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Effect of chemically bonded alkyl chain length on the recovery of sero- 
tonin and its metabolite from urine by a solid extraction clean-up pro- 
cedure 

2. SUPRYNOWICZ*, B. BUSZEWSKI, D. SIEfiKO and J. GAWDZIK 

Department qf Chemical Physics, Institute of Chemistry. Maria Curie Sklodowska University, 20-031 Lublin 
(Poland) 

Serotonin is a neurotransmitter in cerebral centres and its perturbations can 
produce humour and behavioural disorders. The investigation of tryptophan (TRP) 
and serotonin (5HT) metabolism is important in neurochemistry also for the early 
detection and supervision of treatment of carcinoid tumours. 

Different procedures have been devised for the determination of the trypto- 
phan, serotonin and the major metabolite of serotonin, i.e., 5-hydroxyindole-3-acetic 
acid (5HIAA). Ultraviolet absoprtion, spectrophotometric and fluorimetric determi- 
nation have been thoroughly reviewed i. Radioenzyme methods mass spectrometry 
and gas chromatography-mass spectrometry have been also used2v3. Because of its 
high separating power, the application of high-performance liquid chromatography 
(HPLC) is still increasing in importance. Many investigators employ fluorescence 
detection4-6 but it generally requires a derivatization step for high sensitivity. LC 
methods using UV detection suffer from a lack of sensitivity’,‘. Most simple and 
sensitive for neurochemical applications seems to be the use of HPLC with electro- 

chemical detection (ED)‘-’ ‘. ED and UV methods have been compared and the 
superiority of the former has been demonstrated I2 The sensitivity of ED is higher for . 
5-hydroxytryptophan (5-HTP) and 5-HIAA whereas the opposite holds for the fluo- 
rimetric detection of serotonin and tryptophan6,r3-r5. 

Tryptophan metabolites have been determined in brain tissuei4-“, cerebrospi- 
nal fluid23,24, urinez3, serum and plasma’7*23 and biological materials25~26. There are 
different methods for the isolation of material of biological origin23, e.g., TRP and 
5-HTP using a strong cation-exchange resin, e.g., Dowex AG-50, 5-HT on a weak 
cation exchange resin, e.g., Amberlite GC-50, and 5-HIAA on Sephadex G-10 gel. 
“Off-line” isolation pre-columns are usually used. Attempts to use “on-line” pre- 
concentration columns resulted in a cu. lOO-fold increase in detection sensitivity1’v2’. 

Dense layered bonded stationary phases have been used successfully for the 
isolation of 5-HIAA from urine2’ and in HPLC separations2*. Some attempts to 
isolate tryptophan and its metabolites have been made2g*20. 

The properties of sorbents with alkyl bonded stationary phases are strongly 
dependent on many factors, such as coverage density3i, porous structure and chem- 
ical nature of the solid silica support32*33, amount of remaining silanol groups (end- 
capping) and bonded layer structure (functionality of silane modifier). Monochloro- 
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dimethylalkylsilanes seem to be the most promising modifiers because their use allows 
precisely defined and dense alkyl bonded layers to be obtained31,34q35. Inconvenient 
interaction of remaining silanol groups is usually eliminated by secondary silaniza- 
tion (end-capping) and its effectiveness may differ depending on how dense a layer is 
obtained in primary silanization36*37. 

EXPERIMENTAL 

The chromatographic system consisted of an HPP-4001 pump (Laboratorni 
Piistroje, Prague, Czechoslovakia), a Model 7125 injection valve (Rheodyne, Berke- 
ley, CA, U.S.A.) fitted with a 50+1 sample loop and 100 x 4.6 mm I.D. stainless-steel 
column (Chemical Reagents Factory, ZOCh, Lublin, Poland) packed with LiChro- 
sorb RP-18 (5-pm) (Merck, Darmstadt, F.R.G.). An ELDEC 102 electrochemical 
detector (Chromatofield, Chateauneuf-Les Martiques, France) with a glass carbon 
electrode was employed at a potential of + 0.6 V (5-HT, 5-HIAA) vs. a silver-silver 
chloride reference electrode. 

The specific surface areas (5&r) of the sorbents for the pre-columns were deter- 
mined by the BET method from nitrogen adsorption data using a Sorptomatic Model 
1800 instrument (Carlo Erba, Milan, Italy). The degree of surface coverage of the 
sorbents (or) was calculated by means of the Berendsen equation3* on the basis of 
the carbon loading (% C) determined by a Model 185 CHN analyser (Hewlett-Pack- 
ard, Palo Alto, CA, U.S.A.). 

LiChrosorb Si-60 was chemically modified by Cg, Cs and Cl8 monochlorodi- 
methylsilanes (Petrarch Systems, Levittown, PA, U.S.A.) in the absence and presence 
of an activator according to the method proposed by Buszewski et u1.35,39. Cl and 
secondary silanization (end-capping) were performed using hexamethyldisilazane 
(HMDS) (POCh, Gliwice, Poland). 

Analytical-reagent grade chemicals used for off-line clean-up isolation and for 
chromatography were obtained from POCh. The mobile phase consisted of analyt- 
ical-reagent grade chemicals dissolved in water [O. 15 M sodium phosphate buffer (pH 
4.2) containing 13% (v/v) of methanol]. Doubly distilled, deionized water was used. 

The standards used were tryptophan (Reanal, Budapest, Hungary), serotonin 
(Merck), 5-hydroxyindole-3-acetic acid (Koch-Light Labs., Colnbrook, U.K.). Stan- 
dard solution consisted of TRP (10 pi/ml, 5-HT (1 pg/ml) and 5-HIAA (2 pi/ml) 
dissolved in water, prepared freshly every month and kept frozen until used. 

The off-line clean-up pre-columns consisted of 2-ml plastic extraction tubes 
packed with various types of synthesized stationary phases to yield a 1.8-cm high bed. 
The simultaneous isolation of 5-HT and 5-HIAA from the standard solutions and 
urine was carried out according to the procedure described in ref. 29. 

RESULTS AND DISCUSSION 

From the viewpoints of detectability, a constant potential of the working elec- 
trode (+ 0.6 V) and the most interesting information in neurochemistry, we investi- 
gated the recoveries of 5-HT and 5-HIAA using the pre-column clean-up procedure 
(Table I). The recovery of TRP was also tested at a detector potential of + 0.9 V and 
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it was close to the values for 5-HIAA. The physico-chemical characteristics of off-line 
clean-up pre-columns with various sorbents are given in Table I. 

The results may be discussed in terms of the chemically bonded surface hydro- 
phobicity and availability of the remaining silanol groups for solute molecules. Sur- 
face hydrophobicity is directly proportional to the number of bonded main alkyl 
groups 31,34*35 or, more precisely, inversely proportional to the relaxation time (alkyl 
chain mobility) in CP-MAS NMR measerements 36,37 Our results support the con- . 
clusions of Bayer et a1.36 that a high hydrop hobicity (low relaxation times) may be 
obtained not only by dense coverage with main alkyl groups but also by exhaustive 
secondary end-capping of the partially covered silica surface. This is in agreement 
with our results for shorter bonded alkyl chains (C6 and Cs) (sorbents 5,6,9 and 10 in 
Table I). A similar situation exists for the sorbents with a long C1s bonded alkyl chain 
(sorbents 13 and 14 in Table I), but there are evident hindrances to narrow pore 
penetration in bare silica ge13’. 

Comparison of C1 sorbents cannot be taken into account because primary and 
secondary silanization were effected with the use of the same modifier, i.e., HMDS, 
which introduces the same trimethylsilyl radicals on the silica surface. The presence of 
an activator does not influence the surface reaction (lower surface coverage of sorbent 
2 than 1; Table I) and, moreover, the recoveries of 5-HT and 5-HIAA are low and 
non-reproducible. Of course, the highest coverage density of the surface with main 
alkyl chains and hence the highest silica gel surface hydrophobicity may be obtained 
in the presence of morpholine activator34,35. 

Considering the influence of bonded alkyl chain length on most hydrophobic 
surfaces (EC and A + EC), it can be seen that the best 5-HT and 5-HIAA recoveries 
are given by Cs pre-columns (sorbents 9 and 10, Table I). Similar results were ob- 
tained for Cl8 packings (sorbents 13 and 14, Table I). Bonding of shorter alkyl chain 
leads to lower recoveries of 5-HT for C1 and C6 (except sorbent 5, Table I) and a high 
5-HIAA recovery (except sorbent 6, Table I). The coefficients of variation of the 
results obtained with the above sorbents, calculated for the average values from six 
independent measurements of recovery, are relatively low (Table I). 

The above discussion of recoveries is valid for the results obtained with a stan- 
dard two-component solute mixture. Test measurements with human urine showed 
that of the two available groups of alkyl-bonded sorbents of highest hydrophobicity 
(EC and A + EC), the latter gives a better performance (Fig. 1). Sorbents obtained 
without an activator gave a poor recovery of 5-HT from urine samples, in contrast to 
those obtained for standard solutions (Table I). 

The 5-HT and 5-HIAA recoveries shown in Table I were obtained using a 
standard clean-up procedure*’ in which the investigated compounds were sorbed on 
“off-line” pre-columns from 2 ml of standard solution and the same volume of dis- 
placing agent [O. 1 M ammonia solution containing 25% (v/v) of methanol] was used. 
Samples of 10 ~1 were taken from the eluate injected into the chromatograph. 

This method guarantees the use of less than half of the clean-up pre-column 
capacity, because the breakthrough volumes correspond to ca. 5 ml of a standard 
solution or urine. Hence it is possible to obtain an almost 2-fold urine sample enrich- 
ment if 4 ml of urine and only 2 ml of displacing agent are used. Fig. 1 shows 
chromatograms that illustrate the 5-HT and 5-HIAA recoveries obtained for double 
urine samples on clean-up pre-columns with different sorbents. Because of the low 
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J 

1 

Fig. 1 Chromatograms of 5-HT and 5-HIAA obtained for double human urine samples using clean-up 
pre-columns with different sorbents. (A) Untreated urine; (B) urine with addition of 0.5 PI/g of 5-HT 
standard; after pre-column osilation and preconcentration, (C) C,+,+,c and (D) CsfA+aC. Chroma- 
tographic conditions: C,, column (250 x 4 mm I.D.) packed with 7-pm spherical particles (ZOCh); 
electrochemical detector (+ 0.6 V); mobile phase, 0.15 M sodium phosphate buffer (pH 4.2) containing 
12.5% (v/v) of methanol; flow-rate, 0.9 cm3/min; inlet pressure, 80 bar; sample volume, 10 ~1. Peaks: 1 = 
5-HT; 2 = 5-HIAA. 

serotonin concentration (cu. 0.1 pg/ml), standard 5-HT solution (0.5 pi/ml) was add- 
ed to common urine in order to show the real differences in the investigated pre- 
columns. 

On a Cs+A+EC pre-column (C, Fig. 1) real enrichment of both solutes takes 
place. The C1s +*+rc pre-column (D, Fig. 1) gives a better pre-concentration of 5- 
HIAA but poorer that might be expected for 5-HT, which may be the result either of 
a lower coverage density (sorbents 13 and 14, Table I) or of a slightly different 
sorption mechanism (poor pre-cleaning). This problem may be partially solved by the 
use of larger pore silicas 29*30 but even this procedure does not permit the same 
mechanism and the sample cabacity in relation to that of Cs +A +rC localized on the 
surface of Si-60 silica gel. 

A clear explanation of the phenomena discussed is difficult on the basis of the 
data in Table I. Taking into account literature data29-31 and our latest results4’, we 
suggest that the most active compound towards silanol groups, 5-HT (amine), needs 
the best screening of the silica surface with a chemically bonded film to avoid undesir- 
able interactions. This is probably achieved on C 18 +*+rc sorbent bonded on silica gel 
Si-60, where the narrow pores are completly closed with alkyl groups, in contrast to 
the effect of the shorter Cs alkyl chain. 
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The disadvantage of the C r s + A + Ec material in practical pre-cleaning applica- 
tions is its low selectivity, and from this point of view C8+A+Ec sorbent has a better 
performance (see the chromatograms in Fig. 1). It is noteworthy that the end-capping 
process is important, but it cannot solve the problem of elimination of surface activity 
because of steric hindrance (a trimethylsilyl group has cu. twice the cross-sectional 
diameter of a hydroxyl group) and allows the elimination of only half the silanol 
groups. 

The different chemical natures of the investigated solutes influences their recov- 
eries strongly and are similiar shapes of the molecules are less important. The low 
recovery of 5-HT is connected with irreversible sorption during the pre-cleaning pro- 
cedure rather than its degradation and the latter effect is obviated through the stan- 
dardization procedure during analysis. 

We consider that the combination of clean-up samplers with different chem- 
ically bonded materials and a suitable chaise of solvents for sorption-desorption 
processes will allow real practical applications to urine analysis. The limits of detec- 
tion were established as 1 ng of 5-HIAA and 0.5 ng of 5-HT. If larger samples (up to 
50 ~1) are injected on to the HPLC column and a simple enrichment procedure is 
used, the limit of detection may be lowered by cu. one order of magnitude. 

CONCLUSIONS 

The hydrophobicity of the bonded alkyl layer and the availability of the re- 
maining silanol groups on the silica gel surfaces to solute molecules are the main 
factors influencing the recoveries of 5-HT and 5-HIAA. Exhaustive silanization of the 
silica gel surface, including end-capping, gives usable sorbents for the isolation of 
5-HT and 5-HIAA. C8 sorbents synthesized on the basis of SI-60 silica gel in the 
presence of an activator show sufficient selectivity and recovery of 5-HT and 5-HIAA 
from urine samples and a sample capacity that allows simple enrichment before anal- 
ysis. 
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