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A METHOD FOR THE MEASUREMENT OF
TOTAL DRUG CONVERTIBLE TO CYSTEAMINE:
APPLICATION TO PHARMACOKINETIC
EXPERIMENTS WITH ETHIOFOS

B. K. Huelle, N. F. Swynnerton, and D. J. Mangold

Southwest Research Institure
Chemistry and Chemical Engineering Division
6220 Culebra Road
P. O. Drawer 28510
San Antonio, Texas 78284

ABSTRACT

An analytical method has been developed for the quantification
of cysteamine (2-aminoethanethiol) in plasma. A reductive sample
pretreatment is used to convert disulfide-bound cysteamine to the
free thiol which is subsequently separated by HPLC and detected by
electrochemical detection (LCEC). The method was developed to
follow drug disposition after administration of ethiofos (WR-2721,
§-2-(3-aminopropylamino)ethyl phosphorothioic acid) and WR-1065
(2-(3-aninopropylamino)ethanethiol). Standard calibration curves
were linear over the range 0.01- to 25.0 pg/mL (0.130-324 uM) and
a minimum detectable quantity of 0.01 ug/mlL was calculated at a
signal-to-noise ratio of 3. Assay precision over the same range
averaged 27 (coefficient of variation) and relative recovery, used
as a measure of accuracy, was 100Z. Stability of cysteamine in
plasma, relative to an internal standard (2-aminopropanethiol,
WR-186) was good; stored samples were found to contain an average
of 94.6 + 10.42 of the original cysteamine concentration following
28 days at -75 ‘C.

This method was successfully applied in dosing experiments
with rhesus monkeys in which ethiofos was administered into the
cephalic vein (IV), portal vein (P) and duodenum. In IV experi-
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ments total WR-1065 plasma concentrations greatly exceeded total
cysteamine concentrations. While results indicate formation of
free and bound cysteamine is not a major metabolic pathway of
ethiofos, increased levels of bound cysteamine were observed.

INTRODUCTION

The radioprotective drug ethiofos (S-2-(3-aminopropylamino)-
ethyl phosphorothioic acid) is known to be rapidly cleaved in the
body to its thiol metabolite WR-1065 (2-(3-aminopropylamino)-
ethanethiol), the compound thought to be ultimately responsible
for the radioprotective effect (1-4). WR-1065 may form a sym-
metrical disulfide, bis(2-(3-aminopropylamino)ethyl disulfide
(WR-33278) or may react with endogenous thiols to form mixed
disulfides. We previously reported analytical procedures for the
combined measurement of ethiofos, free WR-1065, WR-1065 covalently
bound in disulfide form ("total WR-1065") (5) and for free WR-1065
in plasma (6,7).

Studies with [140]ethiofos indicate further metabolism of
WR-1065 (8). Butler et al. (9) reported the appearance of
cysteamine mixed disulfides following treatment of fibroblast with
WR-1065. The latter group suggest that cysteamine is formed by
enzymatic oxidative deamination of WR-1065 to give an aldehyde
which then undergoes f-elimination.

Methods have been reported for the determination of free
cysteamine. Measurement in plasma was done using amino acid
analysis/ion exchange column chromatography (10) but the authors
questioned the accuracy of the method. A plasma and urine
radioassay for free cysteamine was reported (ll) using high-
voltage electrophoresis on paper. Free cysteamine in tissues was
determined using an enzymatic-spectroscopic technique (12) and
HPLC/ECD (13); however, validity of the later method was not
established. As part of a program to study the disposition of
ethiofos and WR-1065, we developed a method to measure in a single
procedure free cysteamine and cysteamine covalently bound in

plasma as reducible disulfides. Measurement of "total cysteamine”
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may give information useful in the study of ethiofos bioavailabil-
ity.
MATERIALS

Instrumentation
The HPLC system consisted of an injector (Rheodyne Inc.,

Cotati, Cal., Model 7125) fitted with a 100-uL loop, pump (Labora-
tory Data Control, Riviera Beach, Fla., Model Constametric III), a
C-18 guard column (30-40 um Perisorb) and a polyfunctional C-18
chromatographic column (Brownlee Labs, Santa Clara, CA.,
Model OD-224, 220 mm X 4.6 mm ID, 5 um Spheri-5). Cysteamine was
amperometrically detected at a Hg/Au electrode (Bioanalytical
Systems, Inc., West Lafayette, Ind., Model LC-Aﬁ) maintained at
+ 0.15 V vs. Ag/AgCl. A Houston Instruments Omniscribe™ strip
chart recorder (Model B5136-5) was used to record the amperometric
output from the detector.

Reagents and Solutijons

All chemicals were reagent grade or better. The hydro-
chloride salt of cysteamine (2-aminoethanethiocl) was purchased
from Aldrich Chemical (Cat. No. 12,292-0). The hydrochloride salt
of WR-186 (2-amino-l-propanethiol) (Bottle No. AR 84966) was
furnished by Walter Reed Army Institute of Research. Solvents used
were HPLC grade and water was treated with a Milli-QTM purifica-
tion system (Millipore, Bedford, MA).

Stock solutions (1 mg/mL) containing cysteamine and WR-186
were prepared by dissolving the solid material in 0.1 M chloro-
acetic acid/0.2 M perchloric acid (1:3) adjusted to pH 3. Fresh
stock solutions were prepared weekly and stored at 0-4 ‘c.

The mobile phase was 0.1 M chloroacetic acid (adjusted to
pH 3.0)/acetonitrile (82:18) containing §-12 ion-pair reagent
(sodium dodecanesulfonate, Regis Chemical Co., Morton Grove, Ill.)
in a concentration of 0.6 mM. Apparent final pH of the mobile
phase was 3.4. The eluant was filtered (0.45 pm Nylon-66 filter,
Rainin Instrument Co., Inc., Woburn, MA) and degassed under

vacuum. Flow rate was maintained at 1.2 mL/min.
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METHODS
Sample Preparation

Plasma was obtained from whole blood by centrifugation at
15,600 xG for 1 min. Separated plasma (100 pL) was added to
prechilled polyethylene tubes containing either 0.1i- or 1.0 pg of
the internal standard WR-186 in 200 uL of cold 0.1 M chloroacetic
acid/0.2 M perchloric acid (1:3), pH 3.0. The tube contents were
mixed for 10 s and rapidly frozen by immersion in a dry ice/
2-propanol bath. Samples were stored at -75 "C until time of
analysis. While thawving plasma samples at room temperature, the
following reagents were added: 200 pL of 302 (v:v) tri-n-butyl-
phosphine in chloroform and 200 uL of 0.1 M chloroacetic acid/
0.2 M perchloric acid (1:3), pH 3.0. Contents of the sample vial
vere mixed vigorously for 1 min, placed in a constant temperature
bath at 70 °C, and incubated for 30 min. After the sample was
cooled in an ice bath and centrifuged for 1 min, 100 xL of the
aqueous layer was injected onto the HPLC column.

Four concentrations of cysteamine in plasma were examined in
duplicate for relative stability over a 4-week period: 0.01-,
0.1-, 1.0- and 10.0 pg/mL. Samples were prepared by combining
100 puL of the appropriate concentration of cysteamine, 100 gL of a
10.0 pg/mL solution of WR-186 and 100 pL of plasma. Samples were
quick-frozen in a dry ice/2-propanol bath and stored at -75 °c

until analyzed.

Animal Dosing Experiments (14)

Three healthy male rhesus monkeys (Macaca mulatta), 2-3 years
old and weighing 3-5 kg, were quarantined 6 weeks for tuberculin
testing and were maintained on a recorded regular diet until the
time of the experiment. Solid food was withheld from 4 PM before
the experiment until 5 PM the day of the experiment and water was
glven ad libitum. Using ketamine as the anesthetic, a cannula was
placed in the femoral vein of each animal approximately 48 hours

prior to the dosing study.
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Ethiofos (on an anhydrous basis) was administered in each
experiment as follows: a 150 mg/kg dose in a 10-mL saline
solution into the portal vein over a 10-min period, a 150 mg/kg
dose in a 10-mL saline solution into the cephalic vein over a
10-min period and a 300 mg/kg dose in a 5 mL water solution bolus
through an infant nasogastric tube placed into the duodenum.

Blood samples (1.2 mL) were withdrawn from the femoral vein
and collected in test tubes (VacutainerTM) containing 0.05 mL of a
157 solution of EDTA. Samples were withdrawn at 0-, 0.08-, 0.17-,
0.25-, 0.33-, 0.5-, 0.75-, 1-, 1.5-, 2-, 2.5-, 3-, 4-, 5-, 6-, 8-,
10-, 24-, 32-, 48- and 72 h after drug administration.

RESULTS AND DISCUSSION
Minimum Detectable Quantity (MDQ)

The minimum detectable quantity of cysteamine was initially
estimated as 0.01 pg/mL (0.130 pM) based upon analyses over
several months. Table 1 lists data from replicate analyses of

plasma samples spiked with 0.01 wg/mL cysteamine.

TABLE 1. CALCULATION OF MINIMUM DETECTABLE QUANTITY (MDQ)
OF CYSTEAMINE

Peak Height

(0.01 pg/mL) Average
Cysteamine Noise MDQP
—_(nAY = _R® _ _(nAY  (ug/ml)
0.183 0.0546 0.0425 0.00696
0.196 0.0510 0.0213 0.00326
0.213 0.0469 0.0340 0.00479
0.213 0.0469 0.0340 0.00479
0.209 0.0478 0.0425 0.00609
X = 0.0349 0.00518
SD = 0.00869 0.00141
CV (Z) 24.9 27.2
95Z Confidence Limit®  $0.00998 +0.00162

8 R = Response Factor = Concentration/Peak Height (na)
b Mpg = S/N x AVG NOISE X R
S/N = 3
C 957 Confidence limit = #(t X SD)/IE
vhere t is Student's t (two-sided) with n-1 degrees of freedom
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The average MDQ of cysteamine was calculated to be 0.00518 ug/mL
using a signal-to-noise ratio (S/N) of 3. Standard deviation was
0.00141 pg/mL and the 957 confidence 1limit for the MDQ was
+0.00162 ug/mL. Chromatograms of cysteamine (0.0l pg/mL) and
blank plasma spiked with WR-186 are shown in Figure 1.
P i A

Values for precision and accuracy were estimated at 0.01-,
0.10-, 1.0-, 5.0-, 10.0-, 20.0- and 25.0 pg/mL cysteamine in
plasma and are presented in Table 2. Coefficient of variation
(CV) ranged from 1.02 to 3.10Z with an average CV of 1.99Z.
Relative recovery was used as a measure of accuracy and ranged
from 99.6 to 100Z%.

TABLE 2. ACCURACY AND PRECISION OF THE TOTAL CYSTEAMINE METHODZ

Prepared Mean Determined
Concentration Concentration Recovery cv
— {ug/ml) — (ug/ml) (Z) (2}
0.0100 0.0100 100 1.84
0.100 0.100 100 3.10
1.00 1.00 100 1.32
5.00 5.00 100 2.42
10.0 9.96 99.6 1.51
20.0 20.0 100 2.74
25.0 25.0 100 1.02

8 Dpetermined by response factor
1) RF = Cq¢gq X Rinrstd/Rstd
2) Cs = RF X RS/RIS
where RF - Response Factor
Cstd - Cysteamine concentration in calibration
standard
Rintstd - Response (nA) to internal standard in
calibration standard¥*

Rged - Response (nA) to cysteamine in calibration
standard

Cg - Concentration of cysteamine in sample

Rg - Response (nA) to cysteamine in sample

Rig - Response (nA) to internal standard in
sample

* Concentration of the internal standard was 10 pg/mL in
samples and in calibration standards.
b Five replicates
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Figure 1.
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HPLC/ECD of A) plasma calibration standard con-
taining 1) 0.0l pg/mL WR-186 prepared by the
total drug convertible to cysteamine method

and B) plasma blank from a dosing study by

the same method and containing internal
standard

507



14: 45 24 January 2011

Downl oaded At:

508 HUELLE, SWYNNERTON, AND MANGOLD

Li ;
Plasma standards were prepared to contain 0.01-25.0 pug/mL
cysteamine and 10.0 pg/mL WR-186. Standard peak height ratios and
total cysteamine concentrations were calculated. Linear fit of
plasma concentration data was evaluated using regression analysis
of dependent (peak height ratio) and independent (concentration)
variables. Detector response to cysteamine was linear over a
concentration range of 0.01-25.0 ug/mL (slope: 0.191 mL/ug,
intercept: 0.000S, r: 0.9999). Higher concentrations of total
cysteamine can be quantitated by diluting the sample to within the
linear concentration range. A plasma concentration curve and
linear regression are shown in Figure 2.
Stabili

Stored and freshly prepared plasma standards were analyzed and
peak height ratios of cysteamine and WR-186 were calculated and
compared. Stability was expressed as percent of peak height ratio
remaining after storage and is given in Table 3.

With the exception of the 0.01 pg/ml 2- and 28-day samples,
relative stability of cysteamine was good through 28 days of
storage. The average percent of cysteamine (relative to internal
standard) remaining after storage in all samples over 28 days was

94.6 £ 10.42.

TABLE 3. RELATIVE STABILITY OF CYSTEAMINE IN PLASMA
EXPRESSED AS PERCENT REMAINING AFTER STORAGE®:D

Storage
Period Concentration (wg/ml)
(Days) 10 1.0 0.1 0,01
0 93.5 % 14.1 110 + 8.48 98.0 + 0.00 <
2 104 % 5.94 91.5 £ 0.71 86.0 £ 0.00 65.0 £ 7.07
7 107 % 6.65 101 % 0.71 105 + 9.90 95.0 = 13.5
14 99.6 * 1.70 101 £ 0.71 103 % 2.12 100 + 0.00
21 98.2 + 1.91 95.0 + 1.41 83.0 * 5.66 85.0 + 7.07
28 92.7 £ 1.98 95.0 £ 1.41 83.0 £ 1.41 75.0 £ 7.07

8 Each point represents the average of 2 determinations £ SD
Cysteamine/WR-186 ratios compared to fresh standard

b samples stored at -75 °C

€ No determinations made
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14 :

Plasma concentration profiles for total cysteamine following
IV, P and duodenal administrations of ethiofos are shown in
Figure 3 and 4. P and IV profiles were similar up to 10 h, with
concentration maxima of 2.05 and 0.97 ug/mlL being reached at 30
min postadministration, respectively. After 10 h total cysteamine
concentration declined more rapidly in the IV experiment, reaching
the MDQ at 32 h. In the duodenal administration experiment a
lower, later maximum (0.37 pg/mL at 2 h) was observed which then
steadily declined to the MDQ at 10 h.

Plasma concentration-time profiles for ethiofos, free WR-1065,
total WR-1065 and total cysteamine following IV administration of
ethiofos are presented in Figure 5 and 6 (expanded abscissa).
Plasma concentrations of free and total WR-1065 exceeded total
cysteamine concentrations throughout the sampling period. While
free WR-1065, total WR-1065 and ethiofos plasma concentrations
steadily declined after cessation of infusion, total cysteamine
levels continued to rise until 1 h postinfusion then declined.
Total cysteamine plasma concentration felt below the detectable
limit at 48 h, but total WR-1065 was observed up to 120 h post-

administration.
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