Impurity in Halothane Anesthetic

Abstract. A halogenated butene has
been isolated from commercially avail-

able halothane (Fluothane). Its concen- -

tration increases under the conditions
in which halothane is commonly used
in clinical work.

Because of recent reports (I) of
hepatic necrosis following the adminis-
tration of halothane (2-bromo-2-chloro-
1,1,1-trifluoroethane), and on request
of the Subcommittee on the National
Halothane Study of the Committee on
Anesthesia of the National Academy
of Sciences—National Research Council,
an examination of this drug was under-
taken for the presence of other halogen-
ated compounds. Gas chromatographic
analysis of halothane (hydrogen flame
detector; di-isodecyl phthalate column;
70°C; helium flow 50 ml/min) showed
the presence of a compound with a re-
tention time of 35 seconds; halothane
has a retention time of 75 seconds.
The compound was present in each
bottle of halothane that was examined,
whether freshly opened or not. The
average concentration in freshly opened
bottles was approximately 0.01 percent.
It was also shown, in a number of
samples, that the concentration of this
compound may increase under condi-
tions in which halothane is used clin-
ically. On one occasion it had increased
to 0.1 percent during 5 days’ use
when the compound was stored con-
tinuously in a “copper kettle” vapor-
izer. Therefore a series of laboratory
studies were undertaken to determine
the conditions which would cause the
concentration of this compound to
increase.

Halothane, when refluxed in the

presence of copper filings in an oxygen
atmosphere, yielded an increased con-
centration. Heat further accelerated the
reaction. In the absence of either cop-
per or oxygen the concentration of the
compound did not increase. Fractional
distillation also yielded an increase of
the compound, with radical enrichment
observed, in the residual volume.
Identification of the compound was
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achieved by mass spectrometry follow-
ing preparative gas chromatography
with collection of the effluent under
liquid nitrogen. The substance thus
identified is 2,3-dichloro-1,1,1,4,4,4-
hexafluorobutene-2, existing as the cis
or trans isomer. Its boiling point is
67.8°C with a molecular weight of
232 (2). A feasible chemical mechanism
of formation of the compound from
halothane might be:
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The pharmacologic properties of this
compound have been only partially
studied. Lu et al. noted that the com-
pound produced convulsions at the
point of anesthesia in two of four rats
studied. All the rats had postanesthetic
analgesia and died within 18 hours (3).

~ This compound is closely related struc-

turally to fluorocarbons of high toxicity.
Clayton has shown that the presence
of a double bond in the polyfluoro-
alkenes is associated with an increase in
chemical activity and toxicity over that
shown by the alkanes. In addition, the
alkenes show ‘an increasing toxicity
with an increase in the number of
chlorine atoms (4). However, since re-
lationships between molecular config-
uration and toxicity are still obscure,
investigations are currently under way
to delineate the toxicity of this com-
pound. A preliminary investigation in
our laboratory has shown that it is
acutely toxic to the dog when inhaled
in anesthetic concentration. Delayed
onset of anesthesia was followed by
convulsions and death within 1 hour
and 40 minutes. Another investigation
has shown toxic symptoms in Wis-
tar strain rats, after exposure for 4
hours to a 0.01-percent concentration,

Severe degenerative changes were ob-
served in the lung, liver, and kidney (5).

Of pertinent interest is a recent
article (6) entitled “Halothane Hepa-
titis, an American Disease?” The wide
use of copper vaporizers in this coun-
try as opposed to nickel-plated or glass
vaporizers in many other countries may
be significant.

Although the relative toxicity of
2,3 -dichloro-1,1,1,4,4,4 - hexafluorobu-
tene-2 still remains to be established,
a note of caution would include the
suggestion that halothane be removed
from the vaporizer at the end of each
day’s use to prevent a continuous con-
centration by evaporation and to furth-
er reduce to a minimum the time of
contact within the copper container.

Erris N. CoHEN
J. WELDON BELLVILLE
Department of Anesthesia, Stanford
University, Stanford, California
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Stanford University
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DDT and Dieldrin in Rivers:
A Report of the National Water
Quality Network

Abstract. As a part of the water-
quality surveillance activities of the Na-
tional Water Quality Network at 101
sampling stations, insecticides were
identified in 38 samples from ten rivers
during the period May through Decem-
ber 1962. Both DDT and dieldrin were
identified by infrared and gas chroma-
tographic analysis of carbon adsorption
extracts.

Since the introduction of DDT as
an insecticide during World War II,
the use of organic pesticides has in-
creased enormously. It has been esti-
mated that more than 9000 commercial
pesticide preparations are available in
the United States (I). Such com-
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@ STATIONS SUBMITTING CARBON ADSORETION
SAMPLES DURING MAY-DECEMBER, 1962
STATIONS PRODUCING AT LEAST ONE SAMPLE

CONTAINING DDT OR DIELDRIN

Fig. 1. Identification of DDT and dieldrin by the National Water Quality Network,

May-December 1962.

pounds, applied to foliage, soil, and
water courses may be expected to move
with rainfall and runoff into rivers and
their tributaries (2), provided the com-
pounds are sufficiently resistant to deg-
radation by biochemical and physical
action. Many of the chlorinated insec-
ticides, including DDT and dieldrin,
resist such action (3).

As a part of the sampling and ana-
lytical program of the Public Health
Service National Water Quality Net-
work (4), the carbon adsorption meth-
od (5) is used for qualitative screening
of river water samples taken monthly
for the determination of a wide variety
of organic pollutants. As a dividend
of this program which is designed to
assess water quality in terms of nu-

merous pertinent parameters, qualitative
screening for pesticides has also been
possible. This report, which covers

. the period from May through Decem-

ber 1962, includes pesticide identifica-
tions made on samples received from
101 stations. The geographical loca-
tions of these stations are shown in
Fig. 1.

Samples were obtained by passing up
to 19,000 liters (5000 gal) of water
through a 7.6 X 45.7 cm (3 X 18 in.)
glass cylinder containing activated car-
bon (5) at a flow rate of 1.9 liters (0.5
gal) per minute. The chloroform ex-
tract (CCE) of the dried carbon was
separated, according to solubility, into
neutral and other fractions. An aro-
matic subfraction was separated from

Table 1. Identification of DDT and dieldrin in river water .in 1962, The figures in parentheses
after the number of samples denote the beginning date of the first sample and the ending
date of the final sample. Approximately one week was required to collect each sample.

NWQN
st;t(i)on River Location sI;Ir?'l‘p?efs S;ggitgggg
75 Susquehanna Conowingo, Md. 4 (8/1-11/14 DDT
12 Delaware Phila., Pa. 4 (5/17-11/20) DDT
48 Savannah N. Augusta, S.C. 6 (5/4-12/16) Dieldrin
120 Chattahoochee Lanett, Ala. 2 (9/7-11/19) DDT
929 Tennessee Pickwick Ldg., Tenn. 6 (7/17-12/27) DDT
46 Rio Grande El Paso, Texas 1 (July and Sept.)* DDT
71 Rio Grande Brownsville, Texas 1 (11/19-12/4) DDT
122 San Joaquin Vernalis, Calif. 2 (8/29-10/24) DDT
116 Sacramento Greens Ldg., Calif. 3(5/23-10/9) DDT
89 Yakima Richland, Wash. 3 (6/19-11/20) DDT
112 Columbia Northport, Wash. 1 (10/20-10/27) DDT
10 Columbia Wenatchee, Wash. 1 (Oct.~-Dec.)* DDT
9 Columbia Pasco, Wash. 3 (10/5-12/13) DDT
81 Columbia McNary Dam, Ore. 1(11/5-11/19) DDT
* Composite.
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the neutral fraction by column chroma-
tography with benzene as the mobile
solvent (6). The infrared spectrum of
each chloroform extract and aromatic
fraction was examined for absorption
bands characteristic of DDT and diel-
drin as well as of other pesticides. Each
aromatic fraction was also subjected
to gas chromatographic analysis (7).
The results are summarized in Table 1.

The aromatic fraction of each sam-
ple producing infrared absorption bands
characteristic of DDT also gave at
least two of the three chromatographic
peaks associated with technical grade
DDT. Similarly, those aromatic frac-
tions which generated infrared spectra
characteristic of dieldrin also produced
a chromatographic peak identical to
that of commercial dieldrin. The car-
bon adsorption—infrared method is
qualitative; however, by this method
these compounds have been detected
at a concentration of 10 pg per liter
(8). Our experience has often indicated
that sensitivities of less than 1. pg per
liter can be obtained. In pilot studies
with carbon (9) it has been reported
that 98 percent of the DDT in an emul-
sion (5 mg/liter) is adsorbed and 80
percent is recovered by extraction. Since
the aromatic subfraction, from which
the infrared identifications were made,
represents a concentration of 1 to 2 pg
per liter in water, it is reasonable to
assume that the concentration of pesti-
cide was not appreciably greater than
this value. Such concentrations are
well below those known to be toxic to
fish (9) or presumed to be hazardous
to man (10).

DDT and dieldrin were not found
in the drainage from many agricultural
areas including the Mississippi and
Missouri rivers. It is possible that
these compounds were present in con-
centrations below those which can be
detected by the screening method used.
Moreover, according to Berck (2)
chlorinated hydrocarbons are adsorbed
on the suspended solids of river water.
Thus, the silt common to some rivers
may effectively remove pesticides from
water.

The presence of DDT or dieldrin at
14 of 101 locations most probably
represents runoff from localized up-
stream applications of these pesticides
to land areas.

ANDREW W, BREIDENBACH
JAMEs J. LICHTENBERG
Division of Water Supply and
Pollution Control, Department of
Health, Education, and Welfare,
1014 Broadway, Cincinnati 2, Ohio
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Acetylcholine-like Activity
in Sciatic Nerve

Abstract. Extracts of sciatic nerve
exhibit acetylcholine-like activity that is
only partly attributable to acetylcholine.
The extracts show relatively greater
activity on the rectus abdominis muscle
of the frog than on the ileum of the
guinea pig. To prevent the action of
the extract on the frog rectus abdominis
muscle, a greater concentration of
d-tubocurarine is required than s
necessary to prevent the action of
known acetylcholine.

The different sensitivities of the
ileum of the guinea pig and the rectus
abdominis muscle of the frog to
acetylcholine and its congeners have
been exploited to show the presence
of choline esters other than acetyl-
choline in tissue extracts (/). In meas-
uring  acetylcholine-like activity in
acetone extracts of sciatic nerve pre-
pared (2) from rabbits treated with
physostigmine, we observed that a
higher value was obtained in measure-
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ments on the frog muscle than that
obtained on the guinea pig ileum (3).
When assayed on the frog muscle, the
sciatic nerve contained activity equiva-
lent to 2.55 =+ 0.43 pg of acetylcholine
per gram of fresh weight; on the guinea
pig ileum, 1.57 = 0.41 ug acetylcholine

‘per gram of fresh weight.

Examination of subcellular fractions
(4) obtained by differential centrifuga-
tion of the sciatic nerve revealed
another discrepancy. When assayed on
the frog muscle, the acetylcholine-like
activity was almost equally divided be-
tween the soluble fraction of the nerve,
which contained 47.3 * 4.6 percent of
the activity, and the total particulate
material. When assayed on the ileum,
79.3 = 0.60 percent of the activity was
in the soluble fraction.

These observations suggested that a
choline ester other than acetylcholine
may be present in the sciatic nerve
extracts, since the frog muscle is sensi-
tive to low concentrations of many
choline esters, whereas the guinea pig
ileum is especially sensitive to acetyl-
choline and relatively insensitive to
other choline esters (7).

An alternative explanation—that the
extracts contained material that either
sensitized the frog muscle to acetyl-
choline or prevented the response of
the ileum to acetylcholine—was ruled
out by showing that on both muscles the
effects of the extract (boiled or un-
boiled) and of known acetylcholine
are additive.

The following evidence is consistent
with the idea that the guinea pig ileum
responded to acetylcholine (or a closely
related compound) in the nerve extract.
The slopes of the dose-response curve
for the extract and for acetylcholine
were identical.

The effects of equally active doses
of the extract and of acetylcholine were
prevented by atropine at the same dose,
6 pg/liter; neither pyrilamine maleate,
5 pg/liter, nor lysergic acid diethyla-
mide, 50 ug/liter, which are, respec-
tively, antagonists of histamine and
5-hydroxytryptamine, affected the ac-
tivity of the extract or of acetylcholine.
The atropine-treated ileum recovered
its sensitivity concurrently with both
the extract and acetylcholine. The ac-
tion of the extract on the ileum, like
that of aceytlcholine, was destroyed
both by boiling for 10 minutes at pH
10 and by incubation with acetylcho-
linesterase prepared from bovine eryth-
rocytes. Finally, when the extract was
chromatographed on paper (5), all ma-

2min

Vb=
S s S

AIh ! Tlhl IchI:

Fig. 1. The effect of d-tubocurarine on the
action of 200 ng of acetylcholine (Ach)
and an extract (E) equivalent to 90 mg
of sciatic nerve on the frog rectus ab-
dominis muscle. Numbers refer to pg of
d-tubocurarine  chloride  pentahydrate,
which was permitted to act for 10
minutes. The upper arrows indicate a
change of bathing solution.

terial with activity was eluted in the
area, Rr 0.00 to 0.20, that included
known acetylcholine (Rr 0.12).

That the rectus abdominis muscle
of the frog responds to substances other
than acetylcholine in the sciatic nerve
extract is evident from the following
observations. The action of the extract
was not prevented by a concentration
of d-tubocurarine that prevented the
action of acetylcholine (Fig. 1).
Doubling  the  concentration  of
d-tubocurarine, however, did prevent
the action of the extract (Fig. 1). The
differential action of these two con-
centrations of d-tubocurarine was noted
in six of seven experiments. Further-
more, only 66.5 *= 15.6 percent of
the material acting on the frog muscle
was recovered in the eluate of material
with Rr 0.00 to 0.20; the lower dose
of d-tubocurarine completely prevented
the action of this eluate,

The extract of sciatic nerve was in-
active on both preparations if the
rabbits were not treated with physostig-
mine. It is likely that the extract con-
tains, besides acetylcholine, another
choline ester to which the frog rectus
abdominis muscle is especially sensi-
tive. Other than acetylcholine, the only
known, naturally occurring choline
ester with potent activity on this prep-
aration is propionylcholine, but since
this compound has an Rr value of 0.15
in the solvent system used in this
work, it would be included in the
examined eluate and hence cannot be
the active material (6).
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