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Abstract 0 d,/-Methadone forms a fluorophore when reacted with
paraformaldehyde in concentrated sulfuric acid. Based on this reaction,
a fluorescence assay suitable for quantitative d,I-methadone analysis
from plasma and other tissues was developed. d,I-Methadone was ex-
tracted at pH 9.2 from the deproteinized filtrate of plasma or of aqueous
tissue homogenate into an organic phase of 25% isobutanol in ethylene
dichloride. After an aliquot of the organic phase was evaporated to dry-
ness at 50-55° with an air jet, paraformaldehyde (0.1%, in concentrated
sulfuric acid) was added, and fluorescence was read at 450 nm with ex-
citation at 275 nm. By this method, d,/-methadone can be assayed in the
presence of its metabolites, morphine, diacetylmorphine (heroin), co-
deine, and cocaine; however, amphetamine, meperidine, and quinine
interfere.

Keyphrases O Methadone-—analysis, fluorescence assay, lung, liver,
brain, serum, rats O Narcotic analgesics—methadone, fluorescence assay,
lung, liver, brain, serum, rats O Fluorometry—analysis, methadone in
lung, liver, brain, serum, rats

During the past decade, d,I-methadone has been ex-
tensively used in maintenance and rehabilitation programs
for chronic diacetylmorphine (heroin) users (1). Most of
the work on its distribution and metabolic disposition
(2-4) has involved complex assays requiring labeled
methadone. Other available methods are not sensitive
enough to study d,l-methadone distribution following
therapeutic doses (5-9). Recently, a highly sensitive GLC
method (10) was reported.

When d,l-methadone is reacted with paraformaldehyde
in concentrated sulfuric acid by heating at 100°, a fluoro-
phore is formed (11). The purpose of this paper is to report
a fluorescence assay based on this observation. This assay
‘is applicable for methadone analysis from biological tissues
in nanogram concentrations.

EXPERIMENTAL

Reagents—All reagents were prepared from reagent grade chemi-
cals.

Zinc Sulfate Solution, 5% —Fifty grams of ZnSO+7H20 was dissolved
in glass-distilled water to a final volume of 1000 ml. The solution was
filtered to remove any turbidity.

Barium Hydroxide Solution, 4.5% —Forty-five grams of Ba(OH)o-
8H,0 was dissolved in glass-distilled water to a final volume of 1000 ml.
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The solution was filtered to remove any turbidity and stored in tightly
stoppered bottles.

Borate Buffer, pH 9.6—Fifty milliters of 0.1 M boric acid in 0.1 M XCl
was mixed with 36.85 ml of 0.1 M NaOH.

25% Isobutanol in Ethylene Dichloride—Isobutanol, 250 ml, was
mixed with 750 ml of ethylene dichloride.

0.1% Paraformaldehyde in Sulfuric Acid-——Paraformaldehyde, 25 mg,
was dissolved in 25 ml of concentrated sulfuric acid. This reagent was
prepared fresh just prior to use.

Procedure—Rats were pretreated with d,/-methadone and sacrificed
by decapitation. Blood and other tissues such as lung, liver, and brain
were removed. Plasma or serum was separated by centrifugation. Tissue
samples were frozen over powdered dry ice and stored at —20° until as-
sayed.

Just prior to assay, tissues were weighed and homogenized in distilled
water (1:3). A 2-ml aliquot of the homogenate or 1 ml of serum (or plasma)
diluted to 2 ml with distilled water was used for the assay. One milliliter
of zinc sulfate solution was added to each sample, and the contents were
thoroughly mixed on a vortex mixer before the addition of 1 m! of barium
hydroxide solution. After thorough mixing, samples were centrifuged at
1000Xg for 6 min'.

Two-milliliter aliquots of the clear supernate were transferred into
15-ml glass-stoppered centrifuge tubes, and 0.4 ml of pH 9.6 borate buffer
was added to give the final pH of 9.2. Six milliliters of 25% isobutanol in
ethylene dichloride was added, and the tubes were shaken on a recipro-
cating shaker? for a minimum of 10 min to facilitate methadone extraction
into the organic phase. The samples were centrifuged for 6 min at 1000Xg,
and the aqueous layer was removed by aspiration and discarded.

Three milliliters, or any other suitable aliquot of the organic phase,
was then transferred to a set of test tubes, and the contents were evapo-
rated to dryness under an air jet. The air was passed sequentially through
a column of water and concentrated sulfuric acid. The test tubes were
kept in a water bath maintained at 50-55°. Paraformaldehyde reagent,
0.1 ml, was added to each sample, and the tubes were transferred to a
boiling water bath for 15 min.

After the samples were removed from the bath, 7.1 mi of distilled water
was added to adjust the normality of the solution to 0.5. The contents
were mixed and left at room temperature. Thirty minutes later, the flu-
orescence was read on a spectrophotofluorometer® with the emission
monochromator rotary slit at 5, the excitation wavelength at 275 nm, and
the emission wavelength at 450 nm (uncorrected). Tissue blanks, using
tissues of untreated animals, and a set of standards were run simulta-
neously with each set of unknowns.

1 Model UV, International Equipment Co.
2 Eherbach model S1103.
3 Model SPF, American Instrument Co.
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Table I— R Values of d,I-Methadone (M), Metabolite I (M-I),
and Metabolite I (M-II) under Various Experimental
Conditions ¢

Ry Value
d,[-Metha- ~ Metabo-~ Metabo-
Experimental Condition done lite I lite I
M+ M-I+ M-I 0.58 0.27 0.96
Lung homogenate (untreated) 0.58 0.27 0.97
+M+ M-I+ M-Il
Lung homogenate (treated, 0.52 Not Not
Mg 20 mgﬁkg sc after detected detected
1 hr)
Liver homogenate (untreated) 0.46 0.21 0.98
+M+MI+M
Liver homogenate (treated 0.43 0.17 0.99
M, 20 mg% kg sc after
1 hr
Ref. 14 0.55 0.15 0.95

¢ Gelman instant TLC media and a solvent system of tert-amy! alcohol-n-butyl
ether-water (14:7:1) according to Ref. 14.

RESULTS AND DISCUSSION

Several homogenization media were evaluated, and the most desirable
results were obtained with glass-distilled water. The aqueous homogenate
or plasma was deproteinized by three different methods. When depro-
teinization was done with 5% ZnS0O4 and 4.5% Ba(OH)., the blank fluo-
rescence values were the lowest and the recovery the highest and most
consistent.

Individual organic solvents as well as solvent mixtures were tested for
their ability to extract methadone from aqueous solutions at various pH
levels. At pH 9.0-10.0, over 90% of methadone was extracted from the
aqueous phase into chloroform, ether, a mixture of 10% isopropanol in
chloroform, or a mixture of 25% isobutanol in ethylene dichloride. In this
investigation, a mixture of 25% isobutanol in ethylene dichloride was used.
With 25% isobutanol in ethylene dichloride, d,/- methadone was nearly
completely transferred from the aqueous into the organic phase, and an
extraction period of 10 min was satisfactory.

By using the systematic multiple fractional extraction procedure (12),
it was possible to demonstrate that at pH 9.6 up to 96% of methadone was
extracted from the aqueous into the organic phase. Evaporation of the
organic solvent by air could be achieved at 20-55°; however, it was best
performed at 50-55°. At higher temperatures, inconsistent results were
obtained. The recovery of d,l-methadone (0-50 ug) added to the aqueous
phase just prior to the extraction was about 96%, while the recovery of
methadone from tissue homogenate was between 75 and 80%.

The amount of paraformaldehyde reagent was not critical. The addi-
tion of 0.1 ml of 0.1% reagent was satisfactory for d,/-methadone con-
centrations ranging from 0.005 to 100 ug. Over the range of 0-50 ug of
d,l-methadone/sample, the fluorescence intensity increased linearly with
increasing concentration. The formation of the d,i-methadone fluoro-
phore was complete after ~15 min (Fig. 1), and it was stable for 1 hr at

30~

- N N
o ) [t
| 1 !

FLUOROMETER READING
o
1

1 . i
(] 10 20 30
MINUTES

Figure 1—Effect of heating time at 100° on the development of d,}-
methadone fluorophore.
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Table II—Tissue d,]-Methadone Levels in Nontolerant Male
Wistar Rats @ after 20 mg/kg sc

d,l-Methadone, ug/g of wet wt. (mean £ SE, n = 4)

Tissue 0.5 hr 1hr 2 hr 4 hr

Lung 54.2 + 6.7 64.0 £ 6.7 52.6 £ 6.8 18.3 + 4.1
Liver 25.1 £ 3.8 272+ 45 200+ 29 2.5 +0.2
Brain 4.1+0.1 4.2+ 0.2 3.0+ 03 1.3+ 0.3
Serum 1.3+£0.1 1.5 £ 0.04 0.9+0.1 0.7 x£0.1

¢ Average weight 200 g.

room temperature. During this period, the fluorescence intensity de-
creased only by ~10%, and the decrease was of the same magnitude in
both standard and unknown samples.

The last step, which consisted of diluting sulfuric acid with glass-dis-
tilled water up to 0.5 N, provided a way to measure d,!-methadone over
concentrations from 0.005 to 50 pg/sample because the fluorescence
output (arbitrary units per 100 ng of d,I-methadone) increased as the final
sulfuric acid normality decreased. For example, at the final normality
of 4.0, the fluorescence output was 0.8 unit/100 ng while at 0.5 N it was
83 units/100 ng.

The emission and excitation spectra of the “substance” extracted from
the tissues of treated rats closely matched those obtained by using au-
thentic d,l-methadone, indicating that the substance extracted was
probably d,/-methadone.

Further confirmation of the identity was obtained by a method (13)
that compares the distribution ratio patterns of a substance extracted
at various pH levels from the biological samples to that of authentic
chemical. If the distribution ratio patterns of the authentic and extracted
substances are identical, then the two substances are considered to be
identical. The distribution ratio pattern of “methadone” extracted from
the tissues was compared to that of authentic d,!- methadone. In repeated
experiments, the distribution ratios of authentic d,I-methadone and the
material extracted from brain homogenate into 25% isobutanol in eth-
ylene dichloride over pH 7.5-11.0 were almost identical (Fig. 2).

The third method used in the identification of the extracted substance
was TLC as described previously (14). Comparison of pure methadone
added to lung or liver homogenates and the substance extracted from
treated tissues showed nearly identical Ry values (Table I). These data
further support the claim that the substance assayed was d,/-metha-
done.

The two major methadone metabolites (2, 3) are 2-ethylidene-1,5-
dimethyl-3,3-diphenylpyrrolidine (Metabolite I) and 2-ethyl-5-
methyl-3,3-diphenyl-1-pyrroline (Metabolite IT). TLC studies indicated

o o
—1 —1—

DISTRIBUTION RATIO (C,/C, + C,)
(=]
3
1

0.6r
0.} i | | |
7.0 8.0 9.0 10.0 11.0
BUFFER pH

Figure 2—Distribution ratios of 25 ug of d,.-methadone between borate
buffer of various pH levels and 25% isobutanol in ethylene dichloride.
Key: 0, tissue homogenate of treated animals; A, d,)-methadone added
to tissue homogenate of untreated animals; and Q, d,1-methadone from
aqueous solution. Organic phase is Cy, and buffer phase is Co.
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Figure 3—Tissue d,)-methadone levels in the rat 60 min after subcu-
taneous administration of various d,|-methadone doses. Key: ©, lung;
O, liver; A, brain; and O, serum.

that these metabolites are extracted into the organic phase. However,
they do not form fluorophores with paraformaldehyde. Also, morphine,
diacetylmorphine (heroin), and codeine do not react with paraformal-
dehyde to form fluorophores. Cocaine forms a fluorophore but is not
extracted from the aqueous phase (pH 9.2) under the conditions em-
ployed. Therefore, cocaine probably will not interfere in the methadone
assay. Meperidine, amphetamine, and quinine form fluorophores with
paraformaldehyde, and they are extracted into the organic phase. To

remove the interference from these drugs, separation prior to their ex-
traction into the organic phase is necessary.

Table II gives the levels of d,l-methadone in lung, liver, brain, and
serum at various time intervals after 20 mg of d,/-methadone/kg was
administered to rats subcutaneously. Figure 3 shows that the tissue levels
were dose dependent.
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Abstract O A urinary excretion bioavailability study was conducted in
12 healthy male subjects to evaluate three 250-mg and three 500-mg
chlorothiazide tablet products. The study was a crossover design, and
urine samples were collected 1, 2, 3, 4, 6, 8, 12, and 24 hr after adminis-
tration of each dose. The resulting data were statistically analyzed for
significant differences in cumulative percent of dose excreted at each
sampling time, total drug recovery after 24 hr, maximum excretion rate,
and time of maximum excretion rate. No statistically significant differ-
ences were found between the three 250-mg tablets tested. The urinary
drug recovery after administration of one of the 500-mg products was

significantly (p < 0.05) lower than that from the other two 500-mg tablets.
The total mean recovery from each product ranged from only 11 to 20%,
indicating that in general chlorothiazide was not well absorbed following
oral administration. Attempts at correlating the urinary excretion data
with the dissolution rate determinations were not successful.

Keyphrases O Chlorothiazide—bioavailability, tablets, humans, urinary
recovery O Diuretics—chlorothiazide, tablets, bioavailability, humans
O Bioavailability—chlorothiazide tablets, humans

The Food and Drug Administration recently imple-
mented a bioequivalence requirement for chlorothiazide
tablets (1), and available information indicates that oral
chlorothiazide dosage forms might exhibit bioavailability
problems. The drug solubility is <1 mg/ml at pH < 7 (2—4),
and the usual oral dose is 0.5-1.0 g.

On the basis of urinary excretion studies, chlorothiazide
appears to be incompletely absorbed from the GI tract of
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animals and humans (4-6). These studies reported 10-58%
urinary recoveries of the oral dose administered to humans.
The low urinary recovery of unchanged drug is not thought
to be the result of other elimination routes since no me-
tabolites have been identified and the urinary recovery of
intravenously administered chlorothiazide approaches
100% (4, 6, 7).

In view of the potential for oral chlorothiazide dosage
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