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EthambutoI (EMB) is a valuable and effective drug used in the treatment of 
tubercuiosis. In previous pIasma and urine assays for EMB microbiologicaP, chem.&P, 
and radiological3 methods have been utihzed. Althougb several gas chromatographic 
(GC) procedures have been previously reported’.‘, these methods may o&y be used 
to measure quantities of drug much greater than those found in biological samples. 
The pharmacokinetic study of ElMB requires a sensitive and specific method of 
measuring the unchanged compound in plasma and urine. A gas-liquid chromato- 
graphic (GLC) method has been developed for EMB involving derivatization with 
trifluoroacetic anhydride (TFAA) and subsequent quantitation using an electron 
capture detector_ Because of a close similarity to EMB, dextro-2,2’-(ethylenediimino)- 
di-1-propanol (MEMB) was chosen as interna standard. 

EXPERIMENTAL 

EtMB (h4yarmbutola) aud MEMB were graciously supplied by Lederle Labs. 
(Pearl River, NY. 10962, U.S.A.); potassium hydroxide, chloroform (A-R.), ben- 
zene and methylene chloride (nano,gde) by Mallinckrodt (St. Louis, MO., U.S.A.); 
pyridine and TFAA (sequanal grade) by Pierce (Rockford, IX, U.S.A.). 

Procedure 
Samples of 0.2 ml of plasma or urine, to which 5 pg of internal standard had 

been added, were extrrcted with 8 ml of chloroform for fQ min under alkaline con- 
ditions_ Portions of the chloroform were transferred to another tube and evaporated 
to dryness under nitrogen. Methylene chloride (0.5 ml) was added and evaporated 
to dryness to ensure the azeotropic removal of water. Residues were dissolved in I ml 
of benzene and made alkaline with diluted pyridine (I:4 in benzene). Derivatimtion 
was initiated by adding TFAA and was complete in 2 h. Excessive derivatizing agent 
was washed into the aqueous phase using 0.01 A/i HC1. An approp&te aiiqnot of the 

benzene layer was injected into the gas chromato_=ph. -4 Ovarian-Aerograph J&ode1 
27of! eq-uipped with a scandium tritide electron capture detector was used under the 
following conditions: glass- column, 6 ft.- x Ii8 in., 3% QV-17 on Gas-Ch.r~m Q, 
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1a*lza mesh;- carrier gas (nitrogen) Bow-rate, 20 ml/min; injector temperature, 
210”; oven temperaturq 157”; detector temperature, 230”. 

Under the chromatographic conditions described above, MEMB and EMB 
have retention times of 2.5 and 4 min, respectively (Fig. 1). A typical calibration curve 
prepared by extracting human plasma sampIcs containing different concentrations of 
EM3 and 5.ag of MEMB is shown in Fig. 2. The ECD response is linear between 
0.1 and 2 pg, but the calibration curve was constructed between 0.1 and 1 +g, where 
therqzeutic concentrations can be convenient!y interpolated. Table I contains peak 
height ratios obtained from caIibration curves prepared in human plasma, human 

_-LA LA,. 
Fig. 1. Typical chromatogram of EMB (0.1 N 1.0 yg) and MEMB (5 pg) derivatives. Retention 
time. 2.5 min for MEMB and 4 min for EMB. 
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Fig. 2. Calibration curx relating the peak height 
the human pksma s2mpIes. 

the kUll0IUlt Of EMB present in 
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.TABLEI 

PEAK HEIGHT RATIOS FOR THE Xi&R SETSOF CA~MTION CURV?3- L ~- 

l3ch number represents the average of three samples per concentration. 

E&fB (a& Peak height ratio (PHR) 

E&man plume Hufnmz ufirze Mor&y phma Monkey urine 

0.1 0.10 0.10 0.11 0.09 
0.2 0.21 0.18 0.21 0.19 
0.3 9.30 0.30 0.28 0.28 
0.5 0.51 0.47 0.47 0.48 
0.7 0.67 0.67 0.69 0.70 

1.0 0.9-i 0.89 0.90 0.89 

urine, monkey plasma, and monkey urine. Each value represents the average of three 
samples at each concentration. 

Arguments have been raised regarding the advantage of using peak area over 
peak heiaht6.‘. A theoretical discussion on this was presented by Jan@. For compari- 
son purposes, the peak heights were measured usin, = a Type A-25 Varian recorder and 

the peak areas integrated using a 3370B Hewlett-Packard integrator. Fig. 3 contrasts 
the calibration curves prepared from peak height ratio and peak area ratio (assay 
done on Varian 1430, oven, 168”, other conditions the same). Linear regression shows 
that both curves are equally good with rZ = 0.96 for the former and 3 = 0.95 for 
the latter. The-m is no essential difference between choosing peak height or peak area 
as a measure of the detector response. 

2.4f 
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Fig. 3. Czdibration curves contrasting the use of peak height ratio 
2sameasure of detector response. 0, PHR; *, PAR. 

(PHR).actd peak area ratio (PAR) 

Several cohxnn packings were tested and 3 % OV-25 on Gas-Chrom Q was 
found useful. However, since QV-17 is a universal liquid phase which has multiple 
utility, our assays were carried out exclusively on QV-17. 

Hept&uorobutyric anhydride was a!so found useful as derivatizing agent for 
EMB, but minor peaks eluted wi+b a ionger retention time tend to slow down the assay 



process. TFAA does not -give these minor Feaks 2nd should be considered 2s first 

choice. 
Another i&em21 stindxd, &IO-decanediol (Aldrich, Milwaukee, Wise., 

U.S.A.) was used- before the methyl ana!og of EMB~had been supplied by Ledede 
Labs, Decanediol Serves 2s 2 good internal standard with 2 retention time of 2 min. 
However, since the compound is insoluble in water, 2liquots mllst be prepared in 
orgtic solvents,~which then in2y cause difficulties in obtaining accurate volumes when 
pipetting procedtires are used. 

Preliminary one-week stability tests were performed by dissolving 0.1 and OS 
pg of EMB In 0.2 ml of plasma, which w2s then frozen for periods of Tao, four, 2nd 
seven days. The results (Table II) show that EMB is stable in plasma on freezing for at 

least one week. 

The assay of EMB from whole blood was also attempted. Red blood cells were 
naturally hemolyzed by freezing. The same assay procedures were followed 2s de- 
scribed for the plasma assay. No interference from red blood cell constitutents was 
found. The calibr2ation cm-ve is similar to that prepared from plasma, indicstting that 
EMB 2nd the internal stind2rd may be exiracted equally well from blood 2nd plasma. 

THE EFFECT OF STORAGE ON PEAK HEIGHT RATIO 

0.1 O.fa4 0.106 0.111 0.107 
0.5 0.495 0.506 03 1 0.508 

Fig. 4. A typical plasma concenbzztion time curve 
a rhesus monkey. 

for ‘an mo-rilg intravenous injection of EMB in 
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The TFAA derivatives of EM3 and MEMB are stabfe in benzene sohition for 
several weeks, Nevertheless, the peak height ratio may change if the tubes are not 
tightry capped and vaporization occurs. 

The assay procedures dacribed here are we:1 suited to measuretherapeutic 
levels of EMB in patients. Experiments utilizing this-procedure in bo’rh animah and 
humans are presentEy in process in our laboratoq~ A typlcaf plasma concentration 
rime curve for an lOO-mg intravenous injection of EMB in a rhesus monkey is depicted 
in Fig. 4. 
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