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The experiments of Cushny® and others have shown that opti-
cal isomers frequently have very different physiological activi-
ties. In most of the examples so far studied the isomerism has
been due to the presence of an asymmetric carbon atom in the
molecule. Hildebrandt,2 however, records some examples of
variations in activity due to asymmetric nitrogen atoms; working
with quaternary coniine complexes he found that the g form was
always more powerful than the « variety. The differences in
activity observed by him were small (about 1 to 2), and from
his examples it might be concluded that the asymmetric nitrogen
atom did not have such a profound influence on activity as an
asymmetric carbon atom. I have recently had the opportunity
of investigating some further examples of asymmetric nitrogen
compounds, and find that the difference in activity may be large.

Jowett and Pyman® recently isolated from the bark of Xan-
thoxylum brachyacanthum the chloride of an alkaloid, which
they identified as a methochloride of I-canadine. They further
found that, of the two l-canadine methochlorides which are pos-
sible, owing to the asymmetry of the nitrogen atom (Voss and
Gadamer),* the salt from Xanthoxylum corresponded to the «

' Cushny, Jour. of Phys., xxx p. 176, 1904; Cushny and Peebles, Journ. of Phys.
xxxli, p. 501, 1905; Cushny, Journ, of Phys., xxxviii, p 263, 1909,

* Hildebrandt, Arch. f. exper. Path. u. Pharm., liii, p. 76, 1905,

* Jowett and Pyman, Trans, Chem. Soc., eiii, p. 200, 1913.

* Voss and Gadamer, Arch. d. Pharm., cexlviii, p. 43, 1910,
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variety. This appears to be the first recorded case of the isola-
tion from a natural source of a substance presenting this type
of asymmetry: and, since pharmacological activity has been
attributed to several species of Xanthoxylum, it seemed of inter-
est to make a quantitative comparison between some character-
istic action of this methochloride and that of the isomeriec g
variety, which ean be obtained synthetically.

Owing to the presence of an asymmetric carbon atom in cana-
dine a dextro-canadine also exists and, therefore, two more isomers
are possible, viz, « and g dextro-canadine methochlorides. The
ratio of aetivities of these was obtained indirectly through the
« and 8 tetrahydroberberine methochlorides, which are « and 8
racemic canadine methochlorides. The possibilities are shown
in the following scheme.

« l-canadine meth{mhim'ide} « tetrahydroberberine methochlo-
a d-canadine methochloride ride

8 l-canadine methc-chlnride} 3 tetrahydroberberine methochlo-
8 d-canadine methochloride ride

The four bodies actually compared were thus.

a l-canadine methochloride
3 l-canadine methochloride
a ld-canadine methochloride
8 ld-canadine methochloride

For the supply of these I am indebted to Dr. F. L. Pyman.

In common with other ammonium bases these alkaloids par-
alyse the motor endings in striped musele, and it is this particular
activity which has been studied; the other activities were not
thoroughly investigated, and it is very probable that the ratios
of activities obtained do not hold good for the other actions of
these bases.

It was soon evident from a few preliminary experiments that
the 8 salts were much more active than the « salts. Thus if a
series of frogs is injected with diminishing doses of « and g
canadine methochlorides, and the onset of “‘curare action™ ob-
served, a result like that in Table T is obtained, from which one
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may say that g canadine methochloride is about ten times as ac-
tive as the « salt.
TABLE 1
F'rogs average weight 20 grams

f -CANADINE METHOCHLORIDE &t -CANADINE METHOCHLORIDE
Doae . EMect Dioan Efect
Mg . g .
4.0 Complete paralysis in 7 min. | 4.0 Complete paralysis in 30 min.
2.5 Complete paralysis in 8 min. 2.5 Nearly complete paralysis in
45 min.
1.0 Complete paralysis in 10 min. 1.0 [Partial paralysis in 45 min.
0.25 Nearly complete paralysis in
50 min.

0.10 Partial paralysis in 50 min.

It appeared unlikely that an accurate comparison could be
made by this method. Variations in individual frogs, apart
from weight, and the difficulty in gauging the degree of paraly-
sis, make comparisons difficult. More accurate comparison is
obtained by the following method. The hind legs of a frog were
perfused with Ringer’s solution through the aorta just above the
bifureation into the iliac arteries. One sciatic nerve was stim-
ulated at intervals of ten seconds, with single maximal induetion
shocks, and the height of contraction of the gastroecnemius musele
was recorded. The opposite limb was then excluded from eir-
culation by a small clip on the iliac artery and Ringer’s solution
containing a known dilution of alkaloid was perfused through the
stimulated limb. The height of contractions slowly diminishes
as perfusion is eontinued and a curve of the onset of paralysis for
a given dilution is thus obtained. Plain Ringer’s solution is
then substituted to study the rate of recovery. The other leg
i1s then treated in a precisely similar manner, except that a known
dilution of the other isomer is perfused through it. In this way
a fairly accurate comparison of activities is obtained (see fig. 1
and 2.) The perfusion pressure was kept high in order to ex-
clude effects of differences in perfusion rate and was, of course,
the same for right and left legs.
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Some experiments were performed by perfusing Ringer’s solu-
tion through a paralysed or partially paralysed limb, until re-
covery was about complete; but it was found that, when once a
musele had been poisoned by one isomer, it never recovered
completely within the rather narrow time limits of a perfusion
experiment; so that it remained more susceptible to the same, or
opposite isomer, and paralysis could be easily obtained with
weaker dilutions than that originally needed. This method was,
therefore, abandoned and a comparison of one limb, one isomer,
against opposite limb, opposite isomer, was adopted.

[

LLUWHH .\'a._

Fro. 1. Errecer oF 1 15 20,000 & TETRAEYDROBERBERINE METHOCHLORIDE

Figure 1 is a typiecal tracing of the effect of 1 in 20,000 « tetrahy-
droberberine methochloride; and figure 2 that of 1 in 20,000
3 tetrahydroberberine methochloride. It will be observed that
the « compound is much weaker than the 8. By comparing \'n'l".'lk(l‘-l‘
strengths of @ tetrahydroberberine methochloride with 1 1n
20,000 « on other frogs it was found that 1 in 80,000 g produced
approximately an equal effect.

Figure 3 is a chart representation of two experiments. The
ordinates represent the height of gastrocnemius contractions, the
abscissa time in minutes of perfusion with the drug. The records
with 1 in 50,000 « racemic canadine methochloride and 1 in
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Frg. 2. ErrFecr oF 1 15 20,000 8 TETRAHYDROBERBERINE METHOCHLORIDE

i
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Fig. 3. o AND 8 TETRAHYDROBERBERINE METHOCHLORIDES
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200,000 8 racemic canadine methochloride (upper curves) show
that, with these concentrations, the rate of onset of paralysis is
very slow and not complete yet the two effects appear to be equal.
The two lower curves are from another experiment where the
concentrations of the alkaloids in the perfusion fluids were doubled,
and it is evident that the curves are again closely similar. It
may be concluded that « racemic canadine methochloride is only
one-fourth as powerful as the g form.

Figure 4 is another chart representation of two experiments
with « and g [-canadine methochlorides. In this case it was

-r"-

Y

Fra. 4. « axp 8 I-Caxapiyg METHOCHLORIDES

found that similar curves of paralysis were only obtained when
the 8 I-canadine methochloride was perfused in at one-tenth the
concentration of the «. 1 in 10,000 « and 1 in 100,000 8 produce
similar effects (lower curves). 1 in 20,000 « and 1 in 200,000 g
sive smaller but equivalent effects (upper curves). It may be
concluded that « I-canadine methochloride is to g l-canadine meth-
ochloride as 1 is to 10. But in making up the solutions for tlfese
experiments erystalline salts were used and the g form crystallises
with six molecules of water of erystallisation and the « with only
one. Correcting for this error, the true ratio is obtained of about
1 : 12 instead of 1 : 10.
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In a precisely similar way the ratio of activity of « l-canadine
methochloride to « dl-canadine methochloride was found to be
1 to a.

The ratio of the activity of « dextro-canadine methochloride
to that of 8 dextro-canadine methochloride can easily be deduced
from these data.

The previous experiments show that

() al :8l::1:12,0r12al = 8l.
(2 al:(3al +3ad)::1:50r9al = ad.
(3) (el + ad): (Bl + Bd)::1:4,0r4al + 4 ad = Bl + Bd.

Substituting «l where possible in the last equation

4al +36al =12 al + pd
28 al = Bd
Cood : Bd i Qal 228 ol
or 1 : 3 approximately.

The asymmetry of the nitrogen atom in the canadine meth-
ochlorides produces very different results in the two closely re-
lated d- and [-eanadine methochlorides. In laevo-canadine me-
thochloride the ratio is 1 : 12, in dextro-canadine methochloride
it is1:3. Furtherif the activity of « laevo canadine methochlor-
ide be taken as unity the other isomers have values as follows.

« laevo canadine methochloride, 1
a dextro canadine methochloride, 9
8 laevo canadine methochloride, 12
8 dextro canadine methochloride, 28

At present no explanation of these various degrees of activity
1s forth-coming. The dextro canadine methochlorides have not
been available in a pure state, and their properties must be in-
cluded in any generalisation. It is worth noting, however, that
a laevo canadine methochloride is very easily soluble in cold
water and that g laevo canadine methochloride is only sparingly
s::nluble; also it erystallises with six molecules of water of crystal-
ll?atian, as compared with one in the « form. Some solubility
differences might account for the different activities, but it must
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be borne in mind that the solubility in water or saline is only one
factor, and the solubility in the tissue of the myoneural junction
is equally, if not more important. There does not seem to be
any method available for testing the partition coefficient for
these substances between circulating fluid and the junctional tis-
sues. So that we may leave the speculation on one side until
some method 1s devised for testing the theory.

ADDENDUM
A simple apparatus for excluding make shocks

In cases where stimulation at regular intervals is required, it
1s convenient to use some form of elock which makes and breaks
at regular intervals the primary current of an induction coil. In
this series of experiments the Palmer clock, which is designed to
act as a time marker, was employed. The make shock was ex-
cluded from the stimulations by the following simple device.

A lever with unequal arms was mounted so that the short arm,
earrying a piece of soft iron, could be drawn downwards by means
of an electro magnet. The long arm was fitted with a light
metal bar from which depended two platinum pins. These, in
the position of rest, dip into two mereury pots insulated from
each other. Hach pot is connected with one terminal of the
secondary coil used for stimulation, and the primary circuit in-
cludes battery, elock, electro magnet of apparatus and primary
coil. At make of primary, the secondary coil is short circuited
through mereury pots and platinum pins earried by the lever. It
thus fails to stimulate. Almost immediately this short cireuit is
broken by the electro magnet raising the platinum pins out of the
mercury cups, so that, on break of primary, the break induced
shock passes through the stimulating electrodes before the plati-
num pins drop back into mercury cups, and so short cireuit the
secondary again (see diagram). The smooth working of the
apparatus depends, apart from cleanness of all contacts, on the
degree of dip of the platinum pins into the mercury. This must
be sufficient to exclude all the make shock, and the pins must be
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raised sufficiently high from the mercury to &llma:' tiLTae for t}le
break shock to pass before the secondary is short-circuited again.
It is evident that break shocks could be excluded, and make

shocks employed to stimulate, by reversing the position of the
mercury cups to the other end of the lever.

jjg
F1a. 5. DisGrRAM OF APPARATUS AND CoNNECTIONS FOR OBTAINING SINGLE
IxpuceEp BrEAK Snocks Y MEans oF Crock annp Inpuvetion CoIiL

SUMMARY

1. An asymmetric nitrogen atom may exercise a profound in-
fluence on physiological activity.

2. In the case of the l-canadine methochlorides the g salt is
12 times as active as the « isomer.

3. In the case of the d-canadine methochlorides the g variety
is only about 3 times as active as the « form.

4. In both cases the laevorotary base is weaker than the dex-
trorotary but not in equal degree.

5. No explanation of these variations in activity of the four
isomers Is satisfactory. It may possibly be connected with differ-
ences in solubility.

6. A simple apparatus is deseribed for the exclusion of make
shocks, when employing a clock and induction coil for single
stimuli at regular time intervals.






