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You certainly usually find something, if you

look, but it is not always quite the something

you were after.

The Hobbit

J. R. R. Tolkien
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ABSTRACT

Ethchlorvynol is an ethylenic-acetylenic carbinol used

as a sedative-hypnotic in man. Its use as a sedative-hypnotic

has declined but it is a relatively common drug of abuse. An

Overdose of eth chlorvynol can lead to prolonged deep coma with

associated complications often resulting in death. During eth

chlorvynol-induced coma, concentration-dependent elimination

kinetics have been observed. The original intent of this in

vestigation was to determine the extent to which the pathophy

siology associated with deep coma was responsible for the altered

ethchlorvynol elimination kinetics. The animal model chosen for

the study, the rabbit, was apparently more susceptible to the

toxic effects of ethchlorvynol administration than man. As the

toxicity could not be ascribed entirely to ethchlorvynol, meta

bolites were implicated. Consequently, the goal of the investi

gation was shifted to the isolation, characterization, and iden

tification of the major metabolites of ethchlorvynol in the

rabbit.

From preliminary studies in the rabbit, it was concluded

that concentration-dependent kinetics occur in the rabbit as

well as man and that distribution (volume of distribution 3

liters/kg) is similar to that in man. Metabolic clearance,

however, is 20 to 30 times greater per kilogram in the rabbit.

Further elaboration of the kinetics were deemed inappropriate

until the metabolic fate and the source of toxicity were es

tablished.
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Radioactive ethchlorvynol (acetylene-44C) was admini

stered intravenously to rabbits. Urine was collected and

found to contain essentially all the administered radio

activity. However, less than 1% of the dose was excreted

as ethchlorvynol itself. The radioactive metabolites in

urine were resolved into at least seventeen fractions by

means of reverse-phase high performance liquid chromato

graphy. Tests revealed that the metabolites were appar

ently polar weak acids.

The major metabolite accounting for 30% of the total

urinary radioactivity, was identified as the acetylenic

C-glucuronide, using infrared, mass, and proton magnetic

resonance spectrometry. This metabolite is the first con

jugate of an acetylene known. It is only the fourth C

glucuronide reported and represents the third type of

C-glucuronide found in mammalian systems.
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OVERVIEW

Drug abuse has, perhaps, always been a problem for

mankind. This seems especially true for those agents which

alter the perception of reality. As a class, sedative-hyp

notics have high potential for abuse, and as a member of this

class of drugs, Ethchlorvynol (ECV) has had a history of abuse.

At usual sedative-hypnotic doses, ECV is apparently elim

inated by first order processes and its distribution can be

characterized by a two compartment model. An acute overdose,

however, can lead to concentration-dependent elimination kine

tics as well as deep coma with associated complications. With

out supportive care, prolonged deep coma can result in death.

Originally, the purpose of this investigation was to

determine the extent to which the pathophysiology associated

with deep coma was responsible for altered ECV elimination

kinetics. However, attempts to induce coma in the rabbit

using ECV were unsuccessful. The rabbit proved to be more

susceptible to the toxic effects of ECV than man. Concentra

tions of ECV in the plasma that produce mild sedation in man

were found to be toxic in rabbits. Furthermore, the toxicity

appeared to be of two kinds and did not correlate well with

ECV plasma concentration. Profound central nervous system

depression, resulting in death, was observed when plasma ECV

concentrations were in the range expected to produce sedation

in man. Death, preceeded by incoordinated breathing and con

vulsions, constituted the second type of toxicity which was

observed hours after the cessation of an ECV intravenous in

fusion, or the day following an intraperitoneal injection of



an ECV overdose. The ECV plasma concentration associated

with the latter form of toxicity was at least an order of

magnitude lower than that observed with the former.

In spite of reports that more than 99% of a dose of

ECV is metabolized in all species studied, only one metab

olite has been identified. Furthermore, this metabolite,

a glucuronide, accounts for only l-2% of the dose adminis

tered.

Because of the small percentage of ECV recovered un

changed in the rabbit, the presence of two types of toxic

ity, and the lack of correlation of ECV plasma concentration

with toxicity, it seemed reasonable to propose that differ

ences in the metabolism of ECV in man and rabbits was re

sponsible for the apparent susceptibility of rabbits to

the toxic effects of ECV. Consequently, the goals of this

investigation were shifted to the isolation, characterization,

and identification of the major metabolites of ECV in the

rabbit.



CHEMISTRY

Chemically, ECV (D, L-l-chloro-3-ethyl-l-penten-4-yn-3-ol)

is an ethylenic-acetylenic carbinol. The synthesis, as well

as an interesting acid-catalyzed rearrangement of ethylenic

acetylenic carbinols, was described by Jones and Weedon (l)

in 1946. ECV rearranges by loss of hydrogen chloride yield

ing a conjugated ethylenic-acetylenic aldehyde (2) as shown

below. This aldehyde is the basis for most spectrophotometric

methods for the analysis of ECV in biologic fluids (3, 4, 5, 6).

Cl
0

/
H–C H–

—|| —H

Dilute H2SO4 , heat /
M–C=C-t■ \JOH H–CE C–C + HCI

■ M2 y". H;t

ETHICHLORVYNOL ALDEHYDE

Structurally, four isomers of ECV are possible: cis and

trans geometric isomers, and D and L optical isomers. The

commercially available drug appears to be a mixture of trans

D and trans-L isomers as evidenced by absorption at 960 cm-l

in the infrared (7,8) and, as will be subsequently shown, by

vicinal coupling constant data derived from nuclear magnetic

resonance studies. The presence of the racemic mixture is a

consequence of the nonstereospecific synthesis (9) which in

volves the condensation of propionyl chloride with vinyl chlo

ride to form the chlorovinyl ketone. The ketone is added to

lithium acetylide in liquid ammonia to form ECV. The product



is colorless liquid, boiling point 28.5–30°C G 0.1 mm Hg.,

refractive index (n35) l. 4780, and density (dž") l. 064. A

partition coefficient of 35 has been reported for a chloroform:

aqueous system (lo).



QUANTITATIVE ANALYSIS

Selected examples of Spectrophotometric and Gas Chroma

tographic methods for the analysis of ECV and listed in Tables

I and II.

Spectrophotometric methods were the first to be developed

for the quantitative determination of ECV in biologic fluids.

However, many have been shown to be nonspecific (ll) in that

they do not distinguish between ECV and its metabolites. The

nonspecificity is exemplified by wide differences in a gas

chromatographic assay and a spectrophotometric method devel

oped by Wallace (3). Gibson and Wright (ll) compared the two

methods by analyzing samples from an overdosed patient. The

ratio of the results with time is shown in Figure l. Because

the ratio increased with time, Gibson and Wright proposed

that the Wallace method detects metabolites as well as ECV.

Although the Wallace method (3), utilizing a semicar

bazone derivative, is nonspecific, a modification that includes

organic solvent extraction prior to derivatization is reported

(12) to be as reliable as gas chromatographic methods.

Apparently, organic solvent extraction effectively separates

ECV from its metabolites. Heptane extraction, followed by

the formation of a semicarbazone derivative is the basis of

a recent high performance liquid chromatographic assay for

ECV (6).

Gas chromatographic methods listed in Table II involve

organic solvent extraction of the samples as well as chroma

tographic separation to help insure specificity.



SPECTROPHOTOMETRIC METHODS

TABLE I

DERIVATIZING FUNCTIONAL SENSITIVITY

METHOD In I■ l AGENT GROUP mg/l

Algeri (13) 1962 508 Phloroglucinol allyl 5

Wallace (3) l964 292 Semicarbazide aldehyde l

Andry auskis (8) 1967 510 Diphenylamine aldehyde 0. 5

Frings (4) 1970 512 Diphenylamine aldehyde
-

5

Haux (5) 1972 524 Diphenylamine aldehyde l

Wallace (l2) 1974 286 Semicarbazide aldehyde l

GAS CHROMATOGRAPHIC METHODS

TABLE II

EXTRACTION INTERNAL SENSITIVITY

METHOD SOLVENT STANDARD mg/l

Robinson (l.4) l968 Carbon Disulfide NOne 3

Hedley-Whyte (lb) 1969 Chloroform NOne 0 - 5

Cummins (16) l97l Benzene NOne 0 - 25

Gibson (ll) l972 Chloroform Chlorobutanol l

Evenson (17) 1974 Ether n-DeCane 0.2

Flanagan (18) 1977 Chloroform 2-Methyl
naphthalene 0. 5



Figure l. The ratio of ECV concentration estimated

using the Wallace method (3) to that of

a gas chromatographic method (log scale)

versus time. The plasma samples were

obtained from a patient overdosed with

ECV (taken from reference ll).
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PHARMACOLOGY

The pharmacology of acetylenic carbinols was first re

ported in 1930 (19), however, none of these compounds was

marketed until the l950's. The introduction of nonbarbi

turate sedative-hypnotics, including ECV, was a result of

reports linking the long term use of barbiturates with

physical and pschological dependence (20). Nonbarbiturate

sedative-hypnotics were assumed to be devoid of the typical

barbiturate dependence, however, this has since proved to

be a false assumption (21, 22).

McLamore (9), in 1955, reported the synthesis of a

number of halogenated acetylenic carbinols of which ECV had

the greatest central nervous system depressant activity.

ECV was described by P'an et al. (23) as a potent anticon

vulsant as well as a hypnotic in rats, mice, cats, dogs, and

monkeys. The LPsofor rats and mice given ECV subcutaneously
was reported as 200 and 240 mg/kg respectively, whereas the

EPsofor hypnotic activity was 92 mg/kg in both species. The
recommended dose for hypnotic effect in man is 500-1000 mg

(7–l4 mg/kg); however, in one controlled study (24), 500 mg

ECV was judged no better than a placebo for producing sleep.

In an attempt to characterize the elimination pathways

Of ECV, P'an and co-workers (23) prepared rats with liver

damage and bilateral nephrectomy. No increase in sleeping

time was noted, from which it was inferred that neither the

kidneys nor the liver were responsible for the elimination

of ECV in the rat. These findings were disputed by Carr and



Crampton (25) who demonstrated that excision of 75% of the

liver could increase the ECV sleeping time by a factor of

six in rats. Later reports confirm that ECV is extensively

matabolized in rats as well as rabbits and man (16, ll, 26).

Although ECV appears to have no effect on the drug meta

bolizing enzymes in rats and dogs (27), it has been shown

that guinea pigs and especially rabbits have elevated 6 -amino

levulinic acid synthetase, glutamic dehydrogenase, and glu

tamic oxaloacetic transaminase activities in the liver after

chronic ECV administration (28). Evidence of microsomal

enzyme induction with ECV in man is lacking. Resistance to

anticoagulant therapy concomitant with ECV administration has

been reported (29, 30) but the mechanism appears to be related

to an effect on clotting factors IX and X as opposed to

enzyme induction. It is of interest to note that some acety

lenic compounds not only do not stimulate enzyme synthesis,

but are rported to destroy Cytochrome P-450. For example,

the acetylenic function of some synthetic steroids and non

steroids is claimed to be responsible for destruction of

Cytochrome P-450 as well as the covalent binding to heme

(31, 32).

chronic abuse of ECV is well-documented. It is not

surprising that the first case report was from Canada (33)

where it was sold without prescription until 1959. Chronic

abuse of this drug has resulted in withdrawal symptoms that

are indistinguishable from the delerium tremens of alcohol

(34, 21, 35, 36, 37, 38, 39). Even neonatal withdrawal, as a result
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of maternal ingestion of 500 mg daily during the last trimester,

has been reported (40). Toxic amblyopia with peripheral neuro

pathy (37) and a fatal case of immune thrombocytopenia (41)

have been the consequence of chronic ECV ingestion.

Treatment for chronic ECV abuse has been symptomatic (35).

Phenothiazines are administered for the schizophrenia-like

symptoms and anticonvulsants for seizures.

Episodes of acute overdoses of ECV with fatal results

are relatively common (42, 43,44). The earliest reported case

of fatal poisoning with ECV was described by Algeri et al.

(13). Unfortunately, many studies that reported blood and

urine data from acute overdoses (l3, 45, 46, 47), relied on non

specific spectrophotometric methods (ll).

The clinical signs of acute ECV poisoning have been well

reported (48, 38, 46). Comatose periods of four to seven days

are not uncommon for doses ten to twenty-five times the seda

tive dose. Complications associated with ECV-induced coma,

including severe infections, cardiorespiratory arrest, renal

damage, and hypothermia, can be life threatening. Pulmonary

edema is often included as a cause of death from ECV poisoning

but the mechanism remains to be elucidated (49, 50).

Treatment of ECV overdose has been largely supportive

although other methods have been employed. Forced diuresis

(46, 38), peritoneal dialysis (ls, 46), and hemodialysis (ll, 51)

have been used with limited success. Gelfand et al. (52)

report the use of charcoal hemoperfusion as treatment for ECV

overdose. The clearance reported for the charcoal column is



ll

approximately equal to the metabolic clearance expected for man.

Benowitz et al. (53) report a clearance of approximately twice

the expected metabolic clearance using resin hemoperfusion.

The amount of drug removed by these methods is usually small

relative to the amount remaining in the body because ECV is

extensively distributed to extravascular tissues. Because ECV

may not be the only toxic compound present, quantitation of

ECV elimination may be insufficient to assess the value of

forced diuresis peritoneal dialysis, hemodialysis and hemo

perfusion in treating ECV overdose. However, neither the

toxicity nor the removal of the metabolites by these methods

has been assessed. The disposition of ECV has been studied

by several groups (16, 10, 54) and all have agreed that ECV

distributes to extravascular tissues, leaving relatively little

in the blood. Cummins et al. (16) used a two compartment

model to describe the distribution phase wherein the ECV plasma

levels range from 2-10 mg/l. Tozer et al. (51) estimated

total body clearance at 120-140 ml/min for man. The fraction

of a dose excreted unchanged in man is less than 1% (16, 12, 26).

Although metabolism appears to account for more than 99%

of a dose of ECV in man, a glucuronide has been the only me

tabolite reported and explains no more than 2% of the meta

bolic fate of ECV (16, 26). Preliminary data from a gas chro

matography mass spectrometry analysis of human urine, after

poisoning with ECV, suggested that a diol (l-chloro-3-ethyn

l-penten-3,4-diol) is a metabolite (55), but no quantitative

results were given.
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The eluciation of the metabolic fate of ECV is of in

terest for two reasons. The first is academic; little is

known of the metabolism of the acetylenic function. The

second reason is of practical importance; the metabolites

may be toxic.



METHODS
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CHEMICALS

RADIOCHEMICALS

Ethchlorvynol (acetylene-14C) Lot #8229.76; specific
activity l.05mCi/mmole, custom synthesis by ICN
Pharmaceuticals Inc. Irvine, CA.

Tests for purity:

Thin Layer Chromatography, silica gel G,
RF = 0.4; Solvent system-chloroform: benzene,
( 1 : 1 ) Purity: greater than 99% (Data from ICN).

High Performance Liquid Chromatography,
analytical pi Bondapak -Cl8 column, k" – 0.9,
solvent system-70% methanol/water.
Radioactive purity: greater than 99%.

Sulfuric Acid (35s) 99.9% isotopic enrichment, ICN
Pharmaceuticals, Irvine, CA.

Tests for purity:

Anion Exchange Resin Chromatography, greater
than 96% pure
Precipitation with Barium Chloride/Zinc
Hydroxide, greater than 99.9%.

EXTRACTION SOLVENTS

Carbon Disulfide - Distilled prior to use

Ethyl Acetate, Analytical Reagent, Mallinckrodt
Chemical Works, St. Louis, MO.

Chloroform, Analytical Reagent, Mallinckrodt
Chemical Works, St. Louis, MO.

Toluene, GC-Spectrophotometric Quality, J. T. Baker
Chemical Co., Phillipsburg, N. J.

ENZYMES

Glusulase (134,000 units glucuronidase activity
and 4l,000 units sulfatase activity per ml)
Endo Laboratories, Garden City, N.Y.
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3-Glucuronidase (139,000 Fishman units per ml)
from Helix pomatia, Sigma Chemical Co., St. Louis,
MO.

Sulfatase (45 units per mg) from Abalone entrails,
Type VII, lyophylized powder, Sigma Chemical
Co., St. Louis, MO.

SOLVENTS FOR HIGH PERFORMANCE LIQUID CHROMATOGRAPHY

Acetic Acid, Glacial, Analytical Reagent, Mallinckrodt
Chemical Works, St. Louis, MO.

Acetronitrile (UV), Burdick & Jackson Laboratories
Inc. Muskegon, MI.

Methanol, Analytical Reagent, Mallinckrodt Chemical
Works, Paris, KY.

SOLVENTS FOR NUCLEAR MAGNETIC RESONANCE SPECTROMETRY

Chloroform, d. , 99.8 atom $ D, Merck & Co., Rahway, N. J.
Deuterium Oxide, 99.7 atom # D, Merck & Co., Rahway, N. J.

Methanol, d4 , 99.5 atom # D, Wilmad Glass Co., Buena, N. J.

Methyl Sulfoxide, d6, 99.5 atom $ D, Aldrich Chemical
Company, Milwaukee, WS.

Tetramethylsilane 99.9%, Wilmad Glass Co., Buena, N. J.

MISCELLANEOUS

Anion Exchange Resin, Analytical Grade, AG l-X2, Bio
Rad Laboratories, Richmond, CA.

Aquasol Liquid Scintillation Counting Cocktail, New
England Nuclear, Boston, MA.

Barbital-Sodium Barbital Mixture, Buchler Instruments,
Inc., Ft. Lee, N. J.

G - Bromo-2'-acetonaphthone, 99%, Aldrich Chemical Co.,
Milwaukee, WS.

Carbon Tetrachloride, Spectral Grade, Matheson Coleman
& Bell, Los Angeles, CA.

Chlorobutanol, U. S. P., Fisher Scientific Co., Fair
Lawn, N. J.
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Ethchlorvynol, Lot # 53-l35-CA, compliments of
Abbott Laboratories, North Chicago, IL.

Ethyl Ether, Absolute, Anhydrous, Mallinckrodt,
Inc., St. Louis, MO.

Formic Acid 88%, Analytical Reagent, Mallinckrodt
Chemical Works, St. Louis, MO.

D-Glucuronic Acid 99%, Sigma Chemical Co., St.
Louis, MO.

Methyl Sulfoxide, Analytical Reagent, Mallinckrodt
Chemical Works, St. Louis, MO.

Sodium Acetate, Analytical Reagent, Mallinckrodt
Chemical Works, St. Louis, MO.

Tetrabutylammonium hydrogen sulfate, Aldrich
Chemical Co., Milwaukee, WS.
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INSTRUMENTS

Infrared Spectrometers

Perkin Elmer, model 337

Nicolet, model 7000 P, FTIR, with Ge-KBr beamsplitter
and liquid nitrogen cooled detector

High Performance Liquid Chromatographs

System l.

Pump-Altex, model 110 A
Injector- Rheodyne, model 7120
Detector— Altex, model 153, analytical-fixed

Wavelength
System 2.

Pump- Waters Associates, model M6000A
Injector- Waters Associates, model U6K
Detector- Waters Associates, model 440, dual

Wavelength
Gas Chromatograph

Oven with Flame Ionization Detector, Aerograph Hy-Fi,
model 550

Electrometer, Varian, model 1200

Liquid Scintillation Spectrometers

Packard Tri-Carb, model 3375

Searle Mark III

Mass Spectrometers

Electron-Impact Spectrometer, AEI, model MS-12

Chemical-Ionization Spectrometer, AEI, model MS-902

Nuclear Magnetic Resonance Spectrometers

Varian, model FT-80

Varian, model XL-100

Paper Electrophoresis Apparatus

D. C. Voltage & Current Regulated Power Supply, Buchler
Instruments, model 3-1013A

Custom Made Cell – holds two 25Xl68mm paper strips
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Equilibrium Dialysis Apparatus

Equilibrium Dialyzer, Spectrum Medical Industries
Inc.

Constant Temperature Circulator, Precision Scien
tific, Porta-Temp

Glass Bath Jar - 30 X 30 X 30 Cm

Lyophylization Apparatus

Vacuum Pump, Cenco Hyvac 2

Dry Ice - Acetone Trap

Miscellaneous

pH Meter, Beckman Expandomatic

Compact Infusion Pump, Harvard, model 975
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ANIMAL PREPARATION AND DRUG ADMINISTRATION

ANIMALS

Male New Zealand White rabbits, weighing 2.5 - 5.5 kg,

were used throughout the study. Typically, the rabbits were

allowed two to three days to acclimatize and to recuperate

from possible transportation stress prior to the experiment.

Rabbit chow and water were allowed ad libitum.

Placement of the urethral catheter necessitated two

persons: one to restrain the rabbit in a manner to expose

the genital area and the other to extrude the penis from

its sheath and to insert the catheter (Bartex Pediatric

Catheter, 8 FR with 3 cc balloon) lubricated with K-Y jelly.

After inserting the catheter approximately 20 cm, and in

flating the balloon with three to four ml warm saline, the

catheter was pulled gently until the balloon was seated in

the bladder to allow drainage to be as complete as possible.

When urine samples were obtained, the bladder was rinsed

with normal saline solution heated to 38–39°C to ensure com

plete collection.

Placement of catheters for serial blood sampling and/or

intravenous administration of drugs required the use of a

restraining cage (Acme Metal Products). The outer surface

of both ears was shaved with animal clippers (Small Animal

Clipper, Oster, model 45). An electric heating pad was

placed over the restraining cage to warm the animal and to

cause slight dilation of the ear veins. The marginal ear
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veins were used both for blood sampling and drug administra

tion. An Intracath Intravenous Placement Unit was used

primarily for blood sampling. The 19 gauge needle supplied

with the unit was discarded and the tip of the 22 gauge, 8

inch catheter was cut at an angle. A disposable hypodermic

needle (either 21 or 23 gauge) was inserted into the margi

nal ear vein at a point at least half way from the base of

the ear. The needle was withdrawn and the area cleared of

blood. The sharpened end of the catheter was inserted in

the opening of the vein to a depth of 3-6 inches. The cath

eter was flushed immediately with heparinized saline (10

units/ml) to prevent clot formation in the catheter. The

free end of the catheter was plugged with a three-way plas

tic stop cock. A syringe for rinsing the catheter and one

for blood sampling were then attached to the stopcock.

For drug administration, the use of a Butterfly Inter

mittent Infusion Set (21 gauge x 3/4 inch needle) was pre

ferred over the Intracath Unit. The Butterfly Set did not

require the use of a stopcock and was easier to place. For

infusion experiments, an Extension Tube (length 20 inches,

volume 2. l ml) was employed to connect the Butterfly Set

with the infusion pump apparatus.

Euthanasia was accomplished with an intravenous bolus

of sodium pentobarbital lo 0 mg/kg.
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ETHCHLORVYNOL ADMINISTRATION

The administration of ECV to rabbits, including both

radioactive as well as nonradioactive ECV, is described in

Table III.

A saturated solution of ECV in sterile saline (0.5-l.0%)

was used except for intraperitoneal and oral dosing. For

these extravascular routes, the ECV dose was dissolved in

l-2 ml ethanol.

For experiments using radioactive ECV (#2 and #5) a

sample of the 14C-ECv (200 mg/15 ml ethanol) was added to

nonradioactive ECV in sterile normal saline solution. A

portion of the infusion solution was taken for liquid scin

tillation counting to determine the radioactive dose.

Disposable plastic syringes (3-50 ml capacity) were

used with the infusion pump for intravenous administration.

(Glass syringes did not seal properly to ensure constant

delivery of the drug solution.) Infusions of less than 10

minutes were considered boluses.

Intraperitoneal dosing was accomplished by restraining

the rabbit vertically with head down and injecting the ethan

olic ECV solution with a 3 or 6 ml plastic syringe. To pre

vent accidental intravascular administration, aspiration

was attempted to ensure proper placement of the 21 gauge x

1.5 inch needle.

For oral administration, the rabbit was lightly anesthe

tized with ethyl ether. An ethanolic solution of EVC was

administered through a flexible plastic tube which had been
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Table III

Type of Route of Samples
Experiment Administration Dose (rate) Collected

l Intravenous 36 mg/kg, Bolus Blood

2 Intravenous 5 mg/kg, Bolus * Urine

3 Intravenous 2-20 mg/kg, Bolus Blood
prior to 2-13 mg/kg/
hr, infusion

4 IntravenCus 2-6 mg/kg/hr, Blood
Infusion

5 Intravenous ll-l 5 mg/kg/hr, Urine
Infusion*

6 Intraperitoneal 35-360 mg/kg Blood

7 Oral 46–360 mg/kg Blood

al

14 C ECV added as tracer
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carefully inserted into the esophagus. The dose was fol

lowed by a rinse of 10 to 20 ml of normal saline solution.

SAMPLE COLLECTION

Blood samples (2-2.5 ml) were withdrawn at appropriate

intervals into a plastic disposable syringe to which 15 ul

heparin solution (1000 units/ml) had been added to prevent

clotting. The sample was mixed carefully by hand to distri

bute the heparin evenly. To prevent clot formation in the

catheter, l. 0 ml heparinized saline solution (10 units/ml)

was injected following every blood sampling. A blood sam

ple was withdrawn before the experiment for blank. Not

more than l9% of the blood volume was removed from any

rabbit within one week.

Urine samples were collected by means of a urethral cath

eter or, for experiments lasting more than a day, a meta

bolic cage (from Animal Care Facilities). At the end of a

sampling period, the bladder and metabolic cage pan were

rinsed with warm saline solution and distilled water, res

pectively. The total volume collected as well as the rinse

volume was noted to assess urine flow. A sample of urine,

immediately prior to the administration of a dose, was taken

as a blank.
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ANALYSIS OF ETHCHLORVYNOL

One ml samples of plasma or urine were extracted with

one ml of freshly distilled carbon disulfide to which chlo

robutanol had been added as an internal standard. A 1–2 || 1

sample of the carbon disulfide phase was injected onto an

Aerograph Gas chromatograph with a l. 8 m X 2mm glass column,

packed with 15% FFAP on acid-washed DCMS-treated 80/100 mesh

Chromosorb-W (Varian). Operating conditions were as follows:

Injector temperature, 140°C; column and detector temperatures,

130°C; and carrier gas (N2) flow rate, 30ml/min. Standard

curves, using 5.47 and 54.7 mg/liter of internal standard,

were used for the concentration ranges, 0-10 and 0-100 mg/

liter, respectively. Concentration of the carbon disulfide

phase with a nitrogen stream was performed on samples of

less than l mg/liter.

A typical standard curve from plasma is shown in Figure. 2.
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Figure 2. The standard curve for gas chromatographic analysis

of ECV in rabbit plasma. The peak height ratio of

ECV to that of the internal standard (chlorobutanol)

is plotted versus ECV concentration in the plasma

sample.
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PROTEIN BINDING OF ETHCHLORVYNOL

Binding of ECV to rabbit plasma constituents was stud

ied in vitro using the Spectrum Equilibrium Dialyzer. The

teflon cells of this apparatus had a capacity of one ml on

each side of dialysis membrane. Visking cellulose tubing

(0.025 mm thick) was used as the membrane. One ml of Krebs

Ringer Bicarbonate Buffer, pH 7.4 (56), see Table IV, was

added to one half of the cell. The other half of the cell

contained fresh rabbit plasma to which had been added 0-114

lig ECV and approximately 20,000 dpm 14C-ECv.

The cells were immersed in a water bath at 37°C and

rotated. After four hours, the plasma and buffer solutions

were removed and a 0.5 ml sample of each was added to sepa

rate scintillation vials containing 10 ml Aquasol. Tripli

cate determinations were made for each of five different

concentrations. After samples had been counted on the liq

uid scintillation spectrometer, approximately 25,000 dpm of

l4c toluene was added to selected vials containing plasma or

buffer. These samples were then recounted to determine rela

tive counting efficiency.

The fraction of ECV unbound in the plasma was calculated

by dividing the amount of radioactivity in the buffer half

of the cell by that found in the plasma half after four hours

of dialysis.
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Table IV

Krebs-Ringer Bicarbonate Buffer, pH 7.4%

g/liter
Sodium Chloride 6.921

Potassium Chloride 0.358

Calcium Chloride 0.278

Monobasic Potassium Phosphate 0.163

Magnesium Sulfate Heptahydrate 0 - 296

Sodium Bicarbonate 2 - 100

* pH adjusted to 7.4 with NaOH or HCl just before
usage.
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ISOLATION AND CHARACTERIZATION OF METABOLITES

LIQUID SCINTILLATION COUNTING

Radioactively-induced scintillations from 14C and 35s

containing samples were counted by means of a liquid scin

tillation counting spectrometer. The sample, usually a

liquid, was added to a 20-ml glass scintillation vial with

a foil-lined screw cap. Ten milliliters of Aquasol" Liquid

Scintillation Counting Cocktail was added to the sample.

Homogenization was effected by mixing the vial on a vortex

mixer for a few seconds.

Generally, each sample was counted for lo minutes after

remaining in the dark for lò minutes to minimize scintill

ation from the fluorescence of the cocktail itself.
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ORGANIC SOLVENT EXTRACTION

Extractability of metabolites from urine samples was

determined for isolation as well as characterization.

One ml of urine from the first collection interval

(0-22 hrs) in experiment #2 was added to one ml of organic

solvent and mixed on a vortex mixer for 30 seconds. A 0.5

ml sample of the organic phase was placed in a scintillation

vial for counting.

Solvents used for extraction of radioactivity from

rabbit urine were the following: n-butanol, ethyl acetate,

ethyl acetate/isopropanol (4:1), chloroform, and carbon

tetrachloride.

To determine the effect of pH on the extractability of

the radioactive constituents in rabbit urine, two milli

liters of rabbit urine from the first collection interval of

experiment #2 was lyophylized and reconstituted with either

0. lN HCl or distilled water. Two ml of ethyl acetate was

added and mixed on a vortex mixer as before. One ml of the

organic phase was transferred to a scintillation vial for

counting.

VOLATILITY

To further characterize the radioactive constituents in

rabbit urine, samples were placed in the lyophylization

apparatus at a measured vacuum of 0.05 to 0.15 torr. A

sample of urine was counted for radioactivity before lyo

phylization and compared with a sample of the lyophylized

urine reconstituted with water.
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SOLUBILITY

Solubility of radioactive constituents in rabbit urine

was determined by adding 2 ml of an organic solvent to 2 ml

of lyophylized urine. The solvents employed were the fol

lowing: methanol, isopropanol, ethyl acetate, and ethyl

ether. One ml of the centrifuged sample was counted with

10 ml Aquasol".

ENZYMATIC HYDROLYSIS

The presence of conjugates in the metabolite mixture was

tested by adding the enzymes, sulfatase and 3-glucuronidase

to the urine of rabbits previously administered 14C-ECV.

After incubation with enzymes, the urine was extracted with

organic solvents to isolate nonpolar radioactive hydrolysis

products.

Sulfatase. Urine samples (0.4ml) were placed in three test

tubes containing 0.5 ml 0.2M acetate buffer at pH 5.0. To

tubes #1 and #3 was added 0.1 ml of 0.2% NaCl with 5 units

of sulfatase activity. To tube #2 was added 0.1 ml 0.2% NaCl

solution without sulfatase.

One ml of hexane was added to tube #3 and mixed on a vor

tex mixer for 30 seconds. After centrifugation, 0.5 ml of

the hexane phase was added to a vial for liquid scintillation

counting.

Tubes #l and #2 were incubated at 37°C for 18 hours and

then extracted with hexane as before. One-half ml of the

hexane phase was taken for liquid scintillation counting.
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Glusulase. Urine samples (0.5 ml) were placed in three test

tubes containing one ml of 0.1M acetate buffer at pH 5.0.

To tube #2 was added 0.01 ml Glusulase (1,340 units 3-glu

curonidase activity and 410 units sulfatase activity).

Toluene (l.5 ml) was added to tube #1 and mixed on a vortex

mixer for 30 seconds. Tubes #2 and #3 were incubated at 37°C

for l8 hours. Toluene (1.5 ml) was added to the tubes and

mixed as before. One ml samples of the toluene phase from

each of the three tubes were taken for liquid scintillation

Counting.

3-Glucuronidase. Urine samples (0.5) were treated as in the

Glusulase experiment, except that 0.01 ml of 8-Glucuronidase

(l, 390 units) in place of the Glusulase was added to tube #2

and the acetate buffer was pH 4.78, instead of 5.0.

SULFUR-35 INCORPORATION

To test for the incorporation of sulfur in ECV metabo

lites, radioactive sulfur was administered to a rabbit along

with a nonradioactive ECV dose. Urine collected from this

experiment was then compared with urine from a rabbit which

had received only 14C-ECv.

Radioactive H2°so, (2mCi/0. lml) was diluted with normal

saline solution to 4 ml. One ml of this solution, containing
35

0.5 mCi S, was intravenously administered to a 4.5 kg

rabbit. This was immediately followed by an intravenous

infusion of nonradioactive ECV at 3 mg/kg/hr for seven hours.

Urine was collected for 22 hours.

35A 2 ml sample of the S-containing urine was placed in
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a test tube and barium chloride was added until the urine

was saturated to precipitate inorganic sulfur. After cen

trifugation, the supernatant was added to a tube containing

2 ml of 20% zinc sulfate to precipitate the barium as

barium sulfate. The supernatant of this tube was trans

ferred to another tube containing 2 ml of 2N sodium hydrox

ide to precipitate zinc hydroxide. Urine from an experiment

of type #5, in which 14C-ECV was administered, was also

treated in the same manner for comparison.

The supernatants from the final precipitation step of

both urine samples were lyophylized and reconstituted with

0.5 ml 50% methanol. Both samples were then spotted on the

same, 5 x 20 cm silica gel H, 0.25 mm thick, TLC plate and

were developed in the same solvent system as described prev

iously. The plate was scraped in sections on both sides and

added to vials for liquid scintillation counting.

Sulfur-35 incorporation was also tested by placing sam

ples of 35s Or **C-containing urine on anionic exchange

Columns.

ION EXCHANGE CHROMATOGRAPHY

Glass columns of various sizes were slurry-filled with

anionic exchange resin following the placement of a glass

wool plug in the bottom of the column. The column of resin

was rinsed with either sodium hydroxide solution or hydro

chloric acid to obtain the hydroxide and chloride form, res

pectively. Several column volumes of distilled water were

passed through until the eluate was neutral to pH paper. A
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sample of urine from experiments in which 14c or 35s was

administered was added to the column. The column was then

eluted with distilled water to remove nonionic and weakly

bound constituents. A nitric acid solution was then passed

through the column to remove anionic compounds from the

resin. The effluent of the column, obtained in l to 5 ml

fractions, was monitored for radioactivity.

PAPER ELECTROPHORESIS

The paper support for electrophoretic analysis was a

cellulose acetate membrane (Instrumentation Laboratory, Inc.),

25 x 168 mm. Radioactive urine samples from experiments #2

and #5 were spotted on the membrane after they were lyo

phylized and reconstituted in the appropriate buffer. The

following 0. lM buffers were employed: barbital, acetate,

phosphate, and HCl. The pH varied from l. 0 for the HCl

buffer to 8.6 for the barbital buffer. After four hours at

100 volts, the paper membrane was cut transversely into 0.5

cm strips. The strips were added to scintillation vials

with 10 ml Aquasol" and counted for radioactivity after

vigorous mixing to ensure elution of radioactivity from the

membrane.

THIN LAYER CHROMATOGRAPHY

14C-Ecv were COncentraUrine samples from rabbits given

ted by lyophylization and reconstituted in a small volume

of absolute methanol. The concentrated urine was spotted

along a line two centimeters from the bottom of the Silica



33

Gel H thin layer chromatography plate (250 kil thick,

Applied Science; activated at loo”C for 30 minutes).

The solvent system employed was a modification of that

used by Ting and Dugger (57) for the separation of polar

organic acids. The modified system was: water saturated

ethyl ether/formic acid/water, 28:4:3. The mixture separa

ted into two phases when allowed to stand in a separatory

funnel for several minutes. The lower, mostly aqueous,

phase was discarded.

The plate was developed in the above system for l-l. 5

hours at which time the solvent front had moved l3-ló Cm

from the origin. The plate was removed from the developing

chamber and allowed to air dry for an hour. Sections of

silica gel along the edge of the plate, from the Origin to

the solvent front, were scraped onto glassine weighing

papers. The sections scraped, typically l cm x 1 cm, were

transfered to vials for liquid scintillation counting.

HIGH PERFORMANCE LIQUID CHROMATOGRAPHY

All separations reported herein were performed on

uBondapak" C (10 micron partical size) reverse-phase18

columns. Both analytical (30 cm x 3.9 mm ID) and prepara

tive (30 cm x 7.8 mm ID) columns were employed.

Retention of a component was reported in units of the

capacity factor, k".

where V1 is the volume of mobile phase necessary to elute
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the component, and Vo is the void volume of the system. In

practice, V1 was determined by measuring the distance, on

the chart paper, from the point of injection to the peak

apex. Vo was the distance from the point of injection to

the first sign of change in ultraviolet absorption.

Ultraviolet absorption of the column effluent was moni

tored at the following three wavelengths: 254, 280, and 365

In I■ l.

Four types of mobile phases were used: (l methanol,

acetonitrile, and water mixtures; 2) l? acetic acid with

mixtures of methanol, acetonitrile, and water; 3) sodium

acetate buffer with mixtures of methanol, acetonitrile, and

water; 4) sodium acetate buffer with tetrabutylammonium

hydrogen sulfate as an ion pairing agent in mixtures of

methanol, acetonitrile, and water. Solvents were passed

through a 0.5 lim pore size filter (Millipore Corp.) to re

move particulates, before mixing.

Sample Preparation. Urine samples were generally lyophy

lized and reconstituted in mobile phase. The samples were

then centrifuged to remove particulates prior to injection

onto the column.

It was found useful to employ Sep-Pak C1s Cartridges in

preparing urine samples to remove contaminants that dimin

ish the life of the u Bondapak" Cl3 reverse-phase columns.

The cartridge was first conditioned with 2 ml acetonitrile

followed by rinsing with 5 to 10 ml of distilled water.

The sample of urine (1-2 ml) was injected onto the car

tridge with a syringe and was eluted with 10 ml of a 10%
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methanol solution to remove the radioactive metabolites

from the cartridge. The cartridge, containing considerable

amounts of contaminants, was discarded.

Acetonaphthone Derivative. Acetonaphthone derivatives of

acids were formed to aid in the separation and detection of

acidic metabolites of ECV. Samples of 14C-ECV treated rab

bit urine (0.2 ml) were added to 30 mg of Q-bromo-2' aceto

naphthone in 0.6 ml methyl sulfoxide. Alpha-picoline

(0.02 ml) was added as a buffer to maintain ionization of

the acids. The mixture was heated at 60° C for one hour

for complete derivatization.

Isolation Procedure. To collect a sufficient quantity of

the major metabolite (Metabolite C as defined in Figure l7)

for spectroscopic identification, the following procedure

was used. The metabolite was first separated from other

metabolites with 1% acetic acid/30% methanol/2% acetoni

trile. The fraction containing Metabolite C was stored at

0°C. The fractions obtained from repeated injections were

pooled and lyophylized. The residue was reconstituted in

a small volume of mobile phase (10mM acetate buffer pH 6.0,

in 40% methanol) used to further separate Metabolite C from

urinary constituents. Frozen radioactive fractions from

injections of the concentrated metabolite were thawed and

pooled for lyophylization. The metabolite, acetate salts,

as well as other impurities in the dried residue, were dis

solved in a small volume of mobile phase (5% acetonitrile/5%

methanol) designed to separate the metabolite from these
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salts and other impurities. Radioactive fractions were

frozen as before. When enough fractions were collected,

they were thawed, pooled and lyophylized. The pure white

powder was stored at 0°C.

MASS SPECTROSCOPY

Electron-impact mass spectra were obtained either by

direct insertion or by gas chromatography-mass spectroscopy

on an AEI, model MS-12 single-focusing mass spectrometer

which was interfaced with a PDP 8i computer using DS-30

software. An Infratronics 2400 gas chromatograph using

helium as the carrier gas was interfaced with the mass spec

trometer via a Biemann-Watson molecular separator. Mass

spectra were taken with a 8kV accelerating voltage, a trap

current of 500 li amp, and electron beam energy of 70 eV.

Resolving power was l?00.

Chemical-Ionization mass spectra were taken on an AEI,

model MS-902, double-focusing mass spectrometer, equipped

with a direct inlet system and modified for chemical-ioni

zation mass spectroscopy. The reagent gas was isobutane

at a pressure of 0.5 torr.

INFRARED SPECTROSCOPY

Samples, either neat or in CCla solution, were placed

between two KBr discs to obtain spectra with the Perkin

Elmer grating instrument.

A one centimeter pathlength cell with CaF2 windows

was employed to obtain spectra with the Nicolet FTIR instru

ment. All samples were dissolved in CCl4 at concentrations
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between 0.3 and 0.5 mg/ml.

DERIVATIZATION OF SAMPLES FOR SPECTROSCOPY

SILYLATION

Silylation of ECV and metabolites was performed with

N, 0-bis (trimethylsilyl) trifluoroacetamide (BSTFA, Pierce

Chemical Co.) in pyridine at room temperature overnight.

To form the deuterated trimethylsilyl derivative, N, 0-bis

(trideuteromethylsilyl) trifluoracetamide (Deutero Regisil

RD-l, Regis Chemical Co.) was used in the same manner as

BSTFA.

ESTERIFICATION

Methyl esters of metabolites and D-glucuronic acid

were prepared in dry methanol by adding diazomethane in

ethyl ether until the yellow color remained - indicating

excess diazomethane. The solution was allowed to stand at

room temperature for two hours.

ACETYLATION

Samples of the methyl esters prepared above and ECV,

were acetylated by the addition of excess acetic anhydride

and N-acetylimidazole in pyridine. The reaction mixture

was heated at 50°C overnight.
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PHARMACOKINETICS AND TOXICITY

Case reports (ll, 51) on the treatment of ECV overdose

in man have demonstrated concentration-dependent elimination

kinetics coincident with prolonged deep coma. Whether these

observations are a result cf capacity-limited metabolism or

of pathophysiology associated with the comatose state, e.g.,

metabolic acidosis, hypothermia, hypotension, or renal failure,

is unknown. A study of factors affecting the kinetics of ECV

in overdose was therefore undertaken. The experimental animal

model was the rabbit, chosen on the basis of its docility and

the ease with which blood and urine may be serially sampled.

During preliminary studies, the rabbit unexpectedly devel

oped anomalous toxicity attributable, at least in part, to

metabolites. Consequently, the point of focus was shifted

toward elucidation of the metabolic fate of ECV. The prelimi

nary studies of the pharmacokinetics and toxicity of ECV follow.

Appendix l contains pertin ent data from these studies.

INTRAVENOUS ADMINISTRATION

The plasma ECV concentrations obtained following an intra

venous bolus of ECV (36 mg/kg) to rabbits A and B are plotted

in Figure 3. The plasma concentrations (G, ) Were manually
fitted by the method of residuals (58), to a biexponential

–0. –3tº Be Tºt . The pharmacokineticequation of the form, c p=Ae
parameters of the drug were derived assuming an open two-compart

ment model with elimination from the sampling compartment:
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Figure 3. Plasma ECV concentration (log scale)

versus time following a 36 mg/kg

intravenous bolus dose.

Rabbits: A (O) and B (L).
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The parameters, obtained by correcting for the five to seven

minute infusion time using the Loo-Riegelman method (59),

are listed in Table V. Also listed, for comparison, are data

derived from humans (16).

Inasmuch as rabbits are known (26) to metabolize 95-99%

of an oral lä0 mg/kg dose, the clearance reported for the

present work is essentially an estimate of metabolic clear

ance. The reported estimate (51) of total body clearance for

man (l-2 ml/min/kg) is 20–30 times less than that found for

these rabbits.

Further estimates of clearance were obtained from experi

ments of type 3 in which an infusion to steady state was

started three to six hours after an intravenous bolus. The

clearance calculated from the bolus dose was used to predict

the steady-state concentration, according to the relation

ship:

Steady-State Concentration = Infusion Rate/Clearance.

Figure 4 shows the time course of plasma levels in four ani

mals. Table VI compares predicted with observed steady-state

concentrations for experiments of type 3. The observed values
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TABLE V

PHARMACOKINETIC PARAMETERS OF ECV

IN RABBITS AND HUMANS

voLUME OF STEADY"
COMPART- STATE

NUMBER DOSE CLEARANCE O. B_1, MENT 1 VOL.SPECIES STUDIED (mg/kg) (ml/min/kg) (hrº) (hr■ ") (liters/kg) (lit./kg)

Rabbit 3 5–36 74.58 + 5. l it 0.96 + 1.6l + 2.83
(I.V.) 17.90 2.2 0.23 0.65

Human 24 2.8% l. 8° 0.53 + 0.027+ 0.85■ 3.19■
(oral) 0.197 0.006

Calculated as the sum of Compartment l and Compartment
2 volumes.

-

Calculated by dividing the dose per kg by the area
under the curve.

Standard Deviation

Dose- 200 mg, a body weight of 70 kg is assumed.

Calculated by multiplying k
Table II of reference 16.

by V10 1 *

Mean volumes of reference ll, divided by an
assumed average body weight of 70 kg.
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Figure 4. Plasma ECV concentration (log scale)

versus time for experiments in which

infusions were started 3 to 6 hours

after an intravenous bolus. Arrows

indicate cessation of the infusion.

Solid data points indicate death of

the rabbit from toxicity.

Rabbits C (A ), D (O), E ([]), F (O).
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TABLE VI

STEADY-STATE PLASMA CONCENTRATION

DURING ECV INFUSION

INTRAVENOUS START OF INFUSION PREDICTED OBSERVED
BOLUS INFUSION RATE STEADY STATEA STEADY STATEP

RABBIT (mg/kg) (hours) (mg/kg/hr) (mg/liter) (mg/liter)

G 2.56 3.0 2.05 0.69 0.71

E 4.55 4.0 4.55 l. 27 l.9

D 5.48 5. 75 6.2 l-l 2.0

F 7.53 4.0 7. l l. 55 l. 3

C 20.9 3.0 13.5 4.4 greater than
8.3C

a Predicted from the clearance estimated following
the bolus dose.

* Best visual estimate (see Figure 4)

° No steady state was observed in this rabbit.
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are generally in agreement with the expected steady-state

concentration with the exception of Rabbits C and D. In

Rabbit C, the plasma ECV levels appeared to approach the

expected steady state during the first three hours of infu

sion but subsequently increased with no tendency to level

off. The infusion was stopped after 5.5 hours when signs

(cessation of breathing) of central nervous system depres

sion occurred. The rabbit died ten minutes later, apparently

as a result of central nervous system depression. The plasma

level (determined from a cardiac blood sample obtained 15

minutes post-mortem) was 8.3 mg/liter. For comparison of

concentration-toxicity relationships, the mean peak plasma

ECV level in man, following 750 mg oral dose, is reported

(16) to be 8.0 mg/liter with no adverse affects.

Other rabbits of experiment type 3 showed different

toxicity. Rabbit D convulsed and died lo 5 subsequent to the

end of the infusion period, during which time, the plasma

level of 2 mo/liter remained essentially constant (Figure 4).

Rabbit E died with incoordinated breathing and convulsions

one hour after the end of the infusion. Rabbit B died with

similar symptoms three hours after the infusion was stopped.

The plasma level (0.084 mg/liter) had, in this case, declined

by a factor of 20 in the three hours postinfusion. Rabbit G,

which had received the lowest infusion rate (2 mg/kg/hr),

showed no sign of toxicity whatsoever.
The toxicity of ECV on infusing the drug was unexpected

because the levels observed are considered safe in man. The

three animals that died with convulsions are not consistent
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with the anticonvulsant activity of ECV (23).

To test whether long-term exposure to relatively low

plasma ECV concentrations causes toxicity or alters the kine

tics of EVC, experiments of type 4 were performed (Figure 5).

Rabbits H and I received 2. l and 4.2 mg/kg/hr for 20 and l8

hours, respectively. During the infusion, toxicity was not

apparent. Both rabbits died with incoordinated breathing and

convulsions shortly after the infusions were stopped. The

plasma levels at death were 0.09 and 0.096 mg/liter for Rabbits

H and I, respectively.

The rabbit proved highly susceptible to the toxic effects

of ECV administration. Inasmuch as the toxicity was not com

pletely ascribable to ECV, metabolites were implicated.

INTRAPERITONIEAL ADMINISTRATION

ECV was administered I. P. ( 35 and 350 mg/kg) to Rabbit

J On two occasions. Figure 6 shows the resulting plasma

levels with time. The lack of superposition of the curves

on normalizing to dose suggests that absorption is prolonged

with the larger dose and/or that the elimination is dose

dependent. Dose-dependent elimination is apparent from the

dose-normalized area under the curve as given in Table VII.

Rabbit B (which was part of experiment type l as well)

received ECV, 300 mg/kg, intraperitoneally. Plasma ECV con

centration versus time data are shown in Figure 7. The dose

normalized area under the curve for the 36 mg/kg intravenous

dose is in Table VII. Again, the dose-normalized area for

the larger dose is more than twice that of the smaller dose.
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Figure 5. Temporal plasma ECV concentrations

(log scale) during and after long-term

infusion of ECV. Arrows indicate the

cessation of infusion. Solid data points

indicate death of the rabbit from toxicity.

Rabbits: H (O), and I (5%).
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Figure 6. Temporal plasma ECV concentration

(log scale) for Rabbit J after intra

peritoneal doses of 35 (O) and 350

mg/kg ( ).
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TABLE VII

COMPARISON OF DOSE-NORMALIZED AREA UNDER THE CURVE

RABBIT DOSE ROUTE DOSE-NORMALIZED AREA"

(mg/kg) (mg-hr/liter)

J 35 IP 125

J 350 IP 328

A 36 IV 134

B 36 IV 99 - 4

B 302 IP 221

K 53 PO 49. 6

K 268 PO 125

L 230 PO 428

al

Normalized by the following: Area X 350 mg/kg
Dose (mg/kg)
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Figure 7. Temporal plasma ECV concentration

(log scale) for Rabbit B following a

300 mg/kg intraperitoneal dose.
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It is noteworthy that the plasma concentration attained

in rabbits receiving 300-350 mg/kg intraperitoneally, was an

order of magnitude higher than that possible with intraven

ous infusion and yet no sign of toxicity at this higher level

was observed.

ORAL ADMINISTRATION

ECV was orally administered to Rabbit K (53 and 268 mg/

kg) and to Rabbit L (230 mg/kg). Plasma ECV levels for Rabbit

L are shown in Figure 8. The dose-normalized areas for these

oral doses are compared with those obtained following intra

peritoneal and intravenous boluses (Table VI).

The dose-normalized area for the 36 mg/kg intravenous

doses are similar to that for the 35 mg/kg intraperitoneal

dose. If metabolism primarily occurs in the liver, an exten

sive first pass effect, that is, a greatly reduced availabi

lity from an oral or intraperitoneal dose is expected. The

observation of essentially complete availability of ECV in

the rabbit by these extravascular routes suggests that extra

hepatic metabolism occurs and that it accounts for most of

the metabolism in this animal. The occurrence of dose-depen

dent kinetics and the limited number of animals tested pre

cludes determining if these conclusions are correct.

PROTEIN BINDING

To rule out protein binding as a cause for the concen

tration-dependent kinetics observed, binding of ECV to rabbit

plasma constituents was determined. Binding data are presented
in Table v1.1.I. Binding did not appear to be concentration

dependent over the range lill 6 mg/liter and therefore cannot
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Figure 8. Temporal plasma ECV concentration

(log scale) for Rabbit L follow

ing a 230 mg/kg oral dose.
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TABLE VIII

FRACTION OF ECV UNBOUND IN RABBIT PLASMA

Plasma ECV Concentration Fraction Unbound?
(mg/liter)

l. 3 0. 59.3

4. lé 0. 59.3

l2. 75 0. 591

29 - 9 0. 597

ll 5. 8 0 - 60l

* Calculated by the ratio of radioactivity in the
buffer to that in plasma after four hours of
dialysis at 37°C.
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be an explanation for the nonlinear kinetics. The fraction

unbound (0.6) compares with an estimate in man of 0.4 (53).

In man, ECV is observed to be readily distributed

throughout body fluids. The ECV concentration in vitreous

humor (60) and cerebral spinal fluid (4 6) have been reported

to be 42 and 4.6% of that in plasma, respectively, correspond

ing to the unbound concentration in plasma.

EVIDENCE FOR TOXIC METABOLITES

The observation that toxicity was greater following in

travenous infusion than after oral or intraperitoneal admin

istration suggested that ECV was not the primary toxic agent

because concentrations of ECV far greater than that possible

with intravenous infusion were observed with the extravas

cular routes. Furthermore, the unexpected convulsive activi

ty of ECV on infusion of the drug occurred at concentrations

considered safe in man and were observed even though ECV is

known to have anticonvulsant activity. From the lack of

correlation of toxicity with ECV plasma concentration it is

speculated that high ECV concentration protects the rabbit

from toxic metabolites and therefore the presumably high

concentration of metabolites possible following extravascu

lar routes does not elicit toxicity.

Further elaboration of the kinetics of the drug was

deemed inappropriate until the mechanism of the anomalous

toxicity was explored. Because metabolites were implicated

in the toxicity of ECV, studies of the metabolites of ECV

were begun.
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PRELIMINARY STUDY OF METABOLITES

Preliminary studies were carried out to demonstrate the

presence of metabolites in urine and blood.

METABOLITES IN URINE

To determine the fate of 14C-ECV in rabbits, a simple

mass-balance experiment was conducted. Four ml of ECV in

saline (2 p. Ci/5.5 mg/ml) was intravenously administered as

a bolus to a 4.5 kg rabbit. The urine was collected in two

intervals: 0-22 and 22-47 hours. Samples of urine were assayed

for ECV by gas chromatography and for radioactivity by liquid

scintillation counting. The results of this experiment are

shown in Table IX. Two conclusions are apparent: l) essen

tially all (94%) of the radioactivity administered was found

in the urine after two days, and 2) less than 0.05% of the

dose was excreted unchanged.

METABOLITES IN BLOOD

That metabolites are present in blood was indirectly

demonstrated in an experiment primarily designed to collect

urinary metabolites. A 6-ml blood sample was obtained 270

minutes into an infusion (12.6 mg/kg/hr) of 14C-Ecv. A 0.2ml

sample of the plasma was used for radioactivity determination.

The steady-state concentration of ECV, based on an average

clearance of 70 ml/min/kg, is compared to the apparent ECV

concentration from radioactivity measurements in Table X.

The radioactivity in plasma corresponds to an ECV concentra

tion of 36 mg/liter, ten times greater than that either ex

pected or achievable by intravenous infusion. The difference
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TABLE IX

RECOVERY OF RADIOACTIVITY IN URINE

Interval Total Ethchlorvynol
(hrs) (% of Dose) (% of Dose)

0-22 84 0.048 a

22–4 7 10 b

* Determined by gas chromatography

b ECV was not detected in this urine.
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TABLE X

RADIOACTIVITY IN PLASMA AT STEADY STATE

Predicted ECV Observed ECV
Infusion Rate Concentration* ConcentrationP
(mg/hr/kg) (mg/liter) (mg/liter)

12.5 3. OC 36

* Calculated by dividing Infusion Rate by the average
clearance in rabbits, 70 ml/min/kg.

Calculated by dividing the radioactive counts by
the specific activity of the ECV administered.

Based on clearances calculated from Table VI, the
predicted concentration is from 2.3 to 5.4 mg/liter.
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between the predicted and the observed values is therefore

a good index of the concentration of metabolites present.

Approximately 90% of the radioactivity in the plasma sample

must be due to metabolites.

PHYSICAL AND CHEMICAL PROPERTIES OF METABOLITES

Urine was collected from experiments of types 2 and 5

to isolate and identify ECV metabolites. In the course of

developing isolation techniques for these metabolites, their

general physical and chemical properties were investigated.

ORGANIC SOLVENT EXTRACTION

Several solvent systems were employed to extract radio

active metabolites from urine, however, the metabolites were

not extractable as shown in Table XI. The solvent systems

used and the percent extracted using equal volumes of sol

vent and urine are listed. Changing the pH of normal rabbit

urine from 8.5 to l. 5, using 0. lN HCl, did not significantly

effect the extraction efficiency with ethyl acetate. The

radioactive metabolites are, in general, very polar compounds.

Another method, lyophylization followed by reconstitu

tion in an organic solvent, was used to isolate the metabo

lites. This method is based on the assumption that the com—

pound (s) of interest dissolves, whereas salts and other

polar impurities do not. The method can also be used to

determine the presence of volatile metabolites; such com

pounds would be lost through evaporation during lyophyliza

tion.
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TABLE XI

SOLVENT EXTRACTION OF RADIOACTIVE URINARY METABOLITES

Percent
Solvent System Extracted

Butanol 13

Ethyl Acetate/Isopropanol, 4: l 0.95

Ethyl Acetate 0.44 a

Ethyl Acetate 0.56°

Chloroform 0 - 25

Carbon Tetrachloride 0. ll

* Urine pH 8.5

b Urine pH adjusted to l. 5
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VOLATILITY AND SOLUBILITY

The volatility of the metabolites in rabbit urine was

tested by applying a vacuum (0.1 to 0.15 torr overnight)

to samples of urine frozen with dry ice-acetone. The dried

samples were reconstituted in water or one of several or

ganic solvents to test for general solubility. Radioactiv

ity in the reconstituted urine samples was determined. Table

XII shows results obtained with several solvents. As essen

tially all the radioactivity was accounted for after recon

stitution with water, the metabolites are apparently of low

volatility. Methanol and water were the only solvents of

those tested, to adequately dissolve the radioactive meta

bolites. Unfortunately, the urine constituents also dis

solved in these two solvents. These findings confirm the

very polar nature of the metabolites but suggests that the

method has limited potential for isolating them.

The polar nature of the radioactive metabolites was

further tested with ion exchange chromatography, paper

electrophoresis, and thin layer chromatography.

ION EXCHANGE CHROMATOGRAPHY

A l-ml urine sample from a rabbit that had been admin

istered 14C-ECV was placed onto a column containing 8 ml of

anionic exchange resin in the Cl" form. Distilled water

(200 ml) was passed through the column followed by an 80mM

nitric acid solution. A sample of the water rinse as well

as aliquots of fractions (2 ml) collected during the nitric

acid elution, were placed in scintillation vials for radio



60

TABLE XII

SOLUBILITY OF RADIOACTIVE URINARY METABOLITES

Percent

Solvent System Radioactivity
Dissolved

Water 99

Methanol 86

Isopropanol 3.4

Acetonitrile 2.0

Ether/Formic Acid/Water, 14:2:1.5° l6

Ethyl Acetate
-

0.2

Ether less than 0.0l

* The upper phase of this mixture was employed.
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activity measurements. These measurements, as reported in

Figure 9, shows 14% of the radioactivity eluted by the water.

In similar experiments, it was noted that the radioactivity

(10 to l8%) eluted in the first few milliliters of the water

rinse. Elution of the majority of the radioactivity on the

Column with nitric acid indicated that the metabolites had

affinity for the anion exchange resin and that they could

be displaced by anions. The affinity for the resin could

also have been explained by adsorption. However, as they

have been shown to be polar compounds, they can not be ex

pected to adsorb to the polystyrene-vinylbenzene backbone

of the resin.

PAPER ELECTROPHORESIS

A sample of lyophylized urine was reconstituted in the

buffer used in the electrophoresis cell, and spotted at var

ious positions on the paper. The results of the study, using

several buffers are presented in Figures 10 through 13. It

was apparent that the metabolites were indeed acids, that

there were several components, and that these radioactive

components were carboxylic acids in that they did not migrate

at pH l.0 but did at or above pH 4.2. Sulfates were tenta

tively ruled out as the pKa of organic sulfates are below

0.0 pH units.

Previous information indicates that the urine contains

a mixture of radiolabeled carboxylic acids which are poorly

extracted into ethyl acetate even at a pH (1.5) where the

metabolites are uncharged. The presence of a carboxylic
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Figure 9. Anion exchange chromatogram of radioactive

urine constituents from a rabbit administered

**c-Ecv. Fractions collected by water and

nitric acid (80mM) elution are shown.
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Figure l2. Paper electrophoresis chromatogram of

radioactive ECV metabolites in rabbit

urine at pH 6. 0 (0.1 M phosphate buffer).

A field of lo 0 volts was applied for four

hours. The arrow indicates the origin.
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Figure lS. Paper electrophoresis chromatogram of

radioactive ECV metabolites in rabbit

urine at pH 8.6 (0.1 M barbital buffer).

A field of lo 0 volts was applied for

four hours. The arrow indicates the

Origin.
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acid function alone would not account for such polar pro

perties. The presence of multiple hydroxy groups in addi

tion to the acid function would, however, be consistent

with the polar nonvolatile properties exhibited.

THIN LAYER cHROMATOGRAPHY

Polar organic acids such as glucuronic and succinic

have been separated by thin layer chromatography (57). A

slight modification of this system was used to separate

the polar organic acid metabolites in rabbit urine. Urinary

metabolites concentrated in methanol were applied to thin

layer plates. After developing the plates for l to l. 5

hours, sections were scraped and counted for radioactivity.

Figure lA shows the results of this experiment. Radio

activity was spread over the plate with four areas of con

centration: 10% at the origin; lo? at RF = 0. 2; 20% at Rf =

0.4; and 50% at Rf = 0.7. Under long wavelength ultraviolet

light (366 nm), strong absorbance was coincident with the

areas of radioactivity. Inasmuch as ECV does not absorb

ultraviolet light above 205 nm (12) the absorption is in

dicative of urinary contaminants cochromatographing with

the metabolites. Because of this and the lack of resolu

tion of the metabolites, the thin layer chromatography

method had limited potential for isolating metabolites.

TESTS FOR SULFATE AND GLUCURONIDE CONJUGATION

From data generated thus far, the most obvious struc

ture for a proposed metabolite is the glucuronide of ECV

attached at the alcoholic position. This O-glucuronide
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Figure lA. Thin layer chromatogram of radioactive

ECV metabolites in rabbit urine developed

with water-saturated ethyl ether: formic

acid: water, 28:4: 3.
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would possess all the physical and chemical characteristics

known for ECV metabolites; the glucuronide is a nonvolative

weak acid and, by virtue of its polyhydric nature, is polar

even in the unionized state. To test for the presence of

this metabolite, the urine was subjected to 8-glucuronidase,

followed by extraction with organic solvents to recover non

polar radioactive products released by the hydrolysis. Aryl

sulfatase was also employed, although the paper electropho

resis data tended to rule out the presence of sulfate met

abolites on the basis of an apparent pKa greater than l. 0.

ENZYMATIC HYDROLYSIS

Following an overnight incubation with the enzymes,

urine samples were extracted with hexane or toluene and a

portion of the solvent was taken for liquid scintillation

counting. The results of this experiment are in Table XIII.

They are consistent with those found by Cummins et al. (16)

and Nitta et al. (26). Only 2–3 percent of the radioacti

vity was released by treatment with 3-glucuronidase or a

combination of aryl sulfatase and 3-glucuronidase. These

results do not support the O-glucuronide as a major meta

bolite since it would presumably be a substrate for 8-glu

curonidase.

SULFUR-35 ADMINISTRATION

The presence of sulfur in the metabolites (although

sulfates were apparently ruled out by paper electrophoresis)

was further tested. Urine constituents, collected from a

rabbit to which radioactive 39S (as sulfuric acid) was co



TABLE XIII

ENZYMATIC HYDROLYSIS OF URINARY METABOLITES

INCUBATION

SAMPLE BUFFER pH ENZYME TIME (hr) % EXTRACTED

l 4 - 78 Glusulase 18 2.5

2 5. 0 Glusulase 18 3 - 17

3 5. 0 3-glucuronidase 18 4. l3

4 5 - 0 6-glucuronidase 18 4.52

5 4. 78 NOne 0 0. 58

6 4 - 78 NOne 18 0.82

7 5. 0 NOne O 0 - 7 l

8 5. 0 NOne 18 0 - 9 l

9 5. 0 Sulfatase 18 0. 72
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administered with ECV, were compared to those obtained

from a rabbit to which la C-ECV was administered. It was

assumed that if metabolites of ECV contained sulfur,

administration of radioactive sulfate with nonradioactive

ECV would produce radioactive metabolites. On treating

both urine samples with barium and zinc salts to precipi

tate inorganic sulfate, 59% of the 35s and none of the 14C

was removed from solution. Thin layer chromatography was

then employed to determine if indeed nonprecipitated 35S

labeled compounds in rabbit urine cochromatograph with

14C-labeled ECV metabolites. Figure lº shows the results.

As thin layer chromatography did not adequately sepa

rate 35S-containing compounds from 14C-labeled ECV metabo

lites, separation was attempted with ion exchange chroma

tography. One ml of urine, containing 35S-labeled com

pounds, was added to a column containing six ml of a

anionic exchange resin in the Cl" form. The column was

eluted with six ml distilled water, followed by nitric

acid solutions; six ml of 50 mM, six ml of lo 0 mM, 2.2 ml

of 200 mM, and six ml or 5. 2 M. One-ml fractions were

collected and 0.5 ml samples were taken for liquid scintil

lation counting. One ml of urine from a rabbit given 14C

ECV was treated in the same manner. Results of this experi

ment are illustrated in Figure 16. Radioactive ECV metabo

lites did not cochromatograph with the 35S compounds present

in rabbit urine, thus ruling out sulfur-containing metabo

lites.
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Figure lº. Thin layer chromatogram comparing radioactive

constituents derived from the urine of a

rabbit coadministered H2*SO4 and ECV with

those derived from a rabbit given 14C-ECV.

The developing solvent was water saturated

ethyl ether: formic acid: water, 28:4: 3.

The separation shown in this figure is not

equivalent to that for 14C-labeled metabolites

in Figure l4 due to the presence of the salts

used to precipitate inorganic sulfates.
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Figure l6. Anion exchange chromatogram comparing

radioactive urinary constituents derived

from the urine of a rabbit coadministered

H23°so a and ECV with those from a rabbit

given 14C-ECv. The eluting solvent is

indicated at the top of the figure.
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When radioactive sulfuric acid was applied to the

Column, the radioactivity occurred in fractions 26 to 29.

Because the urine was not treated to remove inorganic

sulfate, the peak at 26–29 from *Ps urine was ascribed to

inorganic sulfate.

Tests for conjugation as well as procedures employed

for the isolation of radioactive ECV metabolites produced

mostly negative results. The metabolites were not sulfur

containing, not substrates for 3-glucuronidase or sulfatase

not extractable into organic solvents, and not volatile.

The metabolites were, apparently, a mixture of polar weak

organic acids.

SEPARATION AND ISOLATION OF URINARY METABOLITES

The previous methods were successfully used to deter

mine the chemical and physical properties, but were found

to be of limited value for isolation of metabolites. There

fore, high performance liquid chromatography was attempted

to separate and isolate these metabolites.

SEPARATION OF METABOLITES

Reverse phase C-18 columns were found useful in sepa

rating the metabolites. Figure 17 illustrates the separa

tion of the metabolites into two large radioactive fractions

with the following mobile phase: 1% acetic acid/30% methanol/

2% acetonitrile. The fraction, k" from 0 to 4 was designated

fraction # l; the fraction, k" from 7 to 8.5, was fraction #2.

From elution order, it was construed that fraction #1 con
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Figure l7. High performance liquid chromatogram of

radioactive metabolites of ECV in rabbit

urine. The separation of two main fractions,

using an analytical C-l9 column, is illus

trated. Fraction # l is defined as the region

from k" = 0 to 4. Fraction #2 (containing

Metabolite C) is defined as the area from

k" = 7 to 8 - 5.
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tained radioactive compounds of greater polarity than

fraction #2.

Fraction #1 (accounting for 60% of the urinary radio

activity) was collected and reinjected using lo mM acetate

buffer, pH 6.0, in 20% methanol (Figure l8). Resolution

was improved dramatically by the addition of tetrabutyl

ammonium hydrogen sulfate to this system as shown in

Figure 19. The tetrabutylammonium formed an ion pair

with the anions in fraction #1 (the pH 6.0 buffer ensured

full ionization of the weak acids) thereby increasing the

affinity of these acids for the nonpolar C-18 column.

Fraction #1 contained several minor metabolites, with

the largest radioactive peak accounting for less than

10% of the urinary radioactivity.

In view of the complexity of fraction #1 as well as

its more polar nature, relative to fraction #2, effort was

concentrated on the second fraction and will be discussed

further in the section entitled "Isolation of the Major

Metabolite."

SEPARATION OF DERIVATIZED METABOLITES

Although the presence of metabolites could be deter

mined by monitoring radioactivity in the column effluent,

this method, being both time-consuming and expensive, was

deemed impractical for routine qualitative or quantitative

analysis. Therefore, a derivatizing agent which would:

react in aqueous media; form one derivative per metabolite;

impart spectrophotometric detectability; confer lipophilic
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Figure l8. High performance liquid chromatogram of

radioactive urinary metabolites from

fraction #1 (defined in Figure 17)

separated on an analytical reverse

phase C-l9 column.
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Figure l9. High performance liquid chromatogram of

radioactive urinary metabolites from

fraction #1 (defined in Figure l7) re

solved into approximately ten components

with tetrabutylammonium hydrogen sulfate,

an ion-pairing agent. An analytical re

verse-phase C-18 column was used.
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properties on the metabolite for chromatographic separa

tion and ; form a stable product for multiple isolation and

purification steps, was sought.

The derivatizing agent, O-bromo-2'-acetonaphthone,

was found to have all the ideal properties except, perhaps,

for the last. This agent reacts with anions of carboxylic

acids to form esters, but does not, however, react with

hydroxy functions to form ethers. It has been used to

derivatize fatty acids for quantitative analysis by high

performance liquid chromatography (61) with ultraviolet

detection. These derivatives are reported to have high

molar absorptivity, log 10e = 4. l at 254 nm. Although

derivatization with this agent can be accomplished in a

semi-aqueous medium, the solvent system employed must

dissolve the salt of the acid as well as the derivatizing

agent. Methyl sulfoxide was found to have the desired

solvent properties in that it could dissolve the derivatiz

ing agent and the sodium salt of glucuronic acid.

The derivatizing agent was employed to convert the

acid metabolites in rabbit urine to esters with lipophilic

as well as ultraviolet light-absorbing properties. The

derivative of 3-D-glucuronic acid is depicted in Figure 20.

Rabbit urine, from an animal administered 14C-ECV, Wa S

treated with the derivatizing agent and injected onto a C

18 reverse-phase high performance liquid chromatographic

column. Four primary areas of radioactivity, as shown in
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Figure 20. The acetonaphthone derivative of 3-D-

glucuronic acid.



ACETONAPHTHONE DERIVATIVE OF GLUCURONIC ACID
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Figure 21, were identified. Fraction A, the most polar,

was eluted before fractions B and C; the most lipophilic

fraction (D) was eluted with 100% acetonitrile. These four

fractions accounted for 80% of the radioactivity.

Fraction A, containing seven or eight radioactive

components, was resolved with 10% acetonitrile/water as

shown in Figure 22. Increased lipophilicity of the deri

vatives is illustrated by comparing the retention of the

derivatives with that of the nonderivatized metabolites.

Without derivatizing, 99% of the radioactivity in urine was

recovered prior to a k" of 2.0. The fact that essentially

all the radioactivity was derivatized strongly suggested

that the metabolites were all acids.

To further characterize fraction B radioactivity,

this fraction was reinjected (Figure 23) using 40% methanol/

10% acetonitrile/water as the mobile phase. This figure

also shows the results of reinjecting fraction C with 25%

methanol/45% water and sufficient acetonitrile to make lo 0%

by volume. The radioactive component in Fraction B (indi

cated by an arrow) accounts for 9% of the total radioactiv

ity in urine. Fraction C, also shown in Figure 23, Con

tains two radioactive components and accounts for approxi

mately 36% of the urinary radioactivity. Figure 24 shows

fraction D, 25% of the total urinary radioactivity, re

solved into five components with 55% acetonitrile/10%

methanol/water.

There appear to be l6 or 17 components which account

for 80% of the radioactivity. The most abundant component,

(34% of the total) was found in fraction C.
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Figure 21. High performance liquid chromatogram of

radioactive urinary metabolites derivatized

with a-bromo-2'-acetonaphthone. Four areas

of radioactivity (A, B, C, and D) are indicated

and account for 80% of the radioactivity in

the urine sample. The mobile phase was

changed to 100% acetonitrile at k' = 21,

as indicated by the arrow. This separation

was made on a preparative reverse-phase C-18

Column.
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Figure 22. High performance liquid chromatogram of

the acetonaphthone derivative of radio

active urinary ECV metabolites in fraction

A (defined in Figure 21). This separation

was made on a preparative reverse phase

C-18 column. Radioactive components are

indicated by the bar graph and represent

approximately l'7% of the total radio

activity in the urine.
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Figure 23. High performance liquid chromatogram of the

acetonaphthone derivative of radioactive

urinary ECV metabolites in fractions B and

C (defined in Figure 21). Radioactive com

ponents are identified by arrows. Fractions

B and C contain 9 and 36% of the total

urinary radioactivity, respectively. The

separation was performed on a preparative

reverse-phase C-18 column.
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Figure 24. High performance liquid chromatogram of the

acetonaphthone derivative of radioactive meta

bolites in fraction D (defined in Figure 21).

The arrow indicates a two-fold decrease in

the full-scale absorbance. Radioactive

components are indicated by the bar graph.

Fraction D contains approximately 25% of

the total radioactivity in urine. This

separation was performed with a preparative

reverse-phase C-18 column.
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Although derivatization allowed for ultraviolet detec

tion and better separation of metabolites, difficulties were

encountered. The metabolite derivatives were not suffi

ciently stable to withstand multiple isolation and purifica

tion steps. Also, many other compounds in rabbit urine

formed derivatives which interfered with metabolite isola

tion and detection.

ISOLATION OF THE MAJOR METABOLITE

The major metabolite (k" from 7 to 8.5 in Figure 17)

was apparently the least polar of the nonderivatized major

metabolites and was considered the most likely to possess

pharmacologic activity. This metabolite, accounting for

30% of the radioactivity in urine, was further isolated

from urinary constituents using the mobile phases shown in

Figure 25. Acetate buffer (10 mM, pH 6.0) in 40% methanol

was used to separate urinary components from the metabolite.

This system demonstrated that the radioactivity was appar

ently one component and did not absorb light at 254 nm.

For final purification of the major metabolite, a mobile

phase consisting of 5% acetonitrile/5% methanol was used.

This system separated acetate salts and other impurities

from the metabolite. Upon repeated injections, followed

by lyophylization, approximately six mg of what will hence

forth be called Metabolite C, was collected.

IDENTIFICATION OF THE MAJOR METABOLITE

From its physical and chemical properties, Metabolite

C was apparently a polar weak acid. Furthermore, from the
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Figure 25. High performance liquid chromatogram of

nonderivatized radioactive urinary meta

bolites of ECV in fraction # 2 (defined in

Figure l7). This fraction is also refered

to as Metabolite C. Ultraviolet absorption

is superimposed on a bar graph of radio

activity. The mobile phase 40% methanol/

pH 6.0 acetate buffer was used to separate

the majority of ultraviolet absorbing con

taminants from the metabolite (left panel).

The other mobile phase, 5% methanol/5%

acetonitrile, was employed to remove acetate

salts and other impurities from the meta

bolite (right panel). Twenty times more

radioactivity was injected and a more sen

sitive detector setting was used for the

second chromatogram. The radioactive fraction

between the ultraviolet-absorbing contaminants

in the second chromatogram was collected.

Both separations were performed with an

analytical reverse-phase C-18 column.
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polarity of the unionized form, it was expected to be

polyhydric. Spectral studies were carried out to deter

mine the identity of this metabolite.

MASS SPECTROSCOPY

Metabolite C was derivatized to provide the necessary

volatility for collection of mass spectral data. The deri

vatization entailed treatment with diazomethane to form the

methyl ester of the acid group and treatment with N, O-bis

(trimethylsilyl) trifluoroacetamide to form trimethylsilyl

ethers of hydroxy groups. Gas chromatography-mass spectro

scopy did not provide usable spectra, consequently, direct

insertion was used to obtain electron-impact mass spectra

of the derivative of Metabolite C. The fragmentation

pattern obtained was typical of the carbohydrate portion

of a glucuronide (62) at m/e 407, 317, 275, 217, and 204.

However, no molecular ion was observed and the only chlorine

containing fragment was at 127/129.

To obtain a molecular ion of Metabolite C, chemical

ionization with direct insertion was necessary. The mass

spectrum (Figure 26) shows ions at m/e 623/625, 407, 317

(base peak), 275, 127/129, and 91. Ions at m/e l27/129 and

91 are reported (63) to be the major ion fragments of ECV

with chemical ionization.

These mass spectral data suggested the presence of a

glucuronide of ECV. The structures of two such glucuronides

are present in Figure 27. The molecular ion expected for

the methyl ester tris-trimethylsilyl derivative of the



89

Figure 26. Chemical-ionization mass spectrum of the

methyl ester pertrimethylsilyl derivative

of Metabolite C. Base peak at m/e 317 should

be 100% relative intensity. Peaks of less

than 5% relative intensity in the m/e

region of 410 to 80 are omitted. The ions

in the m/e region 690 to 620 are shown five

times their actual intensity.
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Figure 27. Structures of two proposed glucuronide

metabolites of ECV. The glucuronide shown

on top is the acetylenic C-glucuronide.

The lower structure is the more conven

tional O-glucuronide of ECV.
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O-glucuronide (551/553) was not observed. Instead, chlorine

containing ions at 62.3/625 were present. The observation of

a MH" ion 72 mass units higher than that expected suggested

the incorporation of an additional trimethylsilyl group

during the derivatization.

The presence of four trimethylsilyl groups in the ion

at 62.3/625 was demonstrated by derivatizing a fresh sample

of the methyl ester of Metabolite C with N, O-bis- (trideuter

omethylsilyl) trifluoroacetamide-d18. The chemical ioniza
tion spectrum of this derivative showed that the MHt had

moved 36 mass units to m/e 659/661, thus confirming the

presence of four trimethylzilyl groups.

Figure 26 also shows an ion at 681/683 which corre

sponded to a derivative with five trimethylsilyl groups

minus a methylene, presumable a trimethylsilyl ester formed

because of incomplete methylation of the acid during the

diazomethane step.

The C-glucuronide is consistent with the mass spectral

data in that its methyl ester trimethylsilyl derivative con

tains four trimethylsilyl groups. The derivative of the O

glucuronide methyl ester could contain four trimethylsilyl

groups if the acetylenic hydrogen were replaced with a tri

methylsilyl group. To examine this possibility, a sample

of ECV was derivatized with the same agent under the same

conditions as was the metabolite. The infrared spectrum

showed no absorbance at 3600 cm-4, and strong absorption
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at 3300 cm−1, indicating replacement of the alcoholic

proton and not the acetylenic proton. Proton magnetic

resonance spectra in deuterated chloroform demonstrated

the presence of the acetylenic proton at 2.44 ppm, but

the alcoholic proton was not observed. Thus the identity

of Metabolite C as the O-glucuronide was not supported by

this data.

INFRARED SPECTROSCOPY

A grating infrared spectra of ECV, cast as the neat

liquid between KBr plates, is shown in Figure 28. The

strongest aborption (acetylenic C-H stretching) is at

3300 cm−1. The O-H stretching is observed at 3600 cm-l

as well as intermolecular O-H stretching at 3400 cm−1.

The vinyl and aliphatic C-H stretching is seen at 3050
land 2970 cm ", respectively.

l of theFigure 29 shows the region 3800 to 2630 cm."

Fourier Transform (FT) infrared spectrum of ECV as a dilute

(0.5 mg/ml) solution in carbon tetrachloride. As expected,

the intermolecular hydrogen bonding seen in the spectrum

of neat ECV is not present in the spectrum of the dilute

solution.

The infrared spectrum of Metabolite C was used to

differentiate between the O and C-glucuronide structures

in Figure 27. The C-glucuronide has no acetylenic C-H

stretch, whereas the O-glucuronide should have strong

absorbance in this acetylenic C-H stretching region.

As the metabolite was not particularly soluble in
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Figure 28. Grating infrared spectrum of ECV cast as the

neat liquid between KBr disks. Transmittance

is plotted against wavenumbers (cmT1).

The region from 4000 to 1200 cm−1 is

shown.
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Figure 31. Fourier Transform infrared spectrum of the

methyl ester tetraacetate derivative of

D-glucuronic acid as a dilute solution

(0.4 mg/ml) in carbon tetrachloride.

Absorbance is plotted against wavenumbers

(cmT1). The region 3800 to 2630 cm-l

is shown.
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carbon tetrachloride, the methyl ester peracetate deriva

tive was prepared. To rule out the possibility that the

acetylenic hydrogen was replaced during acetylation, ECV

was derivatized in the same manner as the metabolite. The

methyl ester tetraacetate derivative of D-glucuronic acid

was prepared to determine the contribution of this moiety

to the absorbance in the 3300 cm^* region.

FT infrared spectrum of ECV acetate (Figure 30) shows

the presence of the acetylenic C-H stretch, but no absor

bance in the 3600 cm-l. region, thus confirming that acetyl

ation occurred at the alcoholic, and not the acetylenic,

hydrogen. The FT infrared spectrum of the methyl ester

tetraacetate of D-glucuronic acid (Figure 31) showed

essentially no absorption throughout the spectrum as expec

ted. The methyl ester peracetate derivative of Metabolite

C (Figure 32) showed absorption in the 2950 cm-l region but

the absorbance at 33ll cm^* was only 6% of that expected

for an acetylenic C-H stretch. This degree of absorption

at 33ll cm^* could be explained by a contaminant.

The FT infrared spectra of all four compounds, in

approximately the same concentration, are compared in

Figure 33. The infrared data do not support the O-glucuro

nide structure.

Spectroscopic evidence presented above supports the

structure of the acetylenic C-glucuronide of ECV (Figure

27). The mass spectral data are, however, consistent with

a number of C-glucuronides of ECV, but the infrared data
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Figure 32. Fourier Transform infrared spectrum of the

methyl ester peracetate derivative of

Metabolite C as a dilute solution (0.3 mg/

ml) in carbon tetrachloride. Absorbance

is plotted against wavenumbers (cm−1).

The region 3800 to 2630 cm" is shown.
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Figure 33. Fourier Transform infrared spectra of four

compounds: 1) ECV ; 2) ECV acetate; 3)

methyl ester tetraacetate of D-glucuronic

acid; 4) methyl ester peracetate derivative

of Metabolite C. All four compounds are

dissolved in carbon tetrachloride at approxi

mately the same concentration (0.3 to 0.5

mg/ml).
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suggest the absence of the acetylenic hydrogen replaced,

presumably, by glucuronic acid.

PROTON MAGNETIC RESONANCE

Further evidence substantiating the acetylenic C

glucuronide structure was obtained from proton magnetic

resonance spectra. The underivatized metabolite was used

rather than a lipophilic derivative because of probable

interference by protons added to the metabolite during

derivatization. For example, acetate protons of sugar

derivatives have chemical shifts (64) in the 2 to 3 ppm

region-an area expected to contain spectral information

from methylenic and acetylenic protons.

To compare chemical shifts of the nonexchangable

protons of ECV with that of the metabolite, proton magnetic

resonance spectra of ECV (Figure 34) and the metabolite

(Figure 35) were obtained in polar deuterated solvents.

The exchange of the acetylenic proton of ECV was of parti

cular importance for structural assignment. To this end,

a sample of ECV in deuterium oxide/deuterated methanol

was heated in steam for five minutes to encourage the ex

change. Figure 34 demonstrates that the acetylenic proton

(2.96 ppm) was not exchanged under these conditions but

that the alcoholic proton was. The unusual splitting of

the methylene protons (multiplet at l. 5 to 2.0 ppm) is

due to the proximity of the asymmetric center. The methy

lene protons are intrinsically nonequivalent (65, 66). The
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Figure 34. Proton magnetic resonance spectrum of ECV

in D2O/CD30D, l: l. The spectrum was obtained

with the FT-80 spectrometer.
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Figure 35. Proton magnetic resonance spectrum of the

nonderivatized Metabolite C in D2O at ambient

temperature. The spectrum was obtained with

the XL-100 spectrometer.
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triplet at l.0 ppm (J-7 Hz) represents the methyl group.

The doublets at 6.5 and 5.9 ppm represent the vinyl protons

whose coupling constant (13. 3 Hz) suggests the trans geome

tric isomer. This assignment is consistent with that re

ported (8) using infrared data.

The proton magnetic resonance spectrum of Metabolite

C in D.20 (Figure 35) supports the presence of the vinyl

chloride group by the doublets at 6. 7 and 5.9 ppm with a

coupling constant (13. 3 Hz) equivalent to that of ECV.

Integration of the region from 4 to l ppm revealed a ratio

of 4:2: 3: for the protons at 3.5, l. 8, and l. 0 ppm, re

spectively. The ethyl group was apparently intact whereas

the acetylenic proton, expected at 3.0 ppm, was absent.

The region 3.0 to 3.8 ppm, representing four protons, was

consistent with that expected for the ring protons of glu

curonic acid (67). The anomeric proton of glucuronic acid

was not Observed; however, a side band on the HOD peak at

4.7 ppm was a possible indication of such a proton. The

temperature of the sample was lowered to 10°C to determine

if movement of the HOD peak would reveal the anomeric pro

ton doublet. The spectrum of the metabolite at 10°C (Figure

36) shows a doublet at 4.7 ppm (J-7.7 Hz) now resolved from

the HOD peak, characteristic of an anomeric proton. The

chemical shift and vicinal coupling constant of anomeric

proton have been used (68, 69) to assign the conformation

of sugars. Based on this chemical shift and coupling con

stant, the glucuronic acid moiety is in the 3-conformation
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Figure 36. Proton magnetic resonance spectrum of the

nonderivatized Metabolite C in D2O at looc.

The spectrum was obtained with the XL-100

spectrometer.
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as is normally the case with naturally-occuring glucuronides.

All of the spectral data support the assignment of the

acetylenic C-glucuronide structure to the major metabolite.

Furthermore, the observation of resistance of this metabo

lite to hydrolysis by 3-glucuronidase (Table XII) is con

sistent with that observed for other C-glucuronides (70,

71).

IMPLICATIONS OF ACETYLENIC C–GLUCURONIDATION

The discovery of an acetylenic C-glucuronide is signi

ficant for two reasons. It is one of only a few examples

(70, 71, 72) of a glucuronic acid conjugate known to be

attached by a carbon-carbon bond. It is also the first

example of a conjugate of an acetylene.

The proton magnetic resonance spectra of the C-glucur

onides of the pyrazolidines, phenylbutazone (71) and sul

finpyrazone (70) as well as C-glycosides (73), demonstrate

a coupling constant of lo Hz for the anomeric proton. The

corresponding O-glucuronides of the pyrazolidines are re

ported (74) to have coupling constants of 7 Hz, in contrast

to the coupling constant (7.7 Hz) reported here for a C

glucuronide.

Generally, vicinal coupling constants are lowered by

an electronegative substituent on the carbon attached to

the proton (75). The anomeric vicinal coupling constant

observed (7.7 Hz) can be explained by the electronegative

properties of the acetylenic substituent. The anomeric

proton may lie just outside the shielding effects of the
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cone of pi electrons of the acetylenic group.

Typically, glucuronic acid conjugation does not take

place directly, but requires the activation of glucuronic

acid by the synthesis of uridine diphosphate glucuronic

acid. The interaction of uridine diphosphate glucuronic

acid with the acceptor drug is catalyzed by the enzyme

glucuronyltransferase. Multiple uridine diphosphate

glucuronyltransferases have been suggested (76) for the

formation of O, N, and S-glucuronides. C-Glucuronides

may also have unique glucuronyltransferases for their

formation. Furthermore, although activiation of glucur

onic acid by uridine diphosphate is required for O, N, and

S-glucuronides, there may be another mechanism for the

activation of glucuronic acid to form C-glucuronides.

Glucuronides are often identified by the release

of the parent drug on treatment with 3-glucuronidase. C

Glucuronides appear to be resistant to 3-glucuronidase and

therefore cannot be identified by this method. Drug metab

olism literature often contains statements on the presence

of "unidentified polar metabolites". Many of these meta

bolites may be, in fact, C-glucuronides. It is interest

ing to speculate that specific enzymes exist for the hydro

lysis of C-glucuronides. Such enzymes would be an invalu

able tool in the study of polar metabolites.
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1)

2)

3)

4)

5)

SUMMARY

Essentially all (>94%) of an ECV dose in rabbits

is recovered in the urine as polar weak acid

metabolites.

There may be as many as lo or 17 metabolites of

ECV in rabbit urine; the major metabolite accounts

for 30% of the urinary metabolites.

The major metabolite has been identified as the

acetylenic C-glucuronide of ECV. This metabolite

is the first example of an acetylenic conjugate

and represents the third type of C-glucuronide

known to occur in mammals.

The rabbit experienced two kinds of toxicity

following ECV administration:

1) central nervous system depression and

2) incoordinated breathing with convulsions
leading to death.

The rabbit was more susceptible to the toxic effects

of ECV following intravenous administration than

after either oral or intraperitoneal dosing.

Central nervous system depression was ascribed to

a direct effect of ECV; however, the incoordinated

breathing and convulsions were not.
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7)

8)

9)

Concentration-dependent kinetics were demonstrated

with ECV in the rabbit, but the mechanism remains

unclear.

Binding of ECV to rabbit plasma constituents was

determined not to be a cause for the nonlinear

kinetics observed in that it remained constant

throughout the concentration range observed in

rabbits.

Metabolic clearance of ECV in rabbits is 20 to 30

times more per kilogram than that reported for man.
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TABLES OF PLASMA ECV

CONCENTRATION – TIME DATA

RABBIT #A 2.72 kg l()0 mg IV 7 minutes

7 min 29 mg/liter
15 min l2. 7
30 min 6.3
60 min 2.2

l20 min 0 - 75
180 min 0 - 25
240 min 0. l.2

RABBIT #B 3.3 kg 120 mg IV 7 minutes

7 min l6.2 mg/liter
15 min 9. 8
30 min 4 - 9
60 min 2.0

l20 min . 98
180 min . 48
240 min ... l7
300 min . 10
360 min 0 - 05

RABBIT # B l, 000 mg IP

30 min 22
90 min l3 - 5

l80 min 2l. 5
240 min 26
300 min 27. 5
360 min 28
480 min 24
600 min 8. 3

RABBIT #C 4. 77 kg 100 mg bolus IV

5 min 10.04 mg/liter
60 min l. 22

120 min 0. 509
l80 min 0.274 64.58 mg/hr infusion

until 505 min
240 min 2 - 88
300 min 3. 6.7
360 min 4. 40
420 min 5. 33
480 min 7. 32
515 min 8. 70 Dead
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RABBIT

5. 5
70

125
185
245
345

13 hr
15 hr
l6 hr
17 hr

RABBIT

60
120
190
240
300
360
420
480
540
600
660
720

# D

min
min
min
min
min
mi■ h

35 min
5 min
5 min

35 min

min
min
min
min
min
min
min
min
min
min
min
min
min

#F

3.3 kg l8. ll mg bolus, 5.5 min

2.29 mg/liter
0.21
0 - 0.82
0 - 0.6l
0.023
0 - 0.09

l. 51 mg/liter 20.48 mg/hr infusion
l. 64
l. 94
2. 05 Dead >

4.5 kg 20.5 mg bolus IV

l. 62 mg/liter
0 - 197
0.123
0.100
0.077 start infusion 20.5 mg/hr
0 - 845
l. ll
l. 41
l. 62
2.02
1. 89
l. 64 stopped infusion
l. 55 Dead

3.85 kg 29 mg bolus 8.5 minutesRABBIT

8 - 5
60

120
180
240
300
360
420
480
540
610
660
720
780
840

min
min
min
min
min
min
min
min
min
min
min
min
min
min
min

3.6 mg/liter
0.42
0.148

- 064
0.049 start infusion 27.4 mg/hr
0 - 67
0 - 8 7
0.9 l
l. 10
0.83
l. 37
l. 75 end of infusion
0 - 315
0 - 16
0.084 Dead
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RABBIT #G

10
60

125
180
240
300
3.68
420
475
560
605
660
720
780

min
min
min
min
min
min
min
min
min
min
min
min
min
min

RABBIT # H

180
1060
ll 60
1200
l260
1340

min
min
min
min
min
min

RABBIT # I

390
960

1020
1080
ll 40
1190

min
min
min
min
min
min

RABBIT # J

30
60

120
240
420
540

min
min
min
min
min
min

3.9 kg 10.01 mg bolus for 10 min

.968 mg/liter

. 15
0.079
0.043 started infusion (8 mg/hr)
0.23
0.40
0 - 68
0. 635

. 738
0. 678
0.738 stopped infusion
0 - 362
0.182
0 - 0.96

3.59 kg 2. l3 mg/kg/hr I. V.

0.165 mg/liter
0.31
0 - 313
0.305 end of infusion
0.14
0.09 Dead

3.98 kg 4.19 mg/kg/hr I.V.

0.42 mg/liter
l. 2
l. 0.5
l. 25 end of infusion
0 - 365
0.096 Dead

2.81 kg 100 mg IP

mg/literi . :
5
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2.81 kg

15.5 mg/liter
19
46
43
35
23
13

4.5
l. 2
0 - 006

3.71 kg

8 mg/liter

RABBIT #J

30
60

150
240
360
480
600
720
840

1440

min
min
min
min
min
min
min
min
min
min

RABBIT # K

5
30
60
90

120
180
240
300
360

min
min
min
min
min
min
min
min
min

RABBIT # K

6
15
30
45
60
90

120
180
240
300
360
420
480
555

min
min
min
min
min
min
min
min
min
min
min
min
min
min

3.71 kg

l4.3 mg/liter
22.2
30 - 3
29. 3
34.2
34. 1
25. 7
13 - 9

6. 62
3.4l
1. 57
0.92
0.64
0.46

l, 000 mg IP

200 mg orally

l, 000 mg orally
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RABBIT #L

7
15
30
60

120
180
240
300
360
420
480
540

min
min
min
min
min
min
min
min
min
min
min
min

4.3 kg

24.2 mg/liter
27 - 0
43.6
56. 0
47. 3
42 - 0
34 - 5
28 - 6
23. l
19.4
l5.4
10 - 7

l,000 mg orally
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