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SUMMARY 

A gas chromatographic assay for clouidine in human p!asma has been 
developed The btiered serum is extracted on silica columns, alhyiated with penta- 
fiuorobenzyl bromide, cleaned up-by extractions and analysed by g&s capillary gas 
chromatography with falling-glass-needle injection and eiectron-capture dete&ion. 
A gas chromatographic-mass spectrometric analysis of the derivatives formed and an 
investigation of the structure dependence of the electron-capture response are 
preSented. 

ENTRODUCMON 

CIonidine, 2-(2,6dichIorophenylamino)-2-imidazole, is a potent antihyperten- 
sive agent, and its concentration in the plasma of humans after oral or intravenous 
administration of a therapeutic dose (75-150 pg) is in the range of ng/ml to pg/mL 

Clonidine has been determined in serum by radioactive IaIMing’, gas chro- 
matography-mass spectrometry (GC-~J%S)~, CC3 and radio-immunoassay4. The aim 
of this work was to modify our original GC method (for small animal samples) to 
analyse large sampks and so to improve the chromatograpbic system that the 
practical detection limit could be decreased to the lower picogram range. 

The internal standard 2-(2,44ichIorophenylamino)-2-imidazohne was synthe- 
sized as previously described3 and dissolved in distilled water to give a Gnal con- 
cesnration of 150 or 50 ng/ml. 

Clot&dine and related compounds were generously supplied by Boehringer 
(Ingel.heim/Rhein, G.F.R.). 

Penta&rorobenzyl bromide (PFB bromide) and Dri-fclm were purchased from 
Pierce (Rockford, III_, U.S.A.). AU chemicals used were of analytic&mde quality 
and were puriiied as follows. Potassium carbonate was dried in an oven at 120° 
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for 2 h. Acetone was reffuxed’with phosphorus pentotide and distilled. Cyclohexane 
and hutanoi were distilled. 

Extra&on of plasma samples was performed with tilnmns of silica (Extre- 
lute; Merck, Darmstadt, G.F.R.). All extractions were performed in silTa&& cen- 
trifuge tubes of capacity 50 or 10 ml. Micro test-tribes (3 ml) were used in the final 
step of the procedure. The micro test-tubes were agitated three times with methanol 
in an ultrasonic bath before silanizition; silanization was done with 2% Dri-6!!m 
solution in cyclohexane, followed by three washes with methanol and drying at 
ambient temperature_ 

A Hewlett-Packard gas cbromatograph was used; it was equipped with a 
=rVi electroncapture detector (ECD) operating in the constant current-varying pulse- 
f&uency mode. A glass sleeve injection port was used with packed columns. The 
injection port was enlarged to take a Packard glass solid injector with a f&g 
needle. Argon, with 5% methane as make-up gas for the detector, was couuectecl 
with a tee-piece and glass-lined tubing. A platinum-iridium capillary (15 x 0.3 mm) 
was fitted into the glass capillary on the injection side and sealed by melting. A 
Packard gas cbromatograph, with associated equipment similar to that described 
above, was also used, but with nitrogen as make-up gas. 

The packed column (2 m x 3 mm I.D.) was of silanized glass and was packed 
with 3% of OV-17 on SO-NO-mesh Gas-Cbrom Q, a stock packing from Applied 
Science Labs. (State College, Pa., U.S.A.). All capillary columns were 25 m long_ 
Glass cpaillary columns from different producers were tested, and one was coated in 
our laboratory. The following columns were used: SE-30, OV-17 and SP-1000) 
(0.35 mm I.D.) from LKB (Brom&z, Sweden); SE-30 and OV-17 (0.25 mm I.D. 
from Packard instruments; OV-17 and SP-2340 (0.3 mm I.D.) Ultrasepe columns 
(Sepcaration Research, Helsinki, Finland); SP-1000 (0.25 mm I-D.) prepared from 
borosilicate glass deactivated by the bazium carbonate method according to Grabs_ 

Difecr extfaction. Plasma (5 ml), 0.2 ml of internal standard solution and 
0.1 ml of 13 M ammonia are mixed, then extracted twice with 10 ml cyclohexane- 
butanol(9:l); the organic phase is further treated as described in “Gene~aZpfoce&ue”. 

CoZunm extraction on silica. A mixture of 5 ml of plasma, 0.2 ml of internal 
standard solution and l5 ml of 0.02 M ammonia is poured into an Extrelut 
column; after 10 miu, elution is carried out with cyclohexane-butanol (9:l) until 
30 ml have been collected, and the organic phase is further treated as described in 
Generalpfocedzve, except that the 3-ml washing step can be omitted. 

GenefaZpfocedufe. The organic phase is colhzcted in a 50-ml centrifuge tube 
and extracted with 1 ml 0.1 M sulphuric acid; the organic phase is separated by 
cent&&&on and discarded. The acpxeous phase is washed one with 3 ml of cyclo- 
hexau*butauo~, then made alkaline with 0.1 ml of 13 M ammonia and extracted 
with 10 inl of cyclohexan~butanol. The organic phase is evaporated in a stream of 



GC-ECD OF CLONIDJiNE 163 

nitrogen at 60” in a heating bath, and L ml of i % (v/v) PFB bromide solution in 
acetone and 5-2.5 mg of potassium carbonate are added to the residue- The mixture 
is then retimed for 45 ti in a heating black under an air condenser- 

The acetone is evaporated with a gentle stream of nitrogen, and L ml of 
heptane and L ml of 1 M sulphuric acid are added; after mixing and centrifugation, 
the organic layer is discarded. The heptane wash is repeated, and the aqueous layer 
is transferred to another tube, and 0.25 ml 13 M ammonia and 3 ml of cyclohexanc- 
butanol are added. The test-tube is shaken and centrifuged, the organic layer is 
finally evaporated to dryness in a micro test-tube under a stream of nitrogen, 0.1 ml 
of ethyl acetate is added, and the contents of the tube are thoroughIy mixed on a 
Whirlimixer; l-3 pi of this mixture is injected into the gas chromatograph. 
Clonidine concentrations are evaluated by using a standard curve established with 
use. of six standard samples in the concentration range 0.1-I ng/ml. 

JXESLJJXS AND DISCUSSION 

Sfr~cf~re of &rivatives 
Derivatives prepared in mg amounts according to the procedure described 

above were examined by GC, with a flame ionisation detector (FID). The chro- 
matograms showed a single peak, indicative of the purity of the derivative. As a 
first attempt to confirm the structure of the derivative, a mass spectrum was recorded 
on an LKB mass spectrometer with a direct inlet probe; a molecular-ion peak at 
m/e 409 was detected. The mass spectrum was in good agreement with that to be 
expected from a monoalkyiated derivative of clonidine, except that the PFB+ ion 
at m/e 181 was missing (Fig. 1). 

The derivative chromatographed with less tailing than would be expected for 
2 compound containing an iminogroup. Further, the PFB derivative of 2-(2,6-di- 
ethylphenylamino)-2-imidazoline gave a very low ECD response Table I)_ 

The mass spectra of the PFB derivatives of clonidine and the internal standard 
were then recorded with a mass spectrometer coupled to the gas chromatograph. The 
molecular-ion peak was detected at m/e 389, but no peak appeared at m/e 409. The 
most likely explanation of these results is that the PFB derivatives cyclicize to form 
resonance-stabilized compounds of high stability and ECD response. 

A structure for the clonidine derivative is proposed in Fig. 1; the clonidine- 
related compounds studied reacted in the same manner. Attempts to isolate the 
non-cyclicized clonidine derivative by extraction or liquid chromatography were not 
successful. The benzyl derivative of clonidine was prepared in order to study the 
chromatographic properties of a non-cyclic&d compound- However, the derivative 
peak showed severe tailing and gave low ECD response. 

Elecfrommpfure response 
The derivatives were prepared in m, = amounts according to the procedure 

described, and -were aualysed GC-FID analysis. The samples were then diluted and 
injected into a gas chromatograph with an ECD. The ECD/FID response ratio was 
calculated, and the ratio of the clonidine derivative was taken as 100% for reference; 
the values obtained are presented in Table I. 

The relationship between structure and ECD response has been studied by 
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F& 1. AkyIation of cIonIdIne with PFB-bromide. Xediii~tion of products was by GC-MS. 

Zielinski et aZ.5 for chloro-nitrobenzenes and -anilines. They found that the sensitivity 
increased, in general, with the number of chlorine atoms; mchloro attachment con- 
tributed more than o-chloro attachment, and two vicina.l chlorine atoms contributed 
more than when in non-vi&ml positions. As can be seen from Table I, the derivatives 
studied in this work exhibit similar relationships. Replacement of a hydrogen by a 
chlorine atom increased the ECD response by a factor of seven. 

The temperature dependence of the ECD response was deterrined by making 
repeated injections of a stock soIution of the derivatives at different detector tem- 
peratures- The graphs of measured peak area vef- temperature are presented in 
Fig. 2. Several fundamental papers have discussed the general response of the 
ECD, including the theory of mechanisms and temperature dependence6’3. An in- 
creased response with temperature indicates a dissociative mechanism; the derivatives 

TABLE I 

ECD/FlD ARESRESPONSE RATIOS FOR CYCLICIZED P-FE DERIVA~ OF SOME 
PHENYLIPLINES RELATED TO CLONIDINE 

PhlyIgroup substituents Retention rehtiite to dim* on 0 V-X 7 ECDjFlD mea (%I 

- 0.66 2 
2,6-Ethyl 0-a. 2 
4-a 1.32 13 

:z 127 1.17 82 87 
&6-a (cx9tiW) 1.00 100 
4-0~2&-di-cl 6.62 232 
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F& 2. Graphs of ECD verse detector temperature. 0, intern&saandard derZ=tive; 0, chnidhe 
derivative. A, PFB derivaive of theophylline. 

of both donidine and the internal standard exhibit such an increased response (see 
Fig. 2). The PFB derivative of theophylline was available from previous worlG4, and 
this was also e xamikd as a reference compound. 

Thus, for the clonidine derivative and related compounds, it seems probable 
that the electron is initially captured by the heterocyclic resonance system, which has 
a high cross-sectional area for collisions and offers the possibility of interaction with 
free electrons. It is then dehxlizd to a chlorine atom in the pheny1 moiety, with 
dissociation of the chlorine-carbon bond, following a dissociative electron-capture 
mechanism. It is of interest to note that the ion for loss of chlorine was +&e most 
abundant ion in the mass spectrum. As a consequence, the detector temperature can 
be used to control the selectivity of the detector for optimal performance 

Extraction 
When a large volume of serum was taken for analysis and the direct extraction 

procedure was used, a precipitate sometimes appeared at the acid re-extraction 
step. Further, when serum samples stored frozen for 2 years were analyzed, inter- 
fering peaks appeared in the chromatograms. Column extraction solved these 
problems, and clean extracts were obtained, with high recovery (Table II). 

TABLE II 

ABSOLUTE RECOVERY AND PRECISION 

Methd Cio1&2%2 concentration Recover (%I PrecisGm (% SD.) 



Protein precipitation with perchloric acid was used for some sets of standards. 
Frecipi@tion gave clean extracts, but the recovery decrease d, and it was not further 
investigated. Because of the many steps involved, it is a complex problem to 
establish the absolute optimum conditions for each, as t&e recovery for a part&&r 
step may be &&ted by how the others are performed; for example, if a very polar 
solvent is used in ffie first step, the cu-extrzcted compounds might a@ct the 
derivatization and would certainly affect the backgrouIld in the chromatographic step. 

Chromutcgraphic system 
The ECD is very sensitive to the clonidine derivative used. The detection 

limit with pure derivative, a wallcoated open-tubular WCOT) column, coated with 
OV-17 and a detector in good condition was 0.2 pg. The falling-glass-needle injector 
proved to be useful for injection of large fractions of the total sample, in combination 
with capillary columns. However, when large fractions of processed biological 
samples are injected, small randomly appearing peaks impair the sensitivity_ This 
problem can be partially solved by extensive clean-up of the samples as described 
above and by the use of a column with high resolution and suitable selectivity. 

The packed column used gave about 2500 theoretical plates. To inLwase the 
resolution, commercially available capillary columns were tested; the results are 
shown in Table III. Capillary columns from different producers differed in activity and 
stability. In general, columns coated with such polar phases as SP-loo0 and SP-2340 
showed less tailing than non-polar columns. The OV-17 and SP-2340 showed iess 
tailing than non-polar columns. The OV-17 and SP-2340 columns possessed the 
selectivity to resolve the pea’ks for clonidine and the internal standard from the 
background. The Ultrasep@ coIumns were superior to the others tested both with 
respect to deactivation and stability. The Ultrasep@ OV-17 and SP-2340 columns 
gave 30,000 theoretical plates at ffie flow-rates used iu practical aria&is. Chromato- 
grams obtained from plasma samples are presented in Figs_ 3-5. 

TABLE III 

SELEtXIVITY AND STABIJJTY OF COLUMNS TESTED 
f = Good pxfumance; +- - = intermediate; - = unsuitable. 

smiotwyp~2 S2.kctivity Stabi&y 

SE-30 --i - 
ov-27 i +- 
SP-1000 - i- 
SP-2340 L i 

Absolute recovery amI precision 

The cloniche and internal-standard derivatives were prepared in the mg scale 
as described under Procedure, the final solution being evaporated to dryness and 
further dried in a vacuum oven. The purity of the derivatives obtained was checked 
by reversed-phase liquid chromatography and GC. Stock solutions of the derivatives 
showed only one peak with these methods, and dilutions of these solutions were used 
as reference in determinin g absolute recoveries. The recovery and precision values 
are shown in Table II. 
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Fig. 3. Chromatogram for a S-ml serum standard with 200 pg/ml of clonidine (1) and 10 ng of 
internal standard (2)_ hjection: 2~1 from 100~1 by fzIiing needle on a 25 m x 0.25 mm WCOT 
column (Packard). Stationary phase, OV-17; carrier gas, nitrogen (35 cm/se& injection temperature, 
250”; co!umn temperature, 230”; detector temperature, 310”; detector. Packard ECD (=Ni source); 
make-up gas, nitrogen (30 ml/min). 

Fig. 4. Chromatogram for a EmI serum standard with 100 pg/rnl of clonidine (1) and 30 ng of 
internal standard (2). Injection: 2pl from 100~1 by falliog needle on a 25 m x 0.30 mm Ultrasep~ 
column (WCOT SP-2340). Carrier gas, helium (50 cm/se+ Other conditions as for Fig. 3, except 
detector temperature (3509 sod make-up gas (5% of methane in argon). 

It was possible quantitatively to determine down to 100 pg/ml of clonidine in 
plasma (the background corresponded to 10 pg/ml with a standard deviation of less 
than 35 “/,). Scrupulous cleaning of the glassware used is essential if cross-contarnina- 
tion is to be avoided; all glassware is therefore re-silanized after each use to 
deactivate and clean the surfaces. Ukasonic agitation with methanol is efficient in 
removing derivative traces from the glass. Reaction times longer than 45 rnin with 
PFB bromide for standard samples (1 ngjml of cIonidine) were investigated to 
ascertain if such longer times were needed for Iow concentrations in bio!ogical 
samples; no significant increase in recovery was established. 

2-(2,6-Diethylphenylamino)-2-imidazoline was added in pg amounts to see if 
any “carrier” effect couId be observed; there was no difference in recovery, probably 
because of the carefully sihurized glass used. Addition of the diethyl compound gave 
rise to peaks with long retention times, thereby increasing the inteerval between in- 
jections, and therefore it was not further used_ The use of a-rather large amount 
(30 ng) of internal standard was preferred. 

The method described has been in use in our laboratory during 2 years with 
excehent results_ A technician can analyse 10 samples a day. A serum profile from 
a patient after intravenous administration of 200 pg of clonidine is shown in Fig. 6. 
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Fig. 5. Chromate for a 5-d serum staudard (a) without donib but with 10 ng of int,erqxl 
standard (2x and (b) with 1 ng of ckmidine (l)_ Direa iujection oa a packed c&sun (2 m x 2.2 
mm; 3% of 0%‘-17). Grrkr ga& 5% of lnethme in argon (30 ml/min); injecton temperat& 240”; 
column temper2tuk-e 240% deteztor te5qerature 3509 

al 
60 12a 240 360min B ’ 24h 

Fig. 6. S%-u.m profile from a patient after a 2tl&pg k&avertous dme of c~onidhe. 
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