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SUMMARY 

A sensitive gas chromatographic method for the quantitative analysis of atenolol in 
human plasma and urine is described. Atenolol is extracted with dichloromethane containing 
heptafluorobutanol to improve the extraction ability. Derivatization with trifluoroacetic 
anhydride in diethyl ether gives a bistrifluoroacetyl derivative which is more selectively 
detected by an electroncapture detector than is the corresponding heptafluorobutyryl 
derivative. The method allows determination down to 20 nmol/l(5 ng/ml) in 1 ml of sample 
with a relative standard deviation below 10%. 

INTRODUCTION 

Atenolol is a selective PI-adrenergic receptor antagonist with an acetamide 
substituent. This hydrophilic group contributes to a low distribution ratio for 
atenolol betieen an aqueous phase and organic solvents, and extraction proce- 
dures using 45-70s of l-butanol in the organic phase have been suggested 
[I-4]. Purification by pre-extraction followed by extraction with ethyl 
acetate has also been used [5]. However, such extraction solvents w-ill dissolve 
a considerable amount of water and the co-extraction of interfering substances 
will be extensive. Assay methods for atenolol in biological fluids have been 
based on either gas ch.roHzatography (GC) ti_th electron-capture detection [I, 
2,5] or liquid chromatography with fiuorometric detection [3,4,6] _ 

In the GC methods for atenolol either heptafluorobutyric anhydride [I, 21 
or pentafiuoropropionic anhydride [5] is used in the derivatization procedure. 
Without speciai precautions, such as back-extraction, these reagents will give 
high background signals, remlting in difficulties in obtaining accuracy and 
reprodticibiliw at low atenolol levels. The method described includes. a single 
effitiient..batch +racti&~ v&h he&afluorobutanol in dichl&romethane and a 
more selective acylatidn reaction with tr%boroacetic anhydride. 
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A Eiew~etWackard 5700 gas chromatograph equipped with a pulsemodu- 
lated 63Ni &ctron-capture detector and an I-mV recorder wss used for the 
analysis. The glass column (2 m X 2 mm I.D.) was filLed with 3% OV-1 on Gas- 
Chrom Q (100-120 mesh) (Applied Science Labs., State College, PA; U.S.A..) 
and operated at 180°C. An injector temperature of 200°C and a detector tem- 
perature of 300°C were chosen. The flow-rate of the carrier gas (argon with 5% 
methane) was 30 ml/min. 

A V&an MAT 112 gas chromatograph--mass spectrometer was used to char- 
acterize the derivatives of atenoid and of the internal standard. 

ReaCfents and chemicals 
Dichloromethane, diethyl ether and toluene, obtained from Fisher Scientific 

(Pittsburgh, PA, U.S.A.) were purified by distihation. IEFJH-Heptafiuoro- 
butanol was purchased from Bristol Organics (Bristol, Great Britain). Tkifl~~om- 
acetic anhydride (Fluka, Buchs, Switzerland) was purified by distiliation and 
stored at -20%. Sodium chloride (pro analysi from Merck, Darmstadt, G.F.R.] 
was baked at 500°C for 8 h. Atenolol and the internal standard, H X5/87 
(Fig. l), were supplied by the Department of Organic Chemistry, AB Hassle. 
Stanciard solutions of atenolol and the internal standard were prepared in dilute 
hydrochloric acid (0.01 mol/l) to produce working standard sohrtions with 
concentrations of 6 ~molfl. 

CH$ON% CHZCH2CONk$ 

All tubes, pipettes and other glassware were wzshed in a laboratory dish- 
wssher with detergent at pH 12, rinsed with phosphoric acid solution (pH 2) 
and with deionized water and finally dried at 60°C. 

Distribution ratios (a) for atenolol between aqueous buffer solutions (pH 
11-12, I = 0.10) and dichloromethane were determined by shaking in centri- 
fuge tubes for 30 min at 25°C. The distribution c&&ant was found to be 0.26. 
Solid sodium chloride was added to the aqueous phase in some of the studies 
and varying percentsges of heptanuorobutsnoi to the dichloromethane phase 
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Fig. 2. Distribution sati0 (D) of atenolol. Organic phase:-dichloromethane containing varying 
amounts of I-butenol (X ) or hepkfluorobutanol (o)_ Aqueous phase: carbonate buffer solu- 
tion, pH = 11, I = 0.10. Tbe dotted Ime represents the distribution ratio in the absence of 
added alcohol. 
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Fig. 3. Distribution ratio (D) of ate~olol between dichloromethane 2nd an aqueolus phase 
(sodium hydroxide 0.1 mol/L) containing sodium chloride. 

- 

Urine or phsma (O.l-LO_ ml) was transferred to a IS-ml centrikge tube 
(fitted with a PTFE-lined screw cap) containing 100 pl(O.6 nmol) of the in- 
tend standard solution and 0.5 e of sodium chloride. Sanmle volrrmes of less 
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titan 1.0 Deere-corrected byaddjngwater_Theaqueous phasewasmade 
alk&ae by ad- 50 ~1 ofaso~~hydroxidesolution(2~~~/f)foIfowed~ 
50 91 of -phosphate buffer (pH = 12, I = 2) and extracted with ILo- mf of tii- 
cbloromethane containing 3% (v/v) of hept.afhzorobutanoL Aftfzshaking for 
10 min and cenkifugkg, the organic layer was transferred to a second scree- 
capped tube and evaporated to dryness at 40°C under a gentle stream of dry 
nitrogen. The residue was dissolved in 500 ~1 of &ethyl ether and 40 cti of ti- 
fluomacetic anhydride was added. The reaction mixture was allowed to stand 
for 15 min at room temperature and then evaporated to dryness under a gentle 
strezm of dry nitrogen at room temperature. The residue was dissoLved in 300 
~1 of toluene and 2 ~1 were injected into the gas chromatograph. 

Three reference ,aples were prepared by adding LOO ~1 of the atenolol 
working standard solution (6 trmol/l) to 1 ml of blank plasma or urine. These 
samples were analy-ted as described above. The peak height ratio of the atenolol 
derivative to the internal standard derivative was calculated for each chromato- 
gram. The average of the peak height ratios for the reference samples was used 
for the quantitative evaluation of the authentic samples. 

RESULTS AND DISCU!3!3ION 

As an alternative to 1-butanol, Haprtvig et al. (71 have suggested the addition 
of heptafluorobutanol to the extiction solvent. Heptafluorobutanol added to 
dichloromethane improved the distribution ratio of atenolol significantly, as 
shown in Fig. 2. Heptafiuorobutand, 6% (v/v), in dichloromethane gave ahout 
the same distribution ratio as 50% 1-butanol. Using our method, 3% hepta- 
fluorobutanol in dkhloromethane (D = 1.35) will give an extraction degree of 
about 92% w&h a phase volume ratio (V,,&V& of 8. 

The extraction of atenolol into dichloromethane can also be improved by 
the addition of sodium chloride to the aqueous phase (Fig. 3). By saturation of 
the aqueous phase with sodium chloride (0.36 g/ml} and with a phase volume 
ratio of 8,96.5X of &en0101 will be extracted into the organic phase. 

Combining the addition of sodium chloride with the presence of hepta- 
fluorobutanol in the dichloromethane phase as proposed in the method will 
give a quantitative extraction of atenolol (> 99%). The shaking pmcedure 
should be performed with care as the presence of heptafluorobutanol in the 
organic phase in combination with sodium chloride in the aqueous phase may 
otherwise cause formation of an emulsion that makes extraction more difficult. 
Since the internal standard H 155/87 contains one methylene group more than 
atenolol (Fig. l), the extraction of this substance will always be better. 

Derivatization 
Amines extracted fkom the biological sample will undergo acyk&ion when 

trkated with-perfluorated anhydrides. The electron+zapture.response of -such 
derivafives kvery dependent on the type of anhydride used. Mono-derivatives 
of trifluor&cetic anhydride are between PO0 and 1000 times less sensitive to 
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electmn-captuEe detection. than derivatives of hepta.fiuorobxAyric anhydxide, 
as reported by- Ervik et aL [Sj.. However, d&derivatives of the same tppe as 
acyM& atendol are of almost equal sensitivity irrespective of the character 
of &e perfluoroanhydride used (Walle and Ehrsson [9] ). The use of trifiuoro- 
acetic anhydride as ;tcylating agent will thus incxease the selectiviQ~ of the 
me’Jrod-for atenolol and related compounds compared to most m-e&racW 
interfering amines. 

Gas ehromatogmms from analysed plasma &nples (Fig. 4) demonstrate the 
advantege of trifluoroacetic anhydride over heptafkorobutyric. anhydride with 
regard to the extent of interfering peaks. The derivatlzation react&m is per- 
formed according to the method by Scaks ad Copsey [I]. No increase in the 
relative formation of atenolol derivative was achieved by using another solvent 
or by adding a catalyst such as triethylamine. In the studies of the reaction con- 
ditions, a known amount of l,l,l-ticbloro-2,2-b= @cb.lonphenyl)ethae 
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Fig. 4_ Gas cbromatograms obtained by analysing the same plasma sample by using (A) tri- 
fhonxcetic anhydride and (3) beptd3uorobntyxic anhydride as the derivatizing reege~t. 
Pea&~ I = atenalal(O.3 crmol/L) and If = internal standard. 
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(DDT) was added to- Ge S&&W before hjection~as- an -interpal marker- :3x1 
ius&xes wfiere.&e catal& was present-the resulting reaction:m*~ mts 
puS%d accord@g to the-method of WaUe snd Ehmmn [IO]. The influence of 
the z&q&ride comentration in diethy~ ether Gsalso examined and the remits 
are shown in Fig_ 5; 32e highest relative- recovery ‘is obt.zhed wheti, the eon- 
centition of the anhydride- is about 8% (v/v)_ The formation of thedhivative 
is completed vz3S.n 15 min at roor~ temperature_ The derivative is -&able in 
tohzene for sevem? days. -4cyl.ation of the amide group r&&t-s irz the f&mat&m 
ol a r&de, as shown by Scales and Copsey [Il. The s&eM of the d&-tie 
was confirmed by mass spectrometry (Fig. 6). .- 
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Fig- 51 hfhxxe of trifhoroacetic anhydride (TFAA) concentration on tke formation of 
the trifluo roacetyl derivative of atenolol. Reaction conditions: time, 15 Knin end room 
temperature. 

100 

1 

2 

152 

i 

303 

Fig_ 6. B&s spectnun of the tzifluaroacetyl derivative of atmoM_ V&am MAT 112, GC 
inlet, ekctron impact, 60 eV. ., 



~Stidard cnrves were cons~cted by- analysing’ plasma and urine samples, 
towhichkn~vkamounts ofateno~ol~adbeenadd~.Theclrr~es~e~~~~ 
-~dp~~ughEheori~,indieatingnoLossesorinterferen~es. 

The precision of the method was studied v&bin the concentration range of 
113 waol/l to zero. The relative &andard deviation was below 10% down to a 
concentration of 20 nmol/l of sample, and this level was defined as the mini- 
xnmn determinable concentration when ming 1 ml of sample. 
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