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It was shown by Friedberger and Hartoch (1), that a prelimi-
nary injection of saturated sodium chloride solution enabled sen-
sitised guinea-pigs to survive a reinjection of the sensitising
antigen, which was sufficiently large to be uniformly fatal to
identically sensitised control animals. Friedberger and Langer
(2) have shown that sodium chloride given by the mouth in
sufficient quantity has a similar protective effect. Friedberger
and Hartoch attributed the effect of the salt to the well-known
inhibiting action of hypertonic solutions on the fixation of com-
plement, as studied in vitro. They found, indeed, that the miti-
gation of the symptoms following reinjection was attended by a
diminution in the loss of complement, which+accompanies a
normal anaphylactie reaction. Since, according to Friedberger's
theory, the complement plays an essential part in the production
of “‘anaphylatoxin,” any influence which inhibited complement-
fixation would, on this theory, prevent the appearance of anaphy-
lactic symptoms. Doubt has been cast on this explanation from
more than one quarter. Bornstein (3) pointed out that intra-
venous injection of salt in such quantities caused a considerable
dilution of the blood and increase of its volume, by the entry
of water from the tissues. He regarded this as an important
factor in the protective action. Ritz (4) showed that a prelimi-
nary salt injection protected against the action of “anaphyla-
toxin”’ prepared in vitro, which, on Friedberger and Hartoch’s
view, should not be affected. The demonstration of the anaphy-
lactic reaction of isolated plain musecle, by Schultz (5), and by
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myself (6), oceurring under conditions in which the action of
complement and the production of poisonous cleavage products
appeared to be excluded, suggested to me that the protective
action of salt injections might be due to a depression of the
responsiveness of the plain musecle. By the use of isolated organs
this possibility could be tested under conditions of ideal sim-
plicity.
METHOD

As in my former experiments the uteri of young virgin guinea-
pigs have been used throughout. Survivors from the standard-
isation of antitoxie (horse) serum have been used in all the exper-
iments on anaphylactic response. Both horns of the uterus have
been used in all experiments of this nature, the reaction of one
being tested in Ringer’s solution containing the usual 0.9 per
cent of sodium chloride, to control the degree of sensitiveness,
and the other being suspended in a similar solution, to which
a further amount of sodium echloride has been added, in pro-
portions varying in the different experiments. In some cases a
preliminary perfusion of the uterus was earried out, as deseribed
in my previous paper. As perfusion fluid either the normal or
the hypertonic Ringer’'s solution was used. The perfused horns
were then transferred to separate vessels, one containing the
normal, the other the hypertonic solution, kept warm and oxy-
genated. They were then tested in succession, each in the same
volume of its appropriate solution, The choice of hypertonie or
normal Ringer's solution for perfusion had no influence on the
result, which was solely determined by the composition of the
fluid in which the test was made. Identiecal results were obtained
without preliminary perfusion. Care was also taken to perform
the tests in the opposite orders in different experiments, so as
to exclude any possible difference due to keeping one horn longer
than the other in the solution. The temperature of the test
solutions was kept uniform at 38°C. with special care. The use
of the two horns of the uterus affords an opportunity of obtain-
ing two anatomically and physiologically identical strips of unin-
jured plain musecle, such as can be obtained from no other organ.
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The exact similarity of the curves obtained when the two horns
were tested successively in solutions of the same composition,
showed that any marked difference in the responses obtained
with the two horns might with confidence be attributed to the
only deliberate variation of the conditions, viz., the composition
of the fluid in which the organ was suspended.

The Ringer’s solution used for the controls was made up accord-
ing to one of two formulae. The first was that which I used
in my previously published experiments on the anaphylactic
reaction, being Locke's formula, with the exeeption that the
calcium content was reduced. It is as follows: NaCl, 0.9; KCl,
0.042; CaCl,, 0.012; NaHCO,, 0.05; dextrose, 0.1; water (dis-
tilled in glass), 100. This will be referred to as Ringer 1.

The second was modified from a formula given by Tyrode (7),
and has proved an extremely effective medium for preserving
the exeitability of the isolated guinea-pig’s uterus, without the
spontaneous development of high tonus or large rhythm. It may
be mentioned incidentally that it serves admirably for the method
of standardising pituitary extracts which Laidlaw and I recently
deseribed (8). It is essentially Locke's solution, with the addi-
tion of a small proportion of magnesium chloride. The mag-
nesium appears to possess a marked power of restraining the
development of irregular automatic rhythm. The formula is:
NaCl, 0.9; KCI, 0.042; CaCls, 0.024; MgCls;, 0.0075; NaHCO,,
0.05; dextrose, 0.1; water (glass distilled), 100. This is referred
to as Ringer II.

Neukirch (9) has used Tyrode’s solution with like effect for
preserving the regular rhythm and exeitability of isolated intes-
tinal loops from the rabbit.

The results obtained with these two Ringer’s solutions, with
varying proportions of additional sodium chloride, have been of
the same general type.

MODIFICATION OF THE ANAPHYLACTIC RESPONSE

Friedberger and Hartoch’s protective action was obtained by
injecting as much as 1 ce. of saturated sodium chloride intra-
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venously into a small guinea-pig (200 to 250 grams). Taking
the concentration as 37 per cent, and assuming 15 to 20 ce. as
the blood-volume of such a guinea-pig, it is easy to calculate
that the injection must raise the sodium chloride in the blood to

as much as 3 per cent. Such a concentration would, of course,
f
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F1a. 1. Urervs oF Virciy GuiNEa-Pie (BOTH HORNS)

Sensitisation 1/500 ce. diphtheria antitoxic (horse) + 1 test dose toxin: eight-
een days. Perfused with Ringer I. Bath volume (in all experiments illustrated)
250 ce. Firast horn in Ringer I, second horn in Ringer I+ 0.2 per cent NaCl (1.1
per cent in all). At 4 and B 0.5 ce. horse-serum added to bath.

be only momentarily attained; but it is probable that the injec-
tion of antigen in such experiments is made while the tonicity
of the blood is still at such a level that the isolated plain muscle
could not long survive in an equivalent saline solution. It was
quite unnecessary, however, to try the effect of such concen-
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trated solutions on the response of the isolated organ, since a
few experiments made it clear that a comparatively slight inerease
in the saline content of the fluid very markedly depressed the
extent of the anaphylactic reaction.

Figure 1 shows the effect of raising the sodium echloride con-
tent from 0.9 to 1.1 per cent, 2 grams of salt being added to 1
liter of the Ringer’s solution. Figure 2 shows a similar pair of
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Fia. 2. Urervus or Vircix GuiNea-Pie (BOTH HORNS)

Sensitisation 1/45 ce. antitoxin + 1 test dose toxin: sixteen days. Perfused
with Ringer I 4 0.3 per cent NaCl (1.2 per cent in all). First horn in 1.2 per
cent NaCl Ringer, second in normal Ringer I. At A and B 0.5 ce. horse-serum.

responses, taken in the reverse order, from one horn in Ringer’s
solution with 1.2 per cent NaCl, the other in the ordinary solu-
tion with 0.9 per cent NaCl. A rise to 1.3 per cent of sodium
chloride produced almost complete extinetion of the response to
the antigen in the case illustrated in figures 3 and 4. Figure 4
illustrates another point of some importance. After the dose of
antigen had been given at A, with minimal effect, the solution
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was run off, and after repeated washing of the uterus with fresh
quantities of the hypertonic solution, the bath was filled with
the ordinary Ringer's solution, containing (.9 per cent NaCl.
This change produced a small rise of tonus, with the cause of
which we shall deal in a later section. Here it is only necessary
to mention that it has no connexion with the previous addition
of antigen. A normal uterus, in the absence of any drug, shows
a similar temporary inerease of tonus when transferred from a
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Fig. 3. Urervs oF Virciy Guinga-Pic

Sensitisation 1/600 antitoxin 4 1 test dose: seventeen days. Perfused with
Ringer I. At 4 0.5 ce. horse-serum.

solution of higher to one of lower tonicity. After this change
a further dose of the antigen was given at B, and was completely
ineffective, although the control horn, receiving its first dose in
the same solution, gave a typiecal anaphylactic response (fig. 3).
This observation has been made repeatedly and always with the
same result; though the tonicity of the solution was raised to
such a point that addition of a full dose of antigen caused prac-
tically no contraction, the plain muscle was none the less effee-
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tively desensitised to further doses, given in a solution in which
contraction, apart from such previous treatment, occurs. Mere
preliminary suspension of the organ in, or even prolonged per-
fusion with hypertonic Ringer, has no depressant effect on its
subsequent response to the antigen in normal Ringer. The desen-
sitisation can, therefore, only be attributed to the previous dose
of antigen, and we are driven to the conclusion that the union
of fixed antibody with antigen, and consequent desensitisation,
is unhindered by the comparatively small increase of tonicity,
which suffices practically to obliterate the econtraction which
normally results from such union. This is in line with the obser-
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Fig. 4. Saumy ExpEriMexT as Fioure 3.

Second horn in Ringer I + 0.4 per cent NaCl (1.3 per cent in all). At A 0.5
ce. horse-serum. Wash out several times with hypertonic and then change to
normal Ringer I, to which, at B, add 0.5 ce. horse-serum. '

vation of Ritz, that injection of strong saline protects against
““anaphylatoxin’ prepared in vifro, and leads to the expectation
that the effect of added salt is to depress the responsiveness of
the muscle to motor stimuli in general. In the following seetion
it will be shown that this is, indeed, the ecase. Two further
points, however, first need mention. |

Firstly, the depressant effect is not due to excess of sodium
ions in relation to others. If the concentration be increased by
making up the Ringer’s solution with a smaller proportion of
water, while retaining the normal relation of the saline constitu-
ents to one another, the effect is identical with that produced
by adding an extra quantity of sodium chloride, '

Secondly, the customary solution with 0.9 per cent NaCl,
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though it presumably represents approximately the saline com-
position of the body fluids, does not furnish the condition for
maximum responsiveness of the isolated plain musele. If we

MWl
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Fia. 5. Urerus oF Virgiy GUiNEA-PIa (BOTH HORNS)

Sensitisation 1/400 antitoxin 4+ 1 test dose: fourteen days, Not perfused.
First horn in Ringer IT, second horn in Ringer I diluted with one-eighth volume
of water. At A and B 0.01 ce. horse-serum.

regard the responsiveness in this solution as representing the
normal condition, a supernormal execitability is obtainable by
lowering the concentration of the bath by addition of distilled
water. The increase of anaphylactic response produced by thus
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lowering the concentration of sodium echloride from 0.9 to 0.8
per cent, and that of the other constituents in proportion, is
illustrated in figure 5. In experiments on the whole guinea-pig
some observers have found that a minute reinjection of antigen,
sufficient to produce only a small rise of temperature when given
in a small volume of saline, will cause death if given in a large
volume of distilled water—Thiele and Embleton (10). The obser-
vation involves the response of other cells, as well as those of
plain muscle, but the parallellism with the effect on isolated
plain musele is suggestive.

MODIFICATION OF THE RESPONSE OF NORMAL PLAIN MUSCLE

It was shown above that the modification of the anaphylactie
reaction by altered concentration of the Ringer’s solution is appar-
ently due to the altered responsiveness of the musecle fibers, and
not to inhibition or facilitation of the antigen-antibody reaction
which furnishes the stimulus. This is confirmed when the effect
of similar changes on the action of stimulant drugs, such as
g-iminazolylethylamine or pituitary extract, is studied. With
these we can study the phenomenon to much better advantage,
since, as Laidlaw and I have shown, the plain muscle of the
guinea-pig's uterus gives a very uniform series of responses to
a succession of equal doses of these substances, provided that
each dose is thoroughly washed away, and the normal condition
of minimum tonus regained, before the next dose is added. I
have used g-iminazolylethylamine for these experiments, as elicit-
ing the more rapid and, on the whole, more uniform response:
but pituitary extract, or pilocarpine, or, indeed, any stimulant
drug, to which the muscle does not rapidly acquire tolerance
with successive doses, will show the effect. It is necessary to
emphasise this, since the resemblance between the action of
iminazolylethylamine and certain features of the anaphylactic
response might give the impression that the phenomenon with
which we are dealing was peculiar to effects of this type.

Figure 6 shows the modification of the effect of a just maximal
dose of iminazolylethylamine, produced by adding increasing
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doses of sodium chloride to the 250 ce. of Ringer’s solution (II)
with which the bath was uniformly filled. It will be seen that
the change from 1.3 to 1 per cent NaCl restores the activity almost
to the original level, and that the restoration is practically com-
plete on subsequently changing to solution of the original con-
eentration, with 0.9 per cent sodium chloride.
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Fig. 6. Horx or Urervs or NorMar VirciN GuiNea-Pic (anso v Figs. 7-11)

Dose in each case 0.05 mgm. A-iminazolylethylamine. At A uterus is in
Ringer IT with 0.9 per cent NaCl (normal), B 1.1 per cent, C' 1.2 per cent, D 1.3
per cent, E 1 per cent, F 0.9 per cent (normal). At R, R (in this and subsequent
fizures), change of Ringer's solution.

In the previous section it was noted that the depressant action
is not due to increasing the proportion of sodium ions. It has
now to be added that increase of the osmotic pressure of the
solution by adding another electrolyte, such as sodium sulphate,
or a non-electrolyte, such as cane-sugar, is equally effective in
depressing the response of the plain musele. No difference could
be detected between the effects of sodium ehloride and sodium
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sulphate added in equimolecular proportions. The effect of add-
ing 2 per cent of cane-sugar is illustrated in figure 7.
It was found, as expected, that the sensitiveness of the plain
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Fic. 7. Dose 1w Eaca Casg 0.05 Moy, S-IMINAZOLYLETHYLAMINE

At A and € uterus is in normal Ringer II, at B in the same with the addition
of 2 per cent cane sugar.

muscle to iminazolylethylamine was increased when the concen-
tration of the Ringer’s solution was lowered by addition of dis-
tilled water. A very small change of concentration produced a
well-marked change of excitability. Figure 8 shows the efiect
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of four sucecessive, equal, submaximal doses of iminazolylethyl-
amine. The first two contractions were produced with the
uterus in the ordinary undiluted Ringer’s solution (II). The
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Fi1a. 8. Dose v Eace Case 0.01 meM. S-IMINAZOLYLETHYLAMINE

At A, B, and D, uterus is in normal Ringer IT (with 0.9 per cent NaCl), at
' in the same diluted with one-seventeenth volume of distilled water (reducing
NaCl to 0.85 per cent).

dose producing the effect at B was washed away as usual, and
the standard volume of 250 ce. fresh solution run in. To this
15 ce. of distilled water were added, bringing the concentration
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of N&?Cl to a:bnut 0.85 per cent and lowering that of the other
mn§t1tuents In proportion. The volume in the bath was then
again brought to 250 ce., and, when the muscle had returned
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Fi1G. 9. Dose 1§ Kaca Case 0.002 MM, A-IMINAZOLYLETHYLAMINE

At A and € uterus is in Ringer 11, reduced by dilution to 0.75 per eent NaCl:
at B in the same diluted to 0.8 per cent NaCl.

to the condition of minimum tonus, the third dose was given
at C, producing a much larger effect. A change back to the
ordinary concentration then restored the excitability to the
original level, as shown at D.
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Figure 9 shows the effect of a similar change, made at a lower
level of concentration; it will be observed that in this ease an
extremely small dose (0.002 mgm.) has to be used in order to
avoid producing a supramaximal effect in the solution containing
0.75 per cent NaCl.
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Fig. 10. Dose 1x Eaca Case 0.01 MmaM. g-IMINAZOLYLETHYLAMINE

At A uterus is in normal Ringer II, at B in the same diluted with one-eighth
volume of 12 per cent cane sugar.

The effect of dilution is due to the lowering of the tonicity of
the solution. A diminution of the concentration in the electro-
lytes, within the limited range with which we are dealing, has
no effect, provided that the osmotic pressure of the solution is
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maintained by adding an equivalent amount of a non-electrolyte,
such as cane-sugar. Figure 10 shows the equal effects of two
doses of iminazolylethylamine (0.01 mgm.), given when the bath
was filled respectively with ordinary Ringer's solution, and with
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Fic. 11. Dase v Eaca Case 0.005 say. 8-IMINAZOLYLETHYLAMINE

At A and € uterus is in normal Ringer II, at B in the same diluted with one-
eighth volume of 2 per cent urea.

Ringer's solution of which the saline content had been reduced
from 0.9 to 0.8 per cent NaCl by adding one-eighth of its volume
of a 12 per cent (isotonic) solution of cane-sugar in distilled water.
On the other hand, a 2 per cent solution of urea, which has about
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the same osmotic pressure-as Ringer's solution, acts as a diluent
like distilled water (fig. 11). This, again, is in accordance with
the supposition that the effect is due to change in the tonicity
of the solution, since urea, to which the cell-membranes are per-
fectly permeable, is osmotically indifferent where living cells are
concerned. :

B
A

P R

T L U O L UL

Fic. 12. Horx oF UrErus oF Vireiy Car ixn 250 cc. RingeEr II

At 4, 0.002 mgm. adrenine. R, change to fresh Ringer. At B -1 ce. 25 per
cent NaCl (raising NaCl concentration from 0.9 to 1 per cent).

A fall in the tonicity of the bathing-fluid, if sufficiently large
and sudden, is itself an efficient stimulus. Thus the addition
of 30 ce. of distilled water to a bath containing 250 ce. of Ringer’s
solution usually provokes a contraction of the plain musele sus-
pended therein. A more marked contraction is produced by
adding 50 ce. of water, which reduces the saline eoncentration
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from 0.9 to 0.75 per cent NaCl. Indeed, the effect of a stimulant
drug, such as iminazolylethylamine, may be closely simulated
by thus suddenly reducing the concentration of the fluid; when
the requisite amount of salt is added to restore the original
concentration, relaxation occurs, as when the stimulant drug is
washed away by fresh solution. It may be stated, therefore, in
general terms, that a fall in the tonicity of the bath excites tonie
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Fic. 13. Horn or Utervs oF Vimeiy Car
Doge in each case 0.002 mgm. adrenine. At A in Ringer II 4+ 0.05 per cent
NaCl (0.95 per cent in all). At B in normal Ringer IT (0.9 per cent NaCl). At
€' in Ringer II diluted with one-seventeenth volume of distilled water (0.85 per

eent NaCl).

contraction, a rise in osmotic pressure inhibits existing tonus in
isolated plain muscle.

The directly inhibitor effect of a rise in coneentration is much
better seen in the isolated uterus of the non-pregnant eat, which
normally maintains a high tonus in Ringer’s solution. Figure 12
shows the inhibitor effect on suech a uterus of adding 1 ee. of 25
per cent NaCl to the bath, thus raising the concentration from
0.9 to 1 per cent NaCl. The effect of a small dose of adrenine is
shown for ecomparison.
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This suggests the enquiry, how the effect of an inhibitor drug
will be changed by small changes in tonieity of the fluid in which
the organ is suspended. The inhibitor effect of adrenine on the
cat’s non-pregnant uterus can be repeated indefinitely with fairly
uniform result and is, therefore, suited to the experiment. The
only diffieulty is occasioned by the fact that the inhibitor action
produced by increasing concentration persists till the concen-
tration is lowered again. It is not possiblg, therefore, as in record-
ing the effects of a stimulant drug on the guinea-pig’s uterus,
to make each effect start from the same tonus-level of the uterine
muscle. However, when the changes are within a very limited
range, it is easy to demonstrate the adjuvant effect of an increase,
and the antagonistic effect of a diminufion of tonicity, to the
inhibitor action of adrenine. Figure 13 shows the diminishing
effect of equal doses of adrenine as the concentration of Ringer’s
solution is lowered from 0.95 to 0.9 and 0.85 per cent NaCl.
In this case, again, the effect is not due to specific ionic action;
the addition of cane-sugar to the Ringer’'s solution is as effective
in producing inhibition, or augmenting the inhibitor action of
adrenine, as the addition of an osmotically equivalent amount
of sodium chloride.

SUMMARY AND DISCUSSION OF RESULTS

These experiments, begun with the object of investigating the
influence of strong saline in protecting the anaphylactic guinea-
pig from the fatal effects of reinjection, have led to conclusions
of more general application to the activity of plain muscle. It
should be noted that it is with the tonus rather than with the
rhythmic activity of plain musele that the effects described in
this paper are concerned; though the probability of their appli-
cability to rhythm also is indicated by a few experiments which
I have made on isolated intestinal musele, of which rhythm is
the predominant characteristic, as tone is that of the isolated
non-pregnant uterus. The abolition of the rhythm of isolated
intestinal musele, by addition to the Ringer’s solution of 1 per
cent of dextrose, has been previously deseribed by Cohnheim (11).
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But, dealing only with the results desecribed in detail in previous
sections, they may be summarised as follows:

1. Any increase in the tonicity of the Ringer's solution, in
which isolated plain musele is suspended, has an inhibitor effect
on tonus; any decrease in tonicity acts as a stimulus.

2. When the change in either direction is too small to cause a
rise or fall of tonus by itself, or when the plain musecle has
adjusted itself to the new conditions, the subsequent effect of a
stimulant drug is deereased, that of an inhibitor drug increased,
by a.rise in tonicity, while a fall in tonicity produces the oppo-
site effects in both cases.

3. The protective effect of strong saline injections in the ana-
phylactie shock of the guinea-pig is readily explicable, as a par-
ticular case of the depressant effect of raised tonicity on the
response of plain musele to stimulant drugs.

It does not seem desirable at the present stage to attempt to
base on these results any positive conclusions as to the mechanism
of plain muscle contraction. At first sight, indeed, the apparent
dependence of the effect on the tonicity of the solution only,
and its independence within limits of the nature of the salt or
non-electrolyte to which this is due, seems to be inconsistent
with theories which attribute contraction to imbibition of water
(Quellung) by the musele-colloids. It must be borne in mind,
however, that we are dealing with living cells, freely permeable
to water, but relatively impermeable to sodium ions or cane-
sugar. The immediate effect of changes in the osmotic pressure
of the bathing-fluid, whatever the substance to which the osmotic
pressure is due, will be to withdraw water from, or add water
to the constituents of the musecle fibers, thereby raising or lower-
ing the concentration of their intrinsic salts. Since the inter-
change in contraction is regarded as taking place between fibrils
and interfibrillar substance, and not between the whole organ
and the fluid bathing its surface, there is no necessary inconsis-
tency between the facts here presented and an imbibition theory
of contraction. With one particular view of the nature of plain-
musele eontraction, on the other hand, they seem to be definitely
discordant. This is the theory of Meigs, according to which the
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fibers of plain muscle undergo, in contraction, a shrinkage in both
dimensions, owing to loss of water to the intervening ground-
substance. Meigs (12) bases his theory on histologieal observa-
tions, on which my results have no bearing, and on the behaviour
* of rings of plain musecle from the frog’s stomach extended by a
welght, when plunged into distilled water and saturated sodium
chloride respectively. In distilled water the ring, after a small
preliminary contraction, slowly gives way and lengthens: in satu-
rated salt a small preliminary relaxation, followed by a steady
shrinkage, occurs. I would suggest that, if these observations
have any bearing on the physiological proeess of eontraction,
it is only to the brief initial reaction—the last feeble response
of the dying cells—that significance can be attached. The latter
portions of Meigs’' curves seem to be adequately accounted for
by supposing that the dead tissue as a whole shows a diminishing
resistance to extension as its cells become disintegrated by dis-
tilled water, and that it shrinks as a whole under the dehvdrating
influence of strong saline. When the changes of tonicity are
kept within such limits that they are consistent with the con-
tinued vitality of the muscle fibres, as in the experiments with
which this paper deals, the effects correspond with the small
initial effects mentioned by Meigs, but regarded by him as negli-
gible, in comparison with the secondary and more prolonged
effects seen in his experiments

My object is to place on record observations, made inciden-
tally to another investigation, which may find their place in the
development of a theory of plain musele activity, when further
light has been thrown on the subject from other aspects. The
results further seem worthy of attention from the purely practi-
cal point of view, that they indicate the necessity of precaution
against even small alterations in the concentration of the saline
bath, when long experiments are conducted on isolated plain-
muscular organs, especially when these experiments involve quan-
titative observations on the degree of response of the plain-muscle
to various stimuli, With a shallow layer of warm fluid, and a
vigorous stream of oxygen bubbiling through it, concentration to
a degree sufficient to modify the response in an important degree















