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SUMMARY 

The determiuation of ethambutol in plasma is described. Using ethambutol-d, as an in- 
ternal standard, ethambutol and the internal standard were extracted with chloroform un- 
der alkaline conditions, and converted into their trifluoroacetyl derivatives with trifluoro- 
acetic anhydride in benzenepyridine (4:l). Selected ion monitoring was carried out by 
monitoring the peaks at m/z 294 and 296 corresponding to the fragment ion [M/2]+ of the 
derivatives. Ethakbutol was determined by use of the peak height ratio of the peak at m/z 
294 against that at m/z 296, 

The method. was utilized successfuUy for studying the bioavailabiity and pharmaco- 
kinetics of the drug. 

An anti-tuberculosis drug, etharnbutol dihydrochloride (EMB-BHCl), d-2,2’- 
(~thylen_@imino)-di-l-butanol dihydrochloride, has been widely used in the 
tr&m&t”of tujxzculosis. The absorption, metabolism and excretion of the 

drug-ha+ beeri- exzkined ki detail by use of 14C-labeJkd EMB [I-S] _ -It is well- 
knciiva th&*ee therapeutic -and toxic r&ponse& to EMB relate closely to the 
plaGna I&&z bf the drug, and that plasma levels of 3-5 pg/ml are required for 
treatment. .‘I’herefore it mi&t be significant to determine the ch&acteristics of 
EMB ptip&ations by measuring the-drug in plasma: -. 

= Sev~~.cOlorinietric‘metho& -[6-S] have been reported-for the determina- 
tititi of ,EMB h biological flu&; however; they were nqt necessarily sufficiently 
sensitiv6 .orsekctiv~ to apply-t& plasma samples, ~R,ecentl$ an electronCapture 
gas_chroma~g?a~hic~tietI$od [S;ltJ] and.selected ion monitoring (SIM) using 

_.__-_. [r.._*-.;‘- -.:. .~_ -_ :_ __. _- - __. . .: .L_ . ..< .:. 
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the chemical ionization mode [ 5,111 were presented to this end. 
In order to examine the bioavailability of EMB preparations, a more con- 

venient method was required for the routine determination of EMB in’plasma. 
As a result of some modifications of existing methods [ 5,9-111, we devised a 
convenient SIM method for the determination of EMB in plasma using EMB-& 
as an internal standard. Tbis paper describes tile method and the pharmaco- 
kinetics of EMB in beagle dogs. 

Chemicals and reagents 
EMB-2HCl was of J.P.IX grade (Lederle Labs., New York, NY, U_S_A.). 

EMS& - 2HCl was synthesized from dl-Zaminobutanol (reagent grade; Tokyo- 
Kasei Kogyo, Tokyo, Japan) and 1,2-dibromoethane-d, (isotope purity 99%; 
Merck Sharp & Do-hme, Dorval, Canada) by the method of Wilkinson et al. 
[ 5,11,14] _ Trifluoroacetic anhydride (TFAA) w&s purchased from Tokyo-Kasei 
Kogyo. All other chemicals were of reagent grade (Kishida Chemicals, Tokyo, 
Japan) and used without further purification_ A stock EMB solution was pre- 
pared by dissolving 13.5 mg of EMB-2HCl in 100 ml of water; it was stored at 
5°C protected from the light. Standard samples were prepared by spiking blank 
plasma with the stock EMB solution at a concentration of 0.1-5 pg of EMB 
per ml of plasma; these were stored at -20°C until analyzed. An internal stan- 
dard solution was prepared by dissolving 13-5 mg of EMB& - 2HCl in 100 ml 
of water; this was stored at 5°C. A 1 M HCl in methanol solution was prepared 
by diluting concentrated HCl with methanol. 

Plasm5 samples 
Plasma samples were taken at seven intervals during 10 h after a single ad- 

ministration of 125 mg or 250 mg of EMB-2HCl (commercial tablet) to four 
male beagle dogs together with 10 ml of water. Each dog was fasted for 16 h 
before and for 3 h after the drug administration_ Blood was collected in 
heparinizecl syringes by venipuncture, and centrifuged in the usual manner to 
separate the plasma. The plasma samples were stored at -20°C until analyzed. 

Analytical procedure 
Scruple preparation. To plasma samples of 0.5-1.0 ml corresponding to 

0.1-5 pg EMB, in a 12-ml glass-stoppered centrifuge tube were added exactly 
0.1 ml of the internal standard solution, 0.5 ml of 4 N NaOH and 6 ml of 
chloroform. The tube was shaken vigorously for 10 min and centrifuged at 
2000 g for 10 min. The aqueous layer was removed by aspiration. To the organic 
layer were added 3 drops of 1 M HCl in methanol, and then the solvent was 
evaporated +& dryness in vacua. The residue was dissolved with 50 ~1 of ben- 
zene-pyricline (4:1), and reacted with 50 ~1 of TFAA for 2 h at room temper- 
aturs to give sample solutions. The sample solutions were analyzed by SIM. 

Conditions for selected tin monitoring_ A Hitachi gas chromatograph-_mass 
spectrometer equipped with multi-ion monitor, Model RMU-GMG, was used. 
The column was a 1 m X 3 mm I.D. glass tube packed with 2% OV-17 coated 
on SO-100 mesh Gas-Chrom Q. The column was kept isothermally at 15O”C, 
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the injection port and the separator were held at 180°C and 25O”C, respective- 
ly. Helium was uss as a carrier gas at a flow-rate of 40 ml/ruin. The ionization, 
acceleration and ion multiplier voltage were set at 30 eV, 3.2 kV and 1.8 kV, 
respectively. The ionization chamber was held at 160°C. Both the exit and col- 
lector slits were set at 0.2 mm. The ions at m/z 294 and m/z 296 were used for 
monitoring_ The recorder attenuation was chosen in the range 0.05-2.0 V in 
accordance with the concentration of EMB in the sample solutions. The sample 
size was l--3 Al_ 

Calculations. The concentration of EMB iu plasma samples wss determined 
from a calibration curve prepared by using the peak height ratio of m/z 294 
against m/z 296_ The calibration curve was obtained with the standard samples 
treated in the same manner as the plasma samples. 

Gas chromatography-mass spectrometry 
About 5 ml of the stock EMB solution (0.5 mg EMB) or of the internal stau- 

dard solution (O-5 mg EMB-d,+) were taken into a glass-stoppered tube, and 
evaporated to dryness in vacua. The residue was reacted with TFAA in a man- 
ner similar to that described iu Sample preparation to prepare the injection so- 
lution for gas chromatography-mass spectrometry. Mass spectra were obtained 
by electrogmphical recording under conditions similar to those described for 
SIM. 

RESULTS AND DISCUSSION 

Mass spectra 

In order to determine the EMB derivative for SIM analysis, we examined 
both the trifiuoroacetyl (TFA) and the trimethylsilyl (TMS) derivatives. Both 
TFA EMB and TMS EMB eluted as a single, sharp and symmetric peak as re- 
ported by several authors [5,9-131. After examining in detail the comparative 
merits of both derivatives, we chose TFA EMB in view of its stability. The sm- 
bihty of TFA EMB is superior to that of TMS EM33 as suggested by the referees 
of this journal. 

Fig. 1 shows the mass spectra of TFA EMB and TFA EMB& together with 
the assignment of the maiu peaks. The spectra did not involve the molecular 
ion peaks [M] + (m/z 588 for TFA EMB and m/z 592 for TFA EMB-d,); how- 
ever, the peaks at m/z 570 of TFA EMB and at m/z 574 of TFA EMB-d, indi- 
cated the respective tetratrifluoroacetyl derivatives. The base peak consisted of 
the peak corresponding to the fragment ion [M/2]* (m/z 294 for TFA EMB and 
m/z 296 

m/z 296 arisbg from TFA EMEi nor that at m/z 294 arisiug 
from TFA EMB-d, _ Taking into account the mass spectral feature of the TFA 
derivatives, the fragment ion [M/2]’ was preferred for the SIM analysis. 

Selected ion monitoring profiles 

Fig. 2 shows the SIM profiles of EMB in plasma obtained using the analytical 
procedure. TFA EMB and TFA EMB-d4 elute at 2.3 miu and 2.0 miu, respec- 
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TABLE1 

PRECISION OF THESlMMETHODFORTHEDETERMINATIONOF-UTOL 
(EMB)INPLASMA 

n = 7. 

EMRadded EMRfoound(rrg/ml) 
(la/mu Meankan C.v_(%) Recovery(%) 

0.105 O-102* 0.0087 8.53 97.1 
O-527 0.520 + 0.0291 5.60 98.7 
5.27 5.31 + 0.116 2.18 100.8 

sensitivity and precision would be acceptable for the evaluation of the bioavail- 
abiity of EN?!? preparations and the pharmacokinetics of the drug. 

The addition of hydrogen chloride to the chloroform extract was necessary 
to prevent the loss of EMB and the internal standard (EMB-d4 ) in the concen- 
tration process. When HCl was not added, no quantitative results could be ob- 
tained. 

On the use of the TMS derivatives 
The TMS derivatives of EMB and EMB& were also applicable to SIM by 

monitoring the fragment ion [M-CH,OSi(CH&]+ (m/z 245 of TMS EMB, m/z 
249 of TMS EMB&) using the same clean-up method and analytical conditions 
as described in analytical procedure, Trimethylsilylation proceeded quantita- 
tively to completion with N-trimethylsilylimidazole in acetouitrile within 10 
min at room temperature. The derivatives were stable for 24 h at room tcmper- 
ature; however, they decomposed gradually giving no peaks 3 days after deriva- 
tization. We did not use TMS EMB because its stability was inferior to that of 
TFA EMB, 

Application to the bioavailability and pharmacokinetics of EMB 
The SIM method was utilized for studying the bioavailability of EMB prep- 

arations in dogs_ Fig, 3 s ummarizes the time course of EMB in the plasma of 
beagle dogs after a-single oral adminktmtion of 125 mg and/or 250 mg of 
EMB- 2HCl tablets prepared in our laboratory. 

There were individual differences in the plasma profiles of EMB, however, the 
mean values showed good dosedependence. EMB was absorbed rapidly from 
the gastrointestinal tract to reach a maximum plasma level at 1 h after oral ad- 

- I 
muustration; it-was eliminated smoothly, the plasma level becoming one-tenth 
of the maximum level at 7 h. In addition, the elimination process could be in- 
terpreted in terms of a twocomp&ment open model, 

The distribution rate constants, k12 and &, between the central compsrt 
ment (C,) and the tissue compartment (C;), +nd the elimination rate constant 
Kd, were calculated by computer fitting to give 0.36 h-? , 0.34 h-’ and 0.83 
h-r , respectively_ It was also estimated that EMB in the plasma was distributed 



(n) 

Fig. 3. Time course of ethambutol (EME) in beagle dogs after the oral administration of 125 
mg of EMB2HCl per dog (0) and of 250 mg of EMB-2HCl per dog (0) in the form of com- 
merrlial tablets. Each value is the mean r standard error (n = 4). 

into the tissue compartment with a half-life of 0.6 h, and that it was eliminated 
with a disposition (8) half-life of 3.6 h. It is of interest that the pharmacokinetic 

pattern of EMB in man [5] is similar to that in dog, and different from that in 
rhesus monkey [9]_ 

The SIM method was also applicabIe to urine samples. We believe that this 
SIM method can be utilized conveniently for the routine analysis of EMB in 
biological fluids. 
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