg/kg). 

Piusma comentnztion.5 in man 
Plasma concentrations of 5-MeTEIF were measured after oral administration 

of 15 mg leucovorin (Ca-folinate j in two volunteers. The plasma concentration 
vs. time profile is shown in Fig. 5, indicating z rapi_d conversion of leucovoti to 
5-MeTEIF. The latter compound was shown to have a half-life of 3.5 h in the 
plasma~of these volunteers. 

Meq9mvnent in wine SampIes 
After addition of ascorbic acid to a human urine sample the concentration of 

5MeTHF was found to increase by about 70% in 8 h. This phenomenon can be 
explaked by the stimulated chemkal generation from other folates present in 
urine or f&e breakdown of endogenous folates to 5-MTHF. When no ascorbic 
acid was added the concentration fell rapidly, Because of these fluctuations 
determination of 5-MeTEF in wine was less reliable. 

DISCUSSION 
; 

One-column sysfem 
When de~rotehked plasma was injected directly i&o a reversed-phase col- 

umn or an ion-excha& cohmzn a large, unretied, tailing peak was seen from 



Fig. 5. 5-MeTXF plasma concentration vs. time sxuves after oral intake of 15 mg Ieucovorin 
in two healthy volunteers, 26 (J.A.A) and 27 (J_L.,@) years of ege. 

both the ascorbic acid and the TCA, TCA could be extracted just before in- 
jection by &ethyl ether, but the concentration of 5-MeTHF in the aqueous 
layer alsd decretid considerably. This cau be explained by the formation of 
ion-pairs which are extracted in the organic layer and/or by destruction of the 
compound, 

Cazcentratin ehfAf volume 
Tap water was also investigated as the concenkration eluent used for the 

metkdrexate determination 1161. In Fig.6 the peak height is pkented as a 
ftuiction of the concentration eluent vohmze. It can be concluded that tap 
water is not useful here, due to elutiou of 5-MeTHF from the concentration 
cohunn. After the addition of citrate the retention -as considerably increased. 
Howeveq the growkh of micm-organkms in this medium was a serious problem, 
The addition of ~2_hydroxp,~-~~~pyf_4;methyl~~~e @hymof) $ad a 
favorable effect in s&ding this growth but appeared #q decrease the retentiim 
of 5-MeTHE’ during concentration; Thi~wasnot the case &er the addition of 
0.5-l mg/‘i sodium azide, which was found to be the most useful for this pur- 
pose. In Fig. 6 an upper l.imi& of 12 ml is seen for the concentration eluent. 

Choice of electrode potentid 
The peak height as a function of electrode potential is shown.in.F%g. 7, India- 

cat&g a half-wme potmxtial-of +0.3V -(vs.Ag/AgC1~0.00LM.GT~~.~~-the 
pot~ntid in~ases, a highei.sensitivity cau ix t$qx~~tkxl, but a lower sells 
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Fig. 6. Effect of citrate on retentiax during the concentration step. The peak height V~I-SIJS 
tie volume of the concentration eluent for two cotrp3sitioD.s of concentration eluent is 
given: (a) tap water; (b) .z solution of 0.015 M sodium citrate in 0.015 M phosphate buffer 
(pEc 4.9). containing 0.5-l mg/l sodium .&de. 

Fig. 7. Maximal peak height in PA vs. working electrode potential (vs. Ag/AgWO.OOl M c1-) 
after injection of 1.8-10-9 mole S-MeTHF. 

towards other oxidizable plasma or spinal fluid components occurs. The differ- 
ence in-the meztwre d chromatogram found by an increase in potential from 
+ 0.3 to c 0.5 V is demonstrated in Fig. 8. A potential of c 0.3 V appeared to 
be optimal witi respect to sensitivity and selectiviky. 

Qua~ti‘&tio~ -peak heighf versus peak area 
Whetherpeakheight peak area for 5-MeTHF depends 

on electrochemical cond.itions. In woltammelzic detection the pro- 
portionalt~~ the the detection the 
crease near electrode surFace only a small elfxtrochemical 
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Fig. 8. Effect of electrode potential on detection selectivity for a plasma sample containing 
5-MeTHF (5.IO* &f). This figure should be compared with Fig. 1; the asterisks indicate 
venting peribd. Chromatograms shown at + 0.3 V and + OS V_ 

conversion is allowed. In this case the peak height is used for quantitation. 
However, when the electrochemical reaction or adsorption/desorption processes 
of reagen’s and products are rate-limiting an increase in sensitivity is not ex- 
pected by facilitating transport. From Fig. 2 it can be concluded that under the 
present chromatographic conditions the voltammetic character dominates. So 
the peak height should be taken for quantitation. In agreement with these 
findings dynamic measure ment showed more variat;ion of peak -2 thZ#Il Of 

peak beight when the flow was varied. 

CONCLUSION 

The method described is useful as a rapid, sensitive and specific determina- 
tion of 5-MeTHF in plasma and spinal fluid_ The selectivity for 5-MeTHF 
related tc other folates in patient samples was obtairled by carefully selected 
detection conditions ra*&er than by separation properties of the analytkd 
column. 

In general, this phenomenon should be studied more extensively when con- 
sidering optimal detection conditions in electrochemical detection. In the deter- 
mination of methotrexate and 7-hydroxymethot [lx, 163 interference of 
5-MeTHF is excluded by elution during the concentration step. The application 
of columns with a smalIler inner diameter shorrld be investigated for tiogous 
analytical problems, By using micropacked columns with inherent lower eluant 
jJow-m&s the detection limit would be decreased by an increase in detector 
sensing. 

The behaviour of 5-MeTHF in the body after admimstration of leucovorin 
during anticancer therapy is under investigation. 
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