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DEXTRO-TUBOCURARINE CHLORIDE

A Provisional British Standard *

from the Department of Biological Standards
National Institute for Medical Research, London

d-Tubocurarine chloride is a well-defined crystalline substance' and
it would be reasonable to suppose that preparations of this material having
the same physical and chemical characteristics would be substantially
identical in their biological activity. However, assay of different batches
of crystalline d-tubocurarine chloride has suggested a wider variation in
potency than would be expected from the fiducial limits of error of the
tests. Moreover, methylated curare alkaloids have been shown on occasion
to have a much higher potency than the non-methylated alkaloids from
which they are derived, so that a small proportion of methyl derivative
not readily detectable by chemical means might materially alter the potency
of a given crystalline preparation. In the light of these facts, a standard
preparation is desirable for the biological assay of pure or crude prepar-
ations of d-tubocurarine chloride intended for clinical use.

The provisional standard preparation

A preparation of air-dried crystalline d-tubocurarine chloride, the
gift of the Wellcome Physiological Research Laboratories, has been dis-
tributed into ampoules in 27-30 mg. lots and sealed in air. It has the
following characteristics:

The specific rotations for the anhydrous salt were
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The anhydrous salt melted with effervescence at 2750 C.

* Memorandum submitted by Dr. A. A. Miles to the second session of the Expert Committee on
Biological Standardization

"King, H. (1935) J. chem. Soc. p. 1381
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The analytical figures for the anhydrous salt corresponded to
C38H"06N2C12:

Found Calculated

C 58.19 58.08 59.43
H 7.10 6.98 6.84
N 3.65 3.65
Cl 9.16 9.24

The low value for C is not infrequent in this group of alkaloids.
The water content of the standard was 9.4 %, which corresponds to that

of the tetrahydrate, C38UHO6NAC12.4H20.
The standard is held by the Department of Biological Standards, National

Institute for Medical Research, Hampstead, London.

Unit of standardization

The unit of d-tubocurarine chloride is the specific activity contained
in 1 mg. of the provisional British standard preparation.
Potency tests

The following methods have been advocated:
(a) paralysis of frog, subcutaneous injection;
(b) paralysis of rabbits' neck muscles, intravenous injection;2
(c) neuromuscular block in the isolated nerve-muscle preparation of the

frog;
(d) inhibition of the acetylcholine contracture in the isolated rectus abdo-

minis of the frog;
(e) neuromuscular block in the isolated nerve-muscle preparation of the

mammal, usually the rat's diaphragm;8
(f) respiratory paralysis in the mammal, intravenous injection;
(g) loss of righting reflex or of ability to cling to a sloping surface; mouse,

intravenous injection.
For preparation of pure crystalline d-tubocurarine chloride, any one

of these assay methods would probably be suitable, though the mamma-
lian methods (b), (e), (f) and (g) are preferable since it is not yet established
that the curarizing potency of methylated derivatives of d-tubocurarine
chloride, relative to d-tubocurarine chloride itself, is the same on frog
muscle as on mammalian muscle.

Impure preparations of d-tubocurarine chloride might contain surface-
active or osmotically-active substances that would vitiate assays either

2 Bennett, A. E. (1941) Amer. J. Psychiat. 97, 1040
3 Chou, T. C. (1947) Brit. J. Pharmacol. 2, 1
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on isolated preparations or by methods requiring subcutaneous injection.
Of the listed methods, only (b), (f) and (g) are acceptable.

The rabbit head-drop method

The method originated by Holaday is referred to by Bennett, 4 but has
apparently never been described in detail. In the following form it has
been found simple and reliable.
A solution of the drug containing about 0.1 unit per ml. is infused from

a motor-driven syringe into the ear of an unanaesthetized rabbit at a rate
of about 0.2 ml./kg. body-weight/minute. There is no visible effect until
about two-thirds of a paralysing dose has been delivered. The animal's
head then begins to fall, but is jerked upward again on stimulation. The
end-point is reached when the rabbit's neck is fully extended and limp,
and the head is not withdrawn in response to a touch on the snout. This
end-point can be judged to within 10 or 15 seconds. The infusion is
then stopped, and the volume infused is noted. The time required for
the infusion should be 8-12 minutes.

The assay may be carried out as a simple cross-over test on 8-12 rabbits.
On the first day, 4-6 rabbits receive the standard and an equal number
the sample; 24-48 hours later, the test is completed, the sample being given
to the animals which had previously received the standard, and vice versa.
The amount of drug which must be injected depends to some extent on the
rate of infusion: it is smallest when the time taken to reach the end-point
is between 5 and 15 minutes. If, however, the mean time of infusion does
not differ by more than 10 % between the two groups, no correction need
be made for difference of infusion rate, and the relative potency of the
sample and the standard may be taken as inversely proportional to the ratio
of the mean dose of each required for curarization. When placid animals,
accustomed to the test, are used, the relative potency can generally be
determined within fiducial limits of 90 % and 111 % (P = 0.05) by a cross-
over test on 8 animals.

Degree of accuracy required in a biological test ofpotency

The test selected should be one that provides data from which the
limits of error of the ascertained potency ratio can be calculated by accept-
able statistical methods. It is suggested that official rules for the control
of curarizing substances be so formed that only those preparations will be
accepted whose potency is found to be between 95 % and 105.5 % of the
indicated potency, with fiducial limits (for P = 0.05) of 90% and 111 %
of the indicated potency.

4 Bennett, A. E. (1941) Amer. J. Psychiat. 97, 1040
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Toxicity tests for impure preparations

Toxicity tests must be made in the whole animal, since the major
impurities likely to be present in curare preparations are cardiac depressants,
broncho-constrictors, histamine-like and histamine-releasing substances and
convulsants.

It is clearly difficult to detect toxic substances present in such concen-
tration that the curarizing dose contains only minimally effective amounts
of them, since a slight increase over this dose will result in a lethal respira-
tory paralysis due to the active base itself. Toxic substances present in
greater concentration are most conveniently detected by the intravenous
injection of the preparation into a decerebrate cat or dog artificially respired
by pump, and whose blood-pressure and intratracheal pressure are recorded
continuously. Pure d-tubocurarine chloride releases histamine-like sub-
stances from mammalian tissue, and the record should therefore demonstrate
that the injection of the test preparation (T) produces no more disturbance
than the injection of standard (S) in a dose 20 % greater than that of the
test preparation.
A suitable scheme is the injection, at 15-minute intervals, of 4 doses in

the following order.
T: 0.20 units/kg.
S: 0.24 units/kg.
S: 0.24 units/kg.
T: 0.20 units/kg.

It is to be noted that the method is not likely to demonstrate convulsants.
In addition to the toxicity test per se, the head-drop method in the

whole rabbit provides a check on toxicity; the animals used in the cross-
over tests should show no signs of intoxication for 48 hours after they
have recovered from the brief paralysis produced by injection of the test
sample. No separate test of toxicity is required for crystalline preparations
of d-tubocurarine- chloride.
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